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1. INTRODUCTION

General Implementation

1.1 This Standard, which for assessment purposes..6  This Standard shall be used forthwith for the
replaces BD 13 (DMRB 1.3), gives requirements for assessment of steelhighway bridges and structures.

the assessment of existing steel structures and The reql_Jirements shall b_e applied to assessments
structural elements, and shall be used in conjunction already in progress provided that, in the opinion of the
with BD 21 (DMRB 3.4.3). Overseeings@rganisation, this would not result in

significant‘additionakexpense or delay. Its application
1.2  Annex A of this Standard contains the relevantto particular assessments shall be confirmed with the
assessment clauses and appendices which have bee@verseeing.Organisation.
presented as additions and amendments to the design
clauses and appendices in BS 5400: Part 3 as amended
by the Appendix A of BD 13 (DMRB 1.3). These
additions and amendments have been specifically
developed to suit assessment conditions and, therefore,
must not be used in new design or construction.

1.3 BA56 (DMRB 3.4.12) accompanies this
Standard, giving the necessary background
information and also guidance on the application of
this Standard. It is recommended that the Advice Note
should be used in conjunction with this Standard.

1.4 Where there is no assessment addition to a
clause in Annex A, the existing design clause as
amended by this Standard shall be applicable for
assessment.

Scope

1.5 This Standard givesftequirements for the
assessment of existing steel highway bridges and
structures on motorways and.other trunk roads. For
use in Northern Ireland, this Standard will be
applicable to those roads so designated by the
Overseeing Organisation.
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2. ASSESSMENT OF STRENGTH

General Global Analysis

2.1 The objective of this Standard is to produce a 2.4 Plastic analysis of load effectsat ultimate limit
more realistic assessment of the strength of steel  state for beams and. slabs may,be permitted provided
elements than has previously been possible using thethat the components are both compact and stocky and
requirements of the existing design code. This in parthat serviceability criteria are met.
is achieved by taking advantage of the information Requirements are givenwhen plastic global analysis is
available to an assessing engineer in respect of the to be used:
material strength, geometrical properties and
imperfections etc which can only be predicted at the Partial Factor for Loads, y,
design stage.

2.5 Assessmentloads Ghall be obtained by
2.2 Many of the criteria given in the design code armultiplying the'nominal loads, Qbyy, , the partial
based on experimental evidence which in some casesafety factor for loads. The relevant valuesygfare
have been either conservatively interpreted for use ingivemin BD 21 (DMRB 3.4.3). The assessment load
design or updated by later evidence allowing a less' effects, $'shall be obtained by the relation:
conservative interpretation. For assessment purposes
such criteria have been reviewed and amendedwhere §° =Yy _(effects of Q")
appropriate.

wherey,, is a factor that takes account of inaccurate
2.3 The assessment additions will enableany assessment of the effects of loading, unforeseen stress
combination of the following aspects to be dealt with distribution in the structure and variations in

in assessment: dimensional accuracy in constructign.shall be
taken as 1.1 for the ultimate limit state and 1.0 for the
a) measured imperfections and sizes serviceabilty limit state.

different from those assumed in the code;
Partial Safety Factor for Materials,y_
b)  structural steelwork components and
connections not fabricated orerectedin 2.6 An important feature of the design code is the
accordance with the Specification for  application of the partial safety factor for material
Highway Works (MCHW 1); strengthy , to the characteristic values. In
assessment, a reduced valug omay be used as an
C) structural steel material not complying  alternative based on the results of laboratory tests.
with the relevant standards;

Limit State
d)  generalconfigurationsand shape
limitations net complying with the 2.7 Although BD 21 (DMRB 3.4.3) specifies that
limitation in BS 5400 Part 3; assessments shall be carried out at the ultimate limit

state, this Standard requires that serviceability limit
e) restraint stiffnesses and strengths not  state checks be carried out in a number of cases.
complying'with BS 5400 Part 3; and However certain seviceability checks required by the
design rules may be waived when permanent
f) outmoded forms of construction not deformations are acceptable.
complying with BS 5400 Part 3.
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Fatigue

2.8 Inassessment, fatigue analysis is not normally
necessary. Where the configuration of the bridge is
such that fatigue assessment is essential the loading
and the method of analysis shall be as given in BS
5400 Part 10 as implemented by BD 9 (DMRB 1.3)

Condition Factor in BD 21

2.9  While the application of the condition factqr F
in paragraph 3.18 of BD 21 (DMRB 3.4.3) is not
affected in principle by the requirements of this
Standard, care should be taken to ensure that the
estimated values of Ho not allow for deficiencies of
the materials in a structure which are separately
allowed for by using the amended valueg of
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3. USE OF ANNEX A, BS 5400 PART 3 AND
BD 13

3.1 AnnexAs presented in the form of new

clauses, amendments or add-ons to the design clauses
in BS 5400 Part 3 as amended by BD 13 (DMRB

1.3). For the benefit of engineers existing clauses in
BS 5400 Part 3 as amended by BD 13 (DMRB 1.3)
have been included on the facing pages of the
document. To facilitate this, the appropriate sections

of BS 5400 Part 3 have been highlighted. The page
numbers centred above the footer are the page
numbers of BS 5400 Part 3.

3.2 Some clauses in BS 5400 Part 3 and Appendix
A of BD 13 (DMRB 1.3) are expressed in a
mandatory form using the word ‘shall’, whereas some
other clauses are expressed in the form of
recomendations using the word ‘should’. However,
even the latter requirements shall be considered as
mandatory. In Annex A the word ‘shall’ is used
throughout.

3.3  Where reference is made to any part of BS
5400, this shall be taken as a reference to that part as
implemented by the Overseeing Organisation:
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4. REFERENCES

1. Design Manual for Roads and Bridges (DMRB)
Volume 1:  Section 3: General Design
BD 13  Design of Steel Bridges. Use of BS 5400: Part 3:41982. (DMRB 1.3)
BD 37 Loads for Highway Bridges. (DMRB 1.3)
BD 9 Implementation of BS 5400: Part 10: 1980, Code of Practice for Fatigue. (DMRB 1.3)
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BA56  The Assessment of Steel HighwayBridges and Structures. (DMRB 3.4.12)
BD 61  The Assessment of Composite/Highway Bridges and Structures. (DMRB 3.4.16)
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2. Manual of Contract Documents for Highway Weorks (MCHW)
Volume 1:  Specification for Highway Works (MCHW 1)
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5. ENQUIRIES

All technical enquiries or comments on this Standard should be sent in wri

The Chief Highway Engineer
The Highways Agency

St Christopher House
Southwark Street

London SE1 OTE

Chief Highway Engineer

The Deputy Chief Engineer

National Roads Directorate

The Scottish Office Development Departme

Floor 2C, Victoria Quay N B MACKENZIE
Edinburgh EH6 6QQ Deputy Chief Engineer

The Director of Highways
Welsh Office
Crown Buildings
Cathays Park
Cardiff CF1 3NQ

K THOMAS
Director of Highways

The Director of
Department of

10-18 W J McCOUBREY
Belfast Director of Roads Service
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Annex A

British Standards Institution.

AMENDMENTS TO BS 5400 : PART 3: ND
APPENDIX A OF BD13/90
BS 5400 Part 3 has been reproduced in Annex A with thE permission of the
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9.55 Redistribution of tension flange

9.9.6 Webs subjected to in-plane patch

stresses in 3 hongitudinally stiffened ipading 38
beam 24 9.9.7 Differential temperature and
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restraints 25 9.10.2.2 Effective section for longitudinal
9.6.3 Beams (other than cantilevers) flange stiffeners 39
without intermediate lateral 9.10.2.3 Suengihiof longitudinel flange
restraints 25 stiffeners 39
9.6.4 Cantilevers without intermediate 9.10.2.4 Longitudinally varying moment 3g
lateral restraints 26 9.10.3 Siiffened flanges subjected to
9.6.5 Beams restrained by U-frames 26 local bending 39
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deck : 27 9110.3.2 Ultimate limit state 3g
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9.7.5 Other cases 30 9.11.4 4 Interaction buckling criterion 45
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8.9.2.2 Shear resistance under pure shear az 9.12.2 Intermediete U-freme restraints a7
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9.9.4.3 Compact and stocky members 37 level 49
9.8.5 Beams built in several stagss 37 9.12.4 Restraint at supports 49
5,959 General 37 9.12.4.1 Restraining forces 49
9.9.5.2 Bending resistance of non- 37 812.4.2 Srifiness 60
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8953 Bending combined with shear of 913 I‘:::?::B web stifieners other than at 50
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49132 Effactive section of transverss web 2,16 Intermediate internal cross trames o oo
stiffenars 50 girders B
5.13.3 Loading on transversc web 9.16.1 General 60
stiffeners 51 9.16.2 Limitations G0
9.13.3.1 Effects to be considered 51 59.16.2.1 Girder layoul 60
Y.13.3.2 Aaxial force due to tension field 916,22 Cross frames 50
action 51 9.16.2.3 Corner stiffening 60
9.13.3.3 Axial force representing the 9.16.3 Loag effects to be considerad B
destabitizing influence of the 9.16.4 Ring cross frames B0
web [ 8.16.4.1 Effectivegection of transverse
913.3.4 Axiat force due to curvature 52 membefs 60
9.13.4 Distribution of axial ioading 52 9.16.4.2 Analysis B0
9.13.5 Strength of transverse web 9.16.4.3 Strength of ring cross frame
stiffeners 52 mambars b1
9313.5.1 Yielding of web plate 52 2.16.5 Braced cross frames 51
9.13.5.2 Yielding of stiffener 53 8.16.5.1General 61
913.5.3 Buckling of effactive stiffener 9.16.5.2 Laad sffects tg be consdered 681
section 53 9.16.5.3 Design of braced cross frame
9.13.6 Transverse web stiffeners without members 61
applied loading 53 9,17 Diaphragms in box girdars at
914 Load bearing support stiffeners 53 suppors cll
9.14.1 Genenal 53 9.17.1 General 61
$.14.2 Effsctive section for bearing 9.17.2 Limitations 61
stitfeners 53 9.17.2.1 Box girders 61
9.14.2.1 Single leg stiffener 53 9.17.2 2 Diaphragms and bearings 62
9.14.2 2 Multiieg stiffeners 54 9.17.2 3 Cross beams and cantilevers 62
9.14.3 Loading on bearing stiffeners B4 9.172.2.4 Starter plates 62
9.14.3.1 Effects to be considered B4 9.17.2.5 Stiffeners to diaphragms 62
9.14.3.2 Axial force representing the 9.17.2.6 Plating in diaphragms 62
deslabiizing influence of the 9.17.2.7 Openings in unstiffened
wab hi diaphragms 52
9.14.3.3 Eccentricity 54 §9.17.2.8 Opanings in stiffened
9.14.3.4 End supports 54 diaphragms B2
.14 4 Strength of bearing stiffeners 54 9.17.3 Loading on diaphragms 63
9.14.4.1 Yielding of web plate 54 917.3.1 Derivation 83
214.4.2 Yielding of stiffener % G917 3.2 Effects to be considered B3
9.14.4.3 Buckling of effective stiffener 9.17.4 Effective sections 84
section 56 9.17.4.1 General 84
9.14.5 Stiffness of bearing stiffeners 56 5.17.4.2 Vertical sections 64
9.15 Cross heems and other transverse 9.17.4.3 Sr_aear ared . 22
members in stiffered flanges 56 8.17.4.4 Diaphragm stiffeners
9.15.1 General 56 9.17.4.5 Diaphragm/web junctian 65
915.1.1 Loading 56 8.17.5 Unstitfened diaphragms gg
9.15.1.2 Compression flanges 56 9.17.5.1 General )
9.15.1.3 Transverse memiher support 58 9.17.5.2 F:eference values af in-plane -
; ; ; stresses
9152 ::;iizgzgsectlon for transverse . 81753 B_uck.iing coe_ﬁicient 86
915 21 Eftective section for stilfnzss a6 9.17.54 Yleldl‘ng of d!_aphragrn plate 6_6"
9.15.2.2 Effective section for strengthiand 91755 ‘Buckllng _Of diaphragm plate 5
stress caleulation 56 9.17.6 Stiffened diaphragms 67
9.15.2.3 Compact secticn 57 9.17.61 General g
9.15.3 Stiffness of transverse members in 9.17.6.2 Stresses in diaphragm plates
compression flanges 57 9.17.6.3 Stresses in diaphragm stiffeners 23
9.15.2.1 Transverse member segment 9.17.6.4 Yielding of diaphragm plate 0
types 57 9.17.6.5 B_uck_lmg of c_lmphragm pllate 70
9.15.3 2 Stiffness of transverse mambers 57 9.17.6.6 Yielding of diaphragm stiffeners 70
9.15.4 Loading on transverse members 58 9.17.6.7 Buckling of digphragm stiffeners 0
9.1514:1, Fffects ta be considered 58 9.17.7 Diaphragm/web junctions 70
9.15.4.2 Flanges,curved inelevation 58 9.17.21 Gene.ral ) ;g
9.75,4.3 Changes of flange siope 55 9.17.7.2 Loading ef{eclts to be considered
9.15.4 4 Prafile deviations in compression 8.17.7.3 Suength of diaphragm,/web
flanges 54 Junction ) ) 7
B 4 5 Appliedtion of loading 53 917374 J.uncnon rest_ramt provided by
3.15.5 Strength of transverse mambers 60 diaphragm stiffeners 71
9.17.8 Continuity of cross beams and
cantilevers M
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104 Effective lengths 72 COMponEns 20
10.41 General 72 11. Design of tension members a80
10.4.2 Single angle members 72 11.1 General 80
10.4.2.1 Discontinuous members 72 112 Limit state 80
10.4.2 2 Intersecting members 72 11.24 Utiimate limit state 80
10.5 Effective section 73 11.2.2 Fatigue 80
105.1 General 73 11.2.3 Senviceability limit state 80
10.5.2 Effective areas 73 11.3 Effective section BO
10.5.2.1 Members cther than circular 41.3.1 General 80
hollow sections 73 11,3.2 Effective area 80
10.5.2.2 Circular hollow sactions 73 11:2.3 Net area of members with bolt
10.6 Compression members without or rivet holes 81
longitudinat stiffeners 73 11.3.4 Screwed rods 81
10.6.1 Axial compression 73 11.3.5 Pin-connected members 81
10.6.1.3 Strength 73 11.4 Thickness &1 pin-holes : a1
10.6.1.2 Single angles 73 11.5 Strength 82
10.6.2 Combined compression and 1161 Axial tension az
banding 76 11:5.2 Combined tension and bending 82
10.6.2.1 Strength 76 11.5.3 Eccentricity of end connections 82
10.6.2.2 Eccentricity of end connectians 76 11.6 Rattened tension members 82
10,6.3 Compact and stocky members 76 11.6.1 General 82
10.7 Comptession membsers with iongitudinal 11.6.2 Spacing of battens 82
stitfeners 76 11.6.3 Dimensions of battans 82
10.7.1 Strength 76 11.6.4 Arrangement of battens in single
10.7.2 Evaluation of stresses 76 or parallel planes 82
10.7.3 Shape of lengitudinal stiffener 77 11.6.5 Arrangement of battens in
10.7.4 Transverse stiffeners 77 cruciform membets 82
10.8 Battened compression members 77 11.56.6 Connection of battens g2
10.8.1 General 77 11.6.7 Loads on battens 83
10.8.2 Radius of gyration of the 11.7 Laced tension members 83
member I 11.7.1 General 83
10.8.3 Spacing of battens 77 11.7.2 Inclination of lacing bars 83
10.8.4 Dimensions of batiens 78 11.7.3 Loads on lacing bars 83
10.8.4.1 Length 78 11.7.4 Double lacing 83
10.8.4.2 Thickness . 78 11.7.5 Welding of lacing bars to main
10.8.5 Members with single or paraliel components 83
planes of battens 78 11.8 Tension members connected by
10.8.5.1 Arrangement of battens 78 perforated plates 83
10.8.5.2 Loads and moments on battens 78 11.8.1 Genera! B3
10.8.8 Cruciform members 78 11.8.2 Strength of member a3
10.8.6.1 Arrangement of battens 78 11.8.3 Loads on perfarated plates B3
10.8.6.2/Loads and moments on battens 79 11.9 Tension members with components back
10.8.6.3 Strength, of components of the 1o back 83
member 79 .
10.67 Welding of battehs 79 1; 10(;’:;992;“ trusses gg
10.9 Laced compression members 79 e 83
10.9.1 Generl : 79 122Umitstates
10.9.2 Inctination of lacing bars 79 1221 Ult[mata limit state 83
. . 12,2.2 Fatigue 83
10.9.3 Spacing of lacing bars 79 9 [T g1
10.9.4 Siendarness of lacing bars 79 122.3 .Semmabnllty limit state
10.9.5 Loads aon lacin: 79 12.3 Analysis 83
g
110.9.6 Double lacing 79 133; general # 333
10.9.7 Welding of lacing bars 1o main ; 12:3:3 L;‘;’;ﬂ;‘;:de;x >
cegERIEnts 9 12.3.3.1 Loads not applied at truss joints B4
12.3.3.2 Eccentricities at joints B4
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12.4 Effective length of compression member
12.4.1 General
12.4.2 Latesal restraint by deck 10
compression chord
12.5 Unbraced compression chords
12.5.1 Effecrive length
12.5.2 Efact of loading on a cross
member
12.5.3 U-trames
12531 Intermediate U-frames
12.5.32 Ervd U-frames
12.6 Lateral bracing
12.6.1 General
12.8.2 Forces on bracing
12.7 Curved members
12.8 Gusset plates
12.8.1 Strength
12.8.2 Detailing

13. Design of base, cap and end plates
14, Design of connections

141 General

14.2 Limit states
14.2.1 Ulimate limit state
1422 Fatigue
14.2.3 Serviceability limit state
14.3 Basis of design
14.3.1 General
14.3.2 Alignmem of members
14.3.3 Distribution of loads between
{asieners or welds
14.3.3.1 Elastic analysis
14.3.3.2 Plastic analysis
14.3.4 Distributian of load {5 the
connected members
14.3.6 Connection of restraints 10 parts
N COMmpression
14.3.6 Prying force
14.4 Splices
14 4.1 Cover material
14.4.1.1 General
14.4.1.2 Welded stiffenern splices
14.4.2 Caompression membeis
14.4.2.1 Loads 1o be transmitted
14.4.2.2 Design streésses
14.4.2.3 Machined abutting ends of parts
in compression
14.4.3 Tensian members
14.4.3.1 Loads to be transmined
14.4.3.2 Design stresses
1444 Parts in shear
14 4.5/Parts in shear and bending
14.4 6 Pans iktension 01 compression
and bending
145 Connections made with bolts, rivets or
pins
14 5.1 Spacing af bolts or rivets
14.5.11 Minimum pitch
14.5:1.2 Maximum pitch
14.5.1.3 Staggered spacing
14:5.1 .4 Spacing in stiffener attachment
14.5.2 Edge and end distance
14.5.3 Strength of fasteners other than
HS5FG bolts acting in friction
145.3.1 General

83

a1
N
91
91
9
91
g2

=74
82

14.5.3.2 Bolis subjected to axial teasion
14.5.3.3 Rivets subjected 10 axial tension
14.5.3 4 Fasteners subjecied to shear
only
14.5.3.5 Fasteners subjected 1a tension
and shear
14.5.3.6 Bolts and rivetsin bearing
14.5.3.7 Pins in beanng
14.5.3.B Long grip nvets
14.5.1.9 Secusing nuts
14.5.3.10 Bohs end rivets through
packings
145.3.11 Pin plales
14.5.4 Strengih of HFSG balts 2cting in
friction
14.5.4.1 General
14.5 4.2 Friction cepacity
14.5.4.3 Prestress
14 5.4 4 Slipfactor
14.5 4.5 Dver-sized and sloted holas
1455 Long connections
14.6 Welded connections
14.6.1 Geners!
14.6.2 Sunm welds
14.6.2 1 Intermittent butt welds
14.6.2.2 Pantial penetration butt welds
14.6.2.3 Strength of butt welds
14.5.3 Fillat weids
14:6.3.1 intermitient fillet walds
14.6.3.2 End returns
14.6.3.3 End connections by side fillets
14.6.3.4 End connections by transverse
welds
14.6.3.5 Welds with packings
14.6.3.6 Welds in holes and slots
14.63.7 Leongitudinal welds in membars
subject 1o bending
14.6.3.8 Effective length of filiet walds
14 6.3.9 Efiective throat of a filiet weld
14.6.3.10 Efective area of a fillet weid
14.6.3.11 Capacity of a fillet weld
14.6.4 Plug welds
14.6.5 Load transfer by parts in contact
14.7 Hybrid connections
14.7.1 Allowable combinations
14.72 Other combinations
14.8 Lug angles
14.9 Other attachmenis

Appendices

A Evaluation of effective breadth ratios

A1 General

A.2 Equivalent simply supported spans

A.3 Point loads at mid-span

A4 Point loads not at mid-span

A5 Combination of laads

A.6 Transverse distribution of stress

B. Distortion and watping stresses in box

gitders

B.1 General

B 2 Restraint of torsional warping

B.3 Restraint of distortional warping
B.3.1 General
B.3.2 Comner stresses

Page

92
92

@2

100
100
100
100
100
100
100

102
102
102
103
103
103
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Page Page
B.3.3 Distributian of distortional warping 4. Effective breadth ratio ¥ for simply
stress 105 supporied beams 14
B.3.4 Effective diaphragm 105 5. Effective breadih ratio \ for interior spans
B.4 Transverse distortional bending stresses 106 of continuous beams 14
B.4.1 General 106 6. Effective breadth ratio v for propped
B.4.2 Carner stresses 106 cantilever beams 15
B.4.3 Distribution of distortional bending 7. Effective breadth ratio i for cantilever
stress 106 beams 15
C. Slenderness limitations for open stiffeners 108 8. Effective length £, for a cantilever beam
D. Patch loading on webs: buckling | without intermediate lateral restraint 26
considerations 10 9. Slenderness factoiw for beams of uniform
D.1 Beams without langitudinal stiffeners on section 30
web or flange 110 10. Effective length {, for compression
0.2 Beams with longitudinal stiffeners on web members 73
or flange 110 11. Effective langth & for compression "
E. Trangsverse moments in compression membars in trusses B84
flanges: U -frame restraints 110 12. Owver-sized and slotted holes 95
F. Buckling coefficients for transverse 13. Effective breadth ratio  Yor simply
members in compression fianges 111 supported beams for point load st mid-
G. Equations used for production of curves in span 101
figures 112 14, Effective breadth ratio  for interior spans
G.1 General 12 of continuous beams for point load at
G2 Figure 2. Limiting slendemess far flat mid-span 10%
stiffenars 12 15. Effective breadthyeatio ¥ for propped
(.3 Figure 3. Limiting slendemess for angle cantilever beams for point load at mid-
stiffeners 12 span 102
G .4 Figure 4, Limiting slenderness for tee 16. Effective breadth ratio  for cantilevers
stiffeners 112 baams for point load at free-end 102
G.5 Figure 5. Coefficient K, for plata panels 17. Diaphagm stiffness S 105
under direct compression 112 -
G.6 Figure 7. Influence on effective length of Figures
_ compression flange restrint 13 1. Geometric notation for bearns 18
G.7 Figure 10. Basic limiting stress oy; 13 2. Limiting slendemness for flat stiffeners 20
G.8 Figures 11 to 17, Limiting shear | 3. Limiting slendemess for angle stiffeners 20
cs "l"__:":t';'r';ﬂ;a‘lparamaem for the design of b3 4. Limiting slendemess {or tee stiffensrs 20
lengitudinal flange stiffeners 13 & gz;ﬁ:;nm pr:’scs::; plate panels under ”
G0 Figure 21. Minimum vaiue of i for 6. Dispersal of lpad 1hr0ugh an unstiffened
outer panel restraint 143 web 24
G.11 Figure 22. Buckling coefficients Xy,/Ka. 7. tnfluence on effective length of compres-
Ky and K 4 LU sion flange restraint 25
G.12 Figure 23. Parameters forthe design of 8. Restraint of compression flangs by U-
web stiffeners 115 frames or deck 27
G.13 Figure 24. Coefficient oy 7 for torsional 8. Slendemess factor 1 for variation in
restraint at supports 116 ;
G.14 Figure 29. Buckling coefficient X for 10. :e;:.::':;gmr;onr;es't‘r‘ess oy g?
transverse members 15 11. Limiting shear strength 14 for my,=0 33
G.15 Figure 3_6. Coefficiect &, for plata panels 12. Limiting shear strength ¢ for a,,=0.005 24
under direct GomprasSIon N, 15 13. Uimiting shear strength 1¢ for my,=0.010 34
G.16 Figure 37, Ukimate compressivestiess o 116 45 ) imiting, shear strength 1 for mew=0.020 35
G.17 Figure 58. Distartional warping stress 18. Limiting shear strength 7, for my,,=0.060 35
pa:an:letars. Figute 60. Distortional 16. Limiting shear sirength 7 for m.=0.120 36
bgndmg stress parameters 16 17. Limiting shear strength 1y for my,,=0.180 36
G.18 Figure 62, Coetficienis for torsional 18. Parameters for the design of longitudinal
buckting 116 flange stiffeners 40
18. Stresses on web panels 42
Tablas - o 20. Dispersal of Joad through a longitudinally
1. Clauses requiring serviceability check 8 stiffened web a2
2. P_::rt’ial sa{e‘ry factors, vy, = Yo1¥m2 9 21. Minimum value of my,, for outer web
3. Limiting thickneass of cer!‘.am steels, panel restraint a3
complying with the requirements of BS 22, Buckling coefficients Ky, Kz, Ky and Ky, a4

4360, for parts in tension 12
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Page

H. Derivation of nominal yield stress for assessment 116
H.1 General 116
H.2 Yield stress based on specification 116
H.3 Yield stress based on tests of the material

in the component to be assessed 116
H.4 Yield stress based on mill test certificates

or tests on samples 116
H.5 Worst credible yield stress 116
I. Inspections for assessment 118
1.1 General 119
1.2 Criticality ratings 119
1.3 Detailed inspections 120
1.4 Structural arrangements and sizes 120
1.5 Constructional imperfections
1.6 Condition
1.7 Material properties
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23 Pasameters for the design of web stiffeners . 48 41. Lateral restraint by U-frames 85
24. Coefficient apy for torsional restraint 2t supponts 61 42 U-frame joints : 85
25. Longitudinal stress in webs with 43. Curved members 87
transverse stiffeners 52 44 Gusset plates 88
26. Dispersal of load through a trangversely 45. Prying forcas a0
stiffened web 53 46, Maximum pitch of bohts and rvets 1]
27. Bearing stiffeners 65  47. Fastener force towsnrls edge of parl 93
28, Segments of transverse members 48. Pin plates ¥}
continuous gver three or more webs 57 48. Long connections a5
29. Buckling coefficient & for transverse members 59 5{. Intermittent fillet welds 96
30. Intemal intermediste cross frames in box girders 60 51. End connections by fillet welkds g7
31. Geometric notation for diaphragms 61 52. Welds with packings a7
32. Openings in stiffened diaphragms 63 53. Effective throat of fillet weld a8
33. Reference point and notation for 64. Penetration of fillat weld a8
unstiffensd diaphragms 65 55 Stresses.in fillet weld 98
34. Load effects and notation for stiffened diaphragms $3  B6. Distrbution of Jongitudinal stress in the
35. Limitations on shape for compression members 72 flange of a beam 101
36. Coefficient X, for plate panels under direct 57. Longitudinal strésses due 1o restraint of
COMPrassion 74 torsianal wamping 103
37. Ultimate compressive stress o 75 5A. Distortional warping stress parameters 104
38. Battened members 77 54. Longitudinal stresses due to distortional warping 105
39. Met area 81 60. Distortional bending stress parameters 107
440. Pin-connected member 82 61. Transverse distortional moments 108
6i2. Coefficients for torsional buckling 109
Foreword Parl § waes published in 1979, the major decisions on
BS 5400 is 8 document combining codes of practice ta scope and approach having been taken some years
cover the design and construction of steel, concrete and previously. It is natural therefore that some differences will
compasite bridges and specifications for loads, matarials exist between Part 3 and Part 5.
and warkmanship. It comprises the following Parts: Part 3 has been drafied on the assumption that for the
Part 1  General statement design of steelwork in bridges with aither steel or concrete
Pat 2 Specification for loads L decks the mathods of global analysis and all the
Part 3  Code of practice for design of $teel bridges procedures for satistying the limit state criteria will be as
Part 4  Code of practice for design/of concrete prescribed in this Part. For beams Part 3 may be used
bridges without any madification in conjunction with those
Pat 5 Code of practice for design of composite provisions of Part § that are appticable to the properties of
brdges ) the composite siab and its connection 1o the stesl section.
Pan & :['::T'f'ca“o" for matelalg@REIRNOrkmansTTig Part 5 also contains optional provisions for increased
e . " . redistribution of longitudinal moments in compact
Part 7 Spec'f'catm.n for maserials ang workn'!anshup, members or for plastic analysis of continuous beams for
tc:nn:;en;e. reinforcement and prestressing the ultimate limit state, which cowid prove economical in
. . goma instances. These procedures require special
Part 8 Rmmm‘"#“'ms for mat?.nals and consideration of increased transverse deformations of the
workmanshiiagorcIGQEaiement and slab, which is not covered in Part 5, and of stability of the
. 9’?““&“’"9, téndans botiom fiange, which is not covered in Part 3: they
Par 8 Bnd;_;a bearings . . should not be used unless proper account is taken of
Section 8.1 C?de of practice for design of thesa considerations.
bridge bearings R . .
Sectien 8.2 Spacification for materials, 11 will be noted that more serviceability checks are
manufacture and installation of required lor composite than for stee! bridges. This
bridge bearings difference is due 1o the special characteristics of
Part 10 / Code of practice for fatigue composite construction. such as thg large shape factor of
In the drafting of BS 5400 important changes have been  Cer1ain composite sections; the addition of stresses in a
made infrespect of ioading and environmental assump- two-phase steucture (Dsre steel/wet concrete and
tions, design phitosophy, load faclors, service stresses and oomposnt_e): and the effects of shrinkage and termperature
structursl analysis. Furlhemmaore, recourse has been made on the girders and on the shear connectors.
10 recent theoretical and axparmental research and several The method given in 4.1.3{a) of Part 5 should not be
design studies have been made on componants and on used, when the refationship between loading and {oad
complete bridges. effects is non linear, and the values of 4y, for structural
{1 is to be expected that as design experience of different stee! given in 1able 1 of Part 5 should not be used and
bridge types is sccumulated, further modifications will be reference made to table 2 of Part 3.
required. it is intended to revise Paris 3 and 5 to coordinate them
The relationship between Part 3 and Part 5. The fully after there has been sufficient experience of their
designinf composite bridges requires the combined use of  application.
Fart 5 and Part 3 of BS 5400,
*In course of preparation.
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British Standard

Steel, concrete and composite bridges

Part 3. Code of practice for design of steel bridges

1. Seope
This Part of this British Standard gives recommendations

for the design of structursl steelwork in bridges.

After stating general recommendations, procedures are
given for the design of steelwork components, assemblies
and connactions. Such procedures are applicable to
steelwork which is to be fabricated and erected in
accordance with Part B. Recommendations for design
against fatigue are contained in Part 1. Recom-
mendations Jor design of concrate components and shear
connectors for their interaction with steelwork are
contained in Part 5. The partial factors of safety given are
approptiate only for bridges designed to this standard.

Hybrid construction, using materials of different yield
stress, is not generally within 1he scope of this Pan.

Parapets, safety fences and other ancillary items afe not
within the scope of this Part.

2. References
The titles of the standards publications refered to in this
Pant of 1his standard are lisied in the inside back cover.

3. Definitions and symbols

3.1 Definitions. For the purposes of this Part of this
British Standard the definitions given in Part 1 apply. For
the sake of clarity the factors which together compnse the
partial safety factor for loads arg restated as follows.

design loads, Design loads are the loads obtained by
multiplying the nominal loads by yi., the partial safety
factor for boads. yyy_ is a functicn of two individual factors.
vn &nd (o, which take account of the following:

11, the possible unfavourable deviations in load from
those considered in denving their.nominal values
y42. the reduced probability that, with combinations of
toad, the individuzl Joads would ali be attheir nominal
walues.
The relevant values of the function y¢ {=Y11712) 8re
given in Pary2. The facter 3 takes account of inaccurate
assessment/of effects of loading, unforeseen stress
distribution in the struciure, variationyin dimensional
accutacy schieved in'construction and the impornance of
the limit $tate being considered.
The svalues ofiy5 are given in 4.3.3.
3.2 Symbals
3.2.1 General The symbols used in this Pan of this
British Standardiare as given in 2.2.2 and 3.2.3. Main
symbaols are given in 3.2.2 and suhscripts are given

in 3.2.3. Symbols are further clarified, 8s appropriate, in
the 1ext. Some additional symbaols arewsed in the
appendices.

4.2.2 Main symbois

A Cross-sectional area

Ag Area of box enclosed by perimeter

L Length of panei; longitudinal spacing of
transverse stitfeners

Overall width; spacing of beams

Width of pane); width of element; transverse
wpacing of longitudinal stiffeners
Weld shrinkage coefficient

Charpy energy absorpiion

Centres of bearings

Overall depth; overasl diameter

Depth ef element. diameter of element
Modulus of elasticity

Eccentricity; offset; exponential function = 2.7183
Internal force

Prestress force

Rotational flexibiltty; force per unit length or
width

Shear modulus of elasticity

Throat thickness of weld, gauge of holes
Prying force

Height of eiement

Second moment of area

Factor, as defined in taxt

Torsional constant

Width of bearing pad contact

Buckling coefficient

Factor, as defined in text

Span; overall length

Length of elemant

Moment

Ratig, as defined in text

Number of friction interfaces

Number, as defined in text

Applied lorce

Penetration of weld

Shear force in disphragms and battens
Shear flow

Reaction; radius of curvature

Radius of gyration

Shape factor

Spacing

Torque of torsional moment

Thickness of plate or section
Temperalure

Shear force in webs

ooy

<
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BD 56/94 THE ASSESSMENT OF STEEL HIGHWAY BRIDGES AND STRUCTUR
ANNEX A AMENDMENTS TO BS 5400: PART 3: 1982 AND APPENDIX

1. Scope

Delete the existing text and substitute the following:

This Standard shall be used for the assessment of steel

highway bridges and their structural components. The

assessment additions contained in this document

extend the existing Code to cater for the majority of

existing steel highway bridges.

In assessment, hybrid construction shall be dealt wit
by taking due account of the different levels of yiel
stress in all aspects of the assessment.

2. References

Add at end:

Additional references are given in App
accompanying Advice Note BA 56 (D
These relate to specific references
added text, as well as listing other
the general interpretation of Part 3 in th
assessment.

November 1996 v A17
o



Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Annex A

Volume 3 Section 4
Part 11 BD 56/96

BS 5400 : Part 3 : 1982

Factors, as defined in text

TFotal uniform load

Width of element

Distance longitudinally along member
Distance from neutral axis or centroid
Section modulus

Ratio of stitfener/flange area
Coefficient for torsional restraint
Siope of web to vertical

yeL. i3 Partial ioad factors

Ym- Ymi. Ym2 Partial material factors

&
<

N"(’!;E

=
-

b1 -]

4 Imperfection to be assumed

& Flexibility {deflection per unit force)

2] Rotation (rad)

fa Slope (degrees)

A Siendemess parameter

At Slendemness paramater for lateral torsional
buckling

I Slip factor

v Poisson’s ratio

n 314186

P Proportion, as defined in text

x Sum

[ Direct stress

oy Nominal yield stress (N/mm?)

T Shear stress

7o Shear stress at onset of tension field action

Ty Shear yield stress

'] Panel aspect ratio

V] Effective breadth ratio

n & Factors, as defined in text

3.2.3 Subscripts

axial

cross beamns; bending; bearing, battens
box; beam

cantilever; compressive
diaphragm

design resistance

effective; equivalen?

Euler buckling

flange

gusset

horizontal; hole

buckling; instability

compact member

stocky member

limiting

integer value to be taken, 1 1o n
stiffener putstand

plastic; lacing

shear

reference value

stiftener

tensile

torsion

U-frame

vertical

web; weld

about X-X axis

about Y-Y axis

centroid of plate

normal; longitudinal; pimary
transverse; horizontal; secondary
or 1 to 5 distinguishing subscript, as defined in text

RN "0 gaDoy X" "m0 T o

4. Design objectives

4.1 General. The objectives of design shall be those
stated in Part 1.

4.2 Limit states

4.,2.1 Ultimate limit state. All structural steebwork
should be checked for.compliance with the recom-
mendations of this Part in relation to the vltimate limit
state.

4.2.2 Servicaabijlity limit state. Structural steelwork
should be considered to have reached the serviceability
timit state if either:

(a) deformation has occurred in ONe or more com-
ponents Or connections such as to cause either
excessive pemmnanant deflection; or damage to finishes
or to protective coatings; or
{b) buckling of one/or mare elements has occurred to
such an extent that the maximum stress exceeds the
yield stress, and excessive deformation oceurs due to
spread ol plasticity.
Except where otherwise stated in this Part, structural
steelwork may be deemed to satisty the serviceability limit
state if it hes beerndesigned in accordance with the
provisions of this Part for the ultimate limit state.
A list/of clauses requiring 2 separate check at the
saerviceability limit state is given in table 1.

Table 1. Clauses requiring serviceability check

Clause hems and considerstion requiring servicsability chack

9.2.3.1 Flange panel when maximum longitudinal
stress is more than 1.67 times the mean
longitudinal stress

955 Whole bearn cross section, without
redistribution, when yielding of tension
flange occurs at a lower loading than the
buckling or yielding of the compression
flange and redistribution of tension flange
stresses is assumed for the uitimate limit

) state

99.8 Unsymmetric sections

9.10.3.3 Stiffened flanges subjected to local bending
when local bending stresses are neglected
for the ultimate limit state

12.2.3 Cornpression members in trusses that are

not compact, or certain compression
members having length to width ratios of
less than 12 for chord members and less
than 24 for web members

14.5.4.1.2 | Connections made with HSFG bolts when
the capacity used for the ultimate limit state
is based on the shear or bearing capacities
of the HSFG bolts and the lower of these is
in excess of the friction capacity

'y. November 1996
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Add new Clause 3.2.4: 4.2.2 Serviceability limit state

3.2.4 Symbols used in assessment In Table 1, against 9.2.3:1-delete‘1:67" and insert
1.

The main symbols and subscripts used for assessment

are generally in accordance w&t2.3and3.2.4 Add the following NOTE under Tableh:

However, some additional symbols are needed for
assessment which are defined in the text as they ocCNiOTE 1. Clause@2:2.3and14.5.4.1.2

When calculated deflections due to bolt slip do not
4.1 General cause unserviceabilityyas definedig.2 the
serviceabilitylimit criterion need not apply.
Add at end:
_ - NOTE 2. GENERAL
The loading for assessment of existing bridges shall g, thefgases,where additional serviceability checks
in accordance with BD 21 (DMRB 3.4.3). are required according to individual assessment

o circumstances/are set out in the relevant clauses.
The objectives and procedures for assessment of

existing bridges shall be in accordance with BD 21
(DMRB 3.4.3). The compliance criteria for
assessment of structural steelwork in existing bridges
shall be in accordance with this part as supplemented
by the clause additions for assessment. Where other
documents are used for derivation of load effects,
analysis or other objectives, the principles and
requirements of this Part shall still be applied unless
specifically stated otherwise. Further guidance notes
on assessment objectives and procedures are given in
the accompanying Advice Note BA 56

(DMRB 3.4.11).

Inspections for assessment shall follow the
recommendations of Appendix | as well‘as “The
Bridge Inspection Guide” (HMSO 1984).
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4.2.3 Fatigue. The fatigue endurance should be in ¥m2 is the partial factor for modelling uncertainties and
accordance with the recommendations of Part 10, other variables in the fomulae for design resistance.
4.3.3 Values of partial safety factors. The values of
partial safety faciors are as follows:
yiL the values of y), are given in Pan 2 for each type
and combination of foading
yi3 the factor yi3 indhis Partshall be taken as 1.1 for

4.3 Partial safety factors to be used

4.3.1 General. For a satisfactory design of the structure,
the provisions given in Part 1 shauld be met using the
format set out in 4.3.2 of this Part.

4.3.2 Safety factor format. Stresses shall be calculated the uhtimate limit stale and 1.0 fonthe serviceability
from the effects of 3 Q). {imit state
The safety factor format to be used in applying this Pan is: ¥ms- Yz fOr t‘he s?ke of simp!if‘:ity ﬂ?e expressions for
1 . .strength in this, Part contain a single factor
(the effects of 3¢ O}) € ———— [(func“o"_ Gy af‘d mher)] Yk = 71 Tm2). Velues of the factor to be used
7t37m1¥m2 | \geometric veriables whers y, is explicitly shown in the design strangth

where eguations in this Pan are given in table 2.
iLye3 and O, are as described in Part 1 :
#m1 15 the partial factor on the characieristic yield
stress gy

Table 2. Partial safety factors, v =y, .7,
{a) Utimate limit state

Where explicitly expressed in a strength requirement in this Part. ¥, shall
be taken as 1.05, except in the following clavses for which the appropriate
valueof y, istabulated :

Structural componant and bahevicur Clausas Ym
Bending resistance of beams related 1o | 9.9.1.2, 9.5.1.3(a).
the limiting compressive stress except 9.9.3.1; 9.9.5.3(a).
for a composite beam section where the | 9,10.7.1(a) .20
steel and concrete compasite flange is in
compression for which y,=1.05
Buckling resistance of stiffeners 9.10:2.3(a} and b},
: 91152, 8.13.5.3,
9.13.6, 9.14.93, 1.20
9.17.6.7, 9.17.7.3.2,
9.17.8
Fasteners in tension 14.5.3.2, 14.5.3.3, 1.20
14.5.35 ‘
Fasteners in shear 145.3.4 1.0
Friction capacity of HSFG bolts 14.5.4.2 1.30
Welds 14,6.3.11.1,14.6.3.11.2
- hag.3.11.3 1.20

(b} Serviceability limt state

Where explicitly expressed in a strength requirement in this Part, v, shall
be taken as 1.00, except.in the following clause for which the appropriate
value of y,{is tabulated.

5  comp and bahevi Clausa Ym
Friction capacity of HSFG bolts 14.5.4.2 1.20

NOTE. Any other ctause making cross-refsrence to any of the sbove clauses should
incorporate the appropriale ¥p factor tabulated,
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4.3 Partial safety factors to be used

Add the following text under (a) in Table 2:

Structural Components and Clauses A
Behaviour
Compression members 10.6.1.1 0.95 sl 8
10.6.3 (L/r+5)
but not greater than 1.05

4.3.3 Val f partial safety factor =
3.3 Values of partial safety factors m = m s mik

Add at end: _
m. - ms{ s

Where alternative methods of calculating strength

or resistance are used the value of resistance shall bmtests The mean value of the ratios

taken as: for each test between the resistance
predicted using the proposed method and

[the predicted resistancej/ v, the measured resistance

where m,, = The standard deviation of the ratios for
each test between the resistance predicted
Yom in Table 2 is replaced by: using the proposed method and the
measured resistance
— 2
Vi = (1.05+26.50) Mg, Kk = A correction factor obtained from
Table 4.3A in which n is the number of
tests.

n 2* 3* 4 5 6 7 8 9 10 11
k 4.47 1.69 1.18 0.95 0.82 0.73 0.67 0.62 0.58 0.55

n 12 13 14 15 16 17 18 19 20 21
k 0.52 0.49 0.47 0.45 0.44 0.42 0.41 0.40 0.39 0.39

n 22 23 24 25 31 41 61 121 o
k 0.37 0.36 0.35 0.34 0.31 0.26 0.21 0.15 0.00

NOTE: * The use.of less than five tests is not recommended.

Table 4.3A. Sample standard deviation correction factor k

9
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4.4 Structural support. Provision should be made in
the design for the transmission of vertical, longitusdinal
and lateral forces 10 the bearings and supporting
structures.

4.5 Corrosion resistance and protection

4.5.1 General. The basis for the design of components
contained in this Part makes no allowance for any loss of
materisl due to corrosion. All steetwork should be
designed and detailed to minimize the risk of comosion.

Al parts should be accessible for inspection, cleaning and
painting, or should be effectively sealed agamst corosion.
Where these methods are not possible, either the surface
of the steel should be given a system of protective coating
selected with due regard 1o the design Fife of the pan.
together with an additional thickness of steel in
sccordance with 4.5.5.1, or the stesl used should have
cofrosion resistant properties suitable for the design
environment. Road decks, whether of steel or concrete,
should be waterproofed and so designed as to protect
supporting steelwork from corrosive attack by salt from
the moad surface.

4.5.2 Provision of drainage. Drainage should be
provided wherever water may collect and should be
designed to carry the water 10 a point ciear of the
underside of adjacent parts of the structure.

4.5.3 Sealing. Box members and other hollow sections
without access for inlernal inspaction and maintenance
should be effectively sealed against corrosion (e.g. by
conlinupus welding).

Box members and other hollow sactions accessible for
maintenance should be provided with intemnal protection
against corfosion unless measures are taken to ensure that
they are airtight.

Box members designed to be completely airight should
be checked for structurg! adequacy under intemal and
external pressure gue 1o changes inthe temperature of the
air inside the enclosed space and 1o changes in the
pressure of the extamal atmosphara.

4.5.4 Nerrow gaps and spaces.To pemnit inspection
and maintenance, the clear space between parts not in
contact should not be less than one-sixth of the width of
the face of the smaller pan, or 10mm, whichever is the
graater. Aternatively. steel packing should be inserted to
fill the snace. Where this is impracticable then a sealant
shouid be used.

455 Thickness/of steel with inaccessible surfaces

4.5.5.1 Where required by 85,1, inaccessible surfaces of
seel showld bé provided with anextra thickness based on
an estimate of probable corrosion. For & design life of 120
years, this provision may be considered ta ba met if the
following/extra thickness is provided at each inaccessible
surface;

{a} at industrial or marine sites, 6 mm;

{b} a1 ciher inland sites. 4 mm;

{c} where free drainage cannot be ensured, 1 mm, in

addition to the excess under (a) and (b).
NOTE. This provision need not apply to surfaces in contact, the
#dges of whith are effectively sealed against comosion.
4.5.5.2 Sealed hollow sections should not be less than
5mm thick. For such components with a design life not
greater than 50 years this value may be reduced to 4 mm.

1c

4.6 Clearance gauges. Specified clearance pauges
should be maintained without encroachment by any part
of the structure under the action of load combination 1,
specified in 4.4.7 of Pan 2 of BS 5400:1978 for the
serviceabslity limit state.

b. Limitations on construction and
workmanship

5.1 Workmanship. The design rulés given in this Pan
are appropriate only to bridges fabricated and arected in
accordance with Pant 6.

5.2 Robustness. Componenisshould be sufficiently
robust 10 facilitate handling and prevent accidental
damage.in senvice. Consideration should also be given 1o
the possibility of vibration due to serodynamic excitation
of axposed slender members.

6.3 Handling and transport. Components should be
designed with due regard to the limitations on shop and
site handling capacity and to transpott restrictions on bulk
andfor weight.

5.4 Camposite steel/concrete construction. Where
steel construction'is used in conjunction with concrete,
COMPOsite action may be assumed provided that the
design is in accardance with Part 5.

5.5 Built-up members. The elements of any member
built-up from parts should be joined by connections
providing the rigidity assumed in design and sufficient 1o
transrmt 8l appropriate intemal and external forces in
accordance with the relevant clauses of this Part,

5.6 Diaphrapms and fixings required during
construction. When, in addition to any diaphragms
required for the proper functioning of the completed
structure, diaphragms, bracings. brackets and cleats are
provided to facilitare tabrication, transport and erection,
the effects of such components on the adequacy of the
structure in service {particularly in relation to fatigue)
should be considered.

5.7 Camber. The structure may need 1o be cambered in
order 10 satisfy the provisions of 4,6 or 10 achieve a
satisfactory appearance of the bridge. in this connection a
sagging deflection of a nominally straight soffit

of 1/8001h of the span shouid not be exceeded. The
cambered shape of the structure under the action of the
actoal dead and superimposed dead Icads should be as
specifiad or spproved by the Engineer.

5.8 End connections of baams. Where the end of a
beam is required 1o be free to rotate, due sllowance for
the movement should be made in the detailed design.
Where the end of a beam is restrained by its connection to
adjacent parts of the structure, account should be taken of
tha resulting moment when designing the end of the
beam, the conneclion and the adjacent parts of the
struciure,

5.9 Support cross beams. Where a deck is supported
on ¢ross beams, no part of 1the deck should rest directly
o a pier or sbutment but should be supported by eross
bearns in the appropriate positions,
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4.5.1 General composite action shall be assumed only when the

strength of the shear connection between the materials
Add at end: complies with the relevant ultimate limit state

provisions of BD 16 (DMRB 1.3) and the strength of
Where an existing bridge has inaccessible surfaces ahé concrete parts using BD 44 (DMRB 3.4). No
does not comply with 4.5.5.1 or 4.5.5.2 as appropriammposite action shall be assumed when the details of
an assessment of any existing corrosion losses at theshear connection are not known except as described in
inaccessible surfaces shall be made in accordance Wal8.
Appendix | and either allowance be made in strength
assessment for existing and future losses in accordaMibere plastic methods of glebal analysis are used in
with 8.7 or remedial action taken to reinforce the assessment (see 7.4)of structures in which all or some
damaged part and to reliably protect it against of the members are of composite construction the
corrosion. assessor shall satisfyshimself that the concrete has a

.. sufficient strain plateauto permit the development and
No allowance need normally be made for corrosion in

carving out the alobal analvsis to determine the sustainingefyield line plastic moments in reinforced
ying globa y concrete slabs, or plasticmoments in composite beams
moments and forces in the structures.

in which the concrete Is'in compression. Bridges
constructed with concrete complying with the
workmanship clauses of the Specification for Highway
Works (MCHW: 1) will satisfy this requirement.

4.5.2 Provision of drainage

Add at end:

In assessment of existing sealed box members and 5.5 Built-up members
other hollow sections checks shall be undertaken to
determine whether water has collected in them. [f* Add at end
necessary water shall be drained.
In assessment of such members which do not comply
4.5.3 Sealing with the design standard the connections of their
elements shall comply with section 14.
The first two paragraphs are not applicable to
assessment. 5.6 Diaphragms and fixings required during
construction
4.5.4 Narrow gaps and spaces
Add at end:
Not applicable to assessment.
In assessment of existing structures the possible effects

5.1 Workmanship of any residual defect or other permanent change
resulting from the removal of temporary attachments
Add at end: shall be taken into account.

In the assessment of existing structures allowance 5.7 Camber
shall be made for geemetric and otherimperfections in

accordance with 8.5. Not applicable to assessment.

5.2 Robustness 5.9 Support cross beams

Not applicable torassessment. Add at end:

5.4 Composite steel/concrete construction Where in an existing bridge a deck is supported on
cross beams and also directly on one or more supports

Add at end: at a pier or abutment due account shall be taken in the

analysis of the total support system and any restraints
In assessment of bridges of such construction 10 which it provides.
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&. Properties of materniats

6.1 Performance. The mechanical properties of materials
required by the Engineer are to be specified in accardance
with Pan 6.

6.7 Bominal yicld stress, The nominal  yield stress
o, for steel supplied to a stardard grade conglying
with the requirecents of BS EN 10 025 or BS 4350  and
tested in accardance with those standards, should be
taken as:

-
it

85 5400 : Pant 3 : 1982

Where use is made of plastic methods of design which
pemnit redisiribution of bending/etfects, the ductilityof the
steel used should not be kess than that specified in

8S EN 10 025 or BS 4380,

£.5 Notch toughness

6.5.1 General. Any part whigh is 1o be subjected 10
apphied tensile stress eithers during eréction or in service
should be in accordance with the simple provisions

of 6.5.4, or with the fuiller enéngy absarption provisions
of 6.5.5,

It applying either 6.5.4 or G5 5. the design minimum
temperature, L {in “C), detesmined in accordance

with 6.5.2, should be used, and the part should e
cfassified in accordance withp6. 5.3,

; Steel grade in Yiald szrength ay. for thickness (in mm)
up to and | over B3 up to | over 100 up o
BS EN 10 025| BS 4360 including | and dncluding | and dncluding
&3 100 ! 150
N/ mm® N/mm’ i N/mm*
Fe 360 a0 22% 215 1 155 |
Fe 430 43 265 245 | 225 |
Fe 510 S0 355 325 | 295
55 450 400 | -
| R S0 338 ! -
L.

When steel to specifications other than B3 EN 10 025 ar
BS 4360 is used the nominal yield stress should be taken
as:

o
1 - _t (o -k, = standard doviations {rom a H
woi ™ F -

where

Fy is the poroentage tolerance below the
specified thickness pormitted by the
relevant British Standard for matsrial
for the ralevant thickness

d is the mean yield stress of material of
the relevant thickress.

is the coefficient as given in Table 7
of BS 2B846:Part 311975, using  the
confidence level

{1 - af} = 0.5  and the
proportian  of  the population F =
0.95.

8.3 Uitimate tensile stress. The ultimate tensile stress
of steel plates and sections of steel not complying with

the requiremonts of B5 EN 100025 or BS 4360 should be
not less than 1.4/ when o <3900 H/nm’, nor less than
1,20, when o 2390 Won®, ¥

where
g, is the ngminal yield stress of the manenal.

6.4 Ductility. Steel used in 8 bridge designed in
accordance with this Part should Bave a ductility not less
than that correspanding to an elangation of 15%, based
on the standard gauge length of 200 mm. Steels
compling with the requircments of 85 FN 10 025 or

BS 4360 watisfy this mewacarsndation.

NOTE. If ductility is wested with other gaoge iengths, the
observed value should be converted 10 an eguivalent ductihity for
a 200 mm gaugedength in accardance with BS 3854,

11

Special consideration is required where the geometrical
shape is such as to induce large cancentrations of stress
{see 6.5.6).

6.5.2 Design minimum temperature.The design
minimum temperature, Y (in "C), to be used when
applying either 6.5.4 or 6.5.5 shoold be as folhows:

{a} in a part of which the primary function is 10 resist
thermal movement, I = U, — 5;
(B} in alb cther pans, O = U,

where

U, is the minimum effective bridge temperature given in
Part 2 {in "C).

6.5.3 Classification. Each part subjected to applied
tensile stress should be classified as type 1 or type 2 as
tollonars.
{a) Type 7. Any pant which is subjected to applied
principal tensile stress at the ultimate timit state
{ignoring geometric stress cancentrations) greater than
100 N/mm2, and which, in addition, has either

{1) any welded connection or attachment; ar

{2) welded repair of surface defects and has not been
subsequently inspected by crack detection of at laast
a 10% randam samgle; or

(3} punched holes which have not been subsequently
eamed.

(bY fype 2. All parts subgected to applied tensile stress
and which are not of type 1.

6.5.4 Simple provisions. To simplify selection, Yimiting
thicknesses for certain steels complying with the
requirements of Ba £ 10 G258 or BS 4360, to give the
required ensray ebsorption, are given i tabie 3.

for the wse of greater thicknesses of these stesis.
the provisions of B.5.5 should be met,

l!nless dealt with in accordance with 6.5.5:

(a8} no pan of lype 1 shall be thickar than the

appropnate limit given i table 3; .

{b) no part of type 2 shall be thicker 1than double the
apgropriate et given in table 3 nor exceed the
maxmmum thickness specidficd o BS EN 10 020 or BS 42000
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6.1 Performance.
Not applicable to assessment.
6.2 Nominal yield stress

Delete the contents of the existing Clause and
substitute as follows:

The nominal yield stress for assessment of existing
bridges shall be derived in accordance with
Appendix H.

6.3 Ultimate tensile stress

Add at end:

The ultimate tensile stress of tension elements and
their connections of steel not complying with BS EN

10 025, BS 4360, BS 15 or BS 968 shall be
established from mill test certificates or by tests on

equivalent to an elongation of 19% on.a gauge length
5.65V SO, where % is the original cross sectional area

of the test piece. In addition where a plastic method of
analysis is used the strain atthe ultimate tensile stress
shall be at least 20 times the strain.corresponding to
the yield stress.

6.5.2 Design minimum.temperature

Add at end:

For existing bridges the,assessment minimum
temperature shall be taken as the design minimum
temperature:

6.5.4 Simple provisions

Add at end:

In assessment of existing bridges components of B.S.
EN 120 025 or B.S. 4360 steels having thicknesses not

samples of the materials of the elements. The values gbater than the limiting thicknesses given in Table 3
the ultimate tensile stress for assessment of existing may be deemed to provide the required energy

structures shall be derived from the test data as for thgsgrpiion for Type 1. The limiting thicknesses for
values of yield stress in accordance with Appendix H-Type 2 may be taken as double the thicknesses given in

Where a plastic method of analysis is used in

assessment in accordance withthe steel inthe parts
assumed to have plastic capacity shall either comply.

with BS EN 10 025, BS 4360, BS 45 or.BS 968 or
shall have ultimate tensile stress not less thany1.4
Whenoy < 390 N/mm nor less than 1.<2y when

o, > 390 N/mnd

Wherecry is the nominal yield stress derived in
accordance'withvAppendix H.

6.4 Ductility
Add at end:
Where a plastic method of analysis is used in

accordance witfi.4 or where the plastic moment
capacity of a compact section is utilised or

Table 3.

redistribution of tension flange stresses is assumed, the

ductility of the steel shall be not less than the

11
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6.5.5 Energy absorption.Unless the simple provisions of
6.5.‘4 are adopted, the energy value C for steel used Lo
resist applied tensile stress should not be less than:

(a) 18 joules or

{b) for type 1. { [—-— l (1n _]m'lps} uhrﬁ

355 = 355 Nfmm™

—--:'-r ] [ {in joulen) when
o » 355 M/mm’
¥
{in joules) <hen

355 (7] 9, 5 355 Nfmm®

for type 2.

(in iooies) when

[ 355} ‘ 4 <, * 355 Nfmm’

whichewver iz the greater

where

c, iz the energy wvalua in dmpact tests
carried out at the design minimem
tomperature Ul (see £.5.2) in avoordance
with BS EN 10 025 or BS 4360.

a is the mominal yield stress appropriate

Y to the thickeess.

t iz the thicknass of the part {in mm).

Table 3.

of BS EN 10 025 or BS 4360,

{a} Plates, strip and wide flats.

656 Stress concentrations. The provisions ot 5.5.4
and 6.5.5 do not apply where severe geometrnic stiess
concentrations occur. e such/éases the matedsl should be

such that:
o
c, = {0.75+ 4 k )t ., tutrot less than
1000 a, 12 joules
wherne

C.. o, and t are asidefined in 6.5.5

k is the stress concentration factor.

g ig the applied mean primgipal 1easile stress at
the ultimate limit state.

HOTE Tha stress concentration factor is the ratio of the pesk
pincipal tensilasiress 1o the mean nrincipal tensile stress at
any section., Typical Stress concentation factors for openings
and nofches are given in Part 10, For example, 31 the junctions
brrween plated diaphragns and comers of box girders, & may
be token o5 2 6 for the adjacent flanges and webs. The
infléeneeraf stress concentrations inherent in

the make—up of welded joints, those arounc smail
holes and thase far bolts or rivets may o2 comsidered to
Fave been taken inte account in 6.9.4 ed 6.5.5,

Limiting thickness of certain steels, complying with the reguirements
for parts 4dn tensicn.

Grade in U=0°C |U— _»20°C‘U-_- u:-40°c'5u=—50°c
BS EN 10 025 and
BS 4360 Limiting thiCkness

nm un mim I I mm
Fel60B, Fed30B a 0 0 0 0 0
Fe360C, Fed30C 7 45 0 g 0 0
Fe360D1,Fe36002 | 150 125 75 45 0 0
FedloD1, Fe430D?
40EE, 43EE 75% 75% 75% 7 5% TR* 75%
FeS10B 0 0 4] 0 0 o]
Fe510¢ 55 25 0 a ¢ 0
FeS10D1,Fe51002 | 130 &5 55 35 a 0
Fe510DD1, 150 130 8s 55 3y 0
Fe510D02
50EE Ty 75 7o 75% 75% 55%
50F 40 40 40 40 40 10
55¢ 25 20 i} 0 0 0
SSEE 63 | 63%x | 63xx | 6ixx | S0xx | 35%w
558 40 49 49 40 4¢ 40
WRSOA 12 12 0 0 o | ¢
WRS(B 50 35 o ¢ 0 0
WR50C : 50 50 55 |35 (u =] o 0

1 _25°0) |
590 ma for wide flats
A% 30 mm for wide Tiats 12
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6.5.5 Energy Absorption
Add at end:

When Charpy tests have been undertaken at test
temperature piiffering from the assessment minimum
temperature (U) the results shall be extrapolated using
the temperature-impact-value relation in Note 4 to
Table 3, where T is redefined as the appropriate
temperature for the extrapolation, subject to the
following limitations:

(@) linear interpolation may be used within
the table,

(b)  maximum effective Cis 67 joules,
(c) If u-u exceeds 1€, G is O joules,
(d) U-U, not to exceed 30 C.

Table 3 Limiting thickness of certain steels,
complying with the requirements of BS EN 10 025
or BS 4360, for parts in tension

(a) Plates, strip and wide flats

Delete *' appended to the limiting thickness for grade
50EE and insert “**’

Delete **' appended to the limitingihickness for
grade 55EE and insert “*'.

Add new clause 6.5.7
6.5.7 Assessment of notch/toughness

Where in the assessment of the adequacy of the bridge
either the tensile components donot satisfy the
provisions 06.5.40r the impact energy,absorption
values for the tensile.components are unknown the
notch toughness ofthe material may be determined by
testing samples taken from non-critical parts of the
components and compliance demonstrated it

or 6.5.6as appropriate.

Where the notch toughness of the steel does not meet
the requirements @&.5.50r6.5.6the service and
loading. history of the bridge may be taken into
considerationwith the.agreement of the Overseeing
Organisation. Further guidelines are given in the

accompanying Advice Note.
12
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{b) GSections (pther than hollow secticns)

Grade in U=0°C ‘U=—10°C U=-20°C|U=-30°C U=—40°C\U=—50°C
ES EN 10 025 and
ES 4350 Limiting thickness

mm mm mm mim mm mm
Fel6DB,Fed30B a 0 4] 0 0 0
Felb0C,Fed30C 75 45 0 0 0 0
Fel60D1,Fel6in2 100 100 75 45 1]
Fed30D1,Fed30D2
40DD, 43DD 100 100 100 75 45 0
Feb108 0 0 ¢ 0 0 0
FeS10C 55 35 0 0 0 0
Fe510D1,Fe510D2 100 85 55 i5 0 0
Fe5100D1,Fe510DDZ| 100 100 85 55 5 0
S50E 100 100 100 85 55 35
55C 19 19 0 0 0 ¢
WR50A 12 12 0 0 0 0
WRS(B 50 35 0 0 0 0
WR50C 50 50 45 35 (U = ] 0

-25°C)

{c) Hollow sections

‘ U=0°C u=—10°c%u=-20°c\u=-3o°clu=-40°c§u=—50°c

gga%gsén Limit:ing thickness

e TR BN Kk
43D 40 40 40 10 0 0
43EE 40 4 40 40 40 40
500 40 35 g 0 0 g
50D 40 40 40 35 0 )
50EE 40 40 40 40 40 40
55C 25 20 0 0 0 0
55EE 25 25 25 25 25 25
55F 25 25 25 25 25 25
WRS0A 12 12 0 B 0 0
WR50B 40 35 0 D 0 0
WRS0C 40 40 40 135(U = 0 0

Z25°¢)

NOTE 1. A1 thicknasses given are for type 1 parts. Thicknesses may be doubled
for type 2 parts but should not exceed the mawimum thicknaess specified in
BS EN 10 025 or 8BS 4360,

NOTE 2. Inmterpalation for limiting thicknesses for intermediate temperatures 1s
permitted batween data in adjacent columns except whera one of the Hmiting
thicknesses s shown as zero, then the use of that grade of material for the
intermediate temparature i3 not permitted,

NOTE 3. Some of the thicknesses given are the limits set by the maximum
thickness specified 4n BS EN 10 025 or BS 4360, In the case of sections, for
which the maximum thickresses for soma grades are not specified, they are taken
as. those for plates. 7The option in BS 4360 for spacifying the impact value for
hollow section of grade 43C shauld be adopted.

BS 5400 : Part 3 : 1982
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BS 5400 :

MOTE 4, Limiting thicknesses given are derived using 6.5.5 for type 1 parts and
the following impact values:

Temperature {°C) Impact Value (joules)
T+ 30 67
T+ 20 54
T« 10 40
T 27

T-10 18
Where T is the test temparature given in BS EN 10 025 or BS 4360 for impact value
of 27 joules, exceot for grades FeSi0DDY and FeS10D02, where T is taken as =300,

6.6 Properties of steel. The following properties of
steel should be assumed in design:

modulus of elasticily, £ = 205000 N/mm?

shear modulus, G = 80000 N/mm?

Paisson's ratio, v = 0.3

coetficient of thermat expansion =12 x 10-6/C.

6.7 Modular ratio. Faor global analysis of bridges of

composite construction the modular ratio may be based
on the jong term value of the elastic moduius for conerete
unless stated atherwise in this Part. For stress analysis the
raodular ratin appropiiate 1o the stage of construction and
the type of loading should be adoptad.

A0 'y. November 1996
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BS 5400 : Part 3: 1982

7. Global analysis for 1oad effects L is the span ol @ beam between cesntres of suppor, or
in tha case of 3 camilever beam, between the

7.1 General. The global analysis of the structure should support and the free end

be in accordance with Part 1 ustng an efastic method of a = (0 if there are no stiffeners on the lfange within

analysis. For structures in which the load etfects are not the width b in the span direction, otharwise

propontional to the loads andfor the sacondary effects dus sectional ares of flange stitfeners inwidth &

to defarmation are significant, the methed of analysis a =

. . - sectional area of flange plate in width b
should be suitable for treatment of non-linear behavicur. ect ) .
Values of  for intarmediate values of »/L and « and for

7.2 Sectional properties. The sectional properties to be  intermediate positions in the span may be obtained by

used in global anatysis should generally be calculated for  linear interpolation.

the gross section assuming the specified sizes. For beams Tha value of + at an interior support should be taken as
or trusses on flexibie supports or cable stayed. account the mean of the values obtained for adjacent spans.
shouid, however, ba taken of the influence of shear lag on  £or ond spans of continuous beams the effective breadth
their stiffnesses. The effect of shear lag should also be ratios may be obtained BY treating the end span as a
taken into account in analysis of conditions during propped cantilaver of the same span.

ersction of continupus girders of box construction or with

For the purpose of calculating deflections of beams the
values of y given intables 4, 5, 6 and 7 and in

appendix A for the quarter-span sections may be adopted
foz-all sections in the span.

For intermediate structures, for point loads and for

8.1 Longitudinal stresses in beams, The distribution of combinations of point and distiibuted loads, not
longitudinai stress batwesn the flanges and web or webs specifically coveredrabove, the effective breadth ratios
of a beam may ba caiculated on the assumption that plapne may he determined by the methods given in appandix A.
sections remain plane, but using the sffective widths of

fianges and the effective thickness of a deep wab in Table 4. Efective breadth ratio y for simply
accordance with B.2 and 9.4.2.5, respactively. No further  supported beams

account need be taken of deformation of plating out of its
plane. In compaosite construction the area of congrete in a
tansile zone shall be ignored (see 3.3.2.7). 2=0 | a=t | a=0 | a=1 a=0—[ z=1
Subject to the provisions of 9.5.4, plate pangis in webs
may be assumed to shed 2 proportion of thair forgitudinal
stresses ta the flanges,

integral decks.

8. Stress analysis

Mid-span duarter-span Suppart

r=lo

0.00 1.00 1.00 }1.00 .00 | 3.00 | 1.00
0.08 0.58 097 (098 | 086 | 084 | 077
.10 D95 1§ 089 | 0.93 D86 | 0.70 |} Q.60
0.20 0.1 0.7 | 0.77 0.62 | 052 | 038
0.30 0.66 0.47 1 0.61 044 | 040 | 028
0.40 050 | 035 (048 | 032 032 | 022
0.50 0.38 028 | 036 [ 025 027 0.18
0.75 c.22 017 {020 {046 | 0.7 | 0.2
1.00 016 | 032 (G35 | 031 |02 | 0.09

8.2 Allowance for shear lag. Where, in order to meet
the provisions of 9.2.3, the effect ofin-plane shear
tlexibility (i.e. shear lag) is to be allowed for in cailculating
the stress in a flange, an equivalent flange may be
assumed 1o have an effective breadth egual to the sum of

the efective breadths of the pontions of flange on each
side of the web. The effective breadth, &, of aach portion
should be taken as: Table 5. Effective breadth ratio  for interior spans

{a) b for portions between webs of continuous beams

where

Mid-span Quartes-span Support

b is half the distanca between centres of webs, a=0 | a=1 | a=0 | a=1 | a=0 | a=1
measured aleng the mid-piane of the flange piate:

{2 kb for portions projecting béyond an outer web

o

0.00 1.00 1.00 1.00 1.00 1.00 1.00
.05 0.96 0.91 0.8 0.76 0.58 0.50
where 0.0 oB6 | 072 | 068 | 055 | 0.41 0.32
& is the'distance from the free edge of the projecting .20 0.58 040 | 0.42 0.31 0.24 0.17
portien to tha centre of the outer web, measured 0.30 0.38 0.27 | 0.30 020 1015 | 013

aigng the mid-plane of tha flange plate 0.40 0.24 {018 (021 014 | 032 | 008
k=41 -0.15b/1) 0.50 020 | 0914 1016 | 041 |01 | 0.07
and where in {a) and (b) and in tables 4 1@ 7, 0.75 015 | 01¢ | 010 | 008 : 003 | 0.06

Lga 013 0.02 | 008 | 007 | 0.07 0,05

Y is ihe appropriate effective breadth ratio taken from
tables 4, 5, 8 or } for unifornly distributed loads
and which should be used for standard highway or
railway |oading as specified in Pant 2, including
wieel and axle loads

14-
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7.1 General

Add at end:

(@
Alternatively, a plastic method of analysis may be used
in the assessment of beams in accordanceAmth

(b)

7.2 Sectional properties
Add at end: (c)

When in assessment of existing bridges allowance is to
be made for unintended composite action where
permitted irB.8the appropriate composite properties (d)
shall be used in global analysis.

Add new Clause 7.3:
7.3 Construction in stages

When in assessment of existing bridges the actual
construction sequence is known, that sequence shall be
used in the analysis. When the construction sequende)
is not known or is uncertain, a practicable segquence
shall be assumed which leads to maximum effects in
the structural element being considered. More than (f)
one such sequence may be required for a bridge, each
appropriate to different groups of structural elements:

Add new Clause 7.4
7.4 Plastic methods of analysis

If a plastic method is employed it shall take account of
all parts of the structure'which can participate in the
global response and shall be able.to follow the
progressive development of plastic hinges (in parts
which are essentially.linear in configuration) and of
yield lines (in parts which.are planar, including
reinforced concrete slabs in composite structures).
The method shall generally be in accordance with
8.2.1in Part 1.

14

Additionally, a plastic method of @analysis shall only be
used if:

The steel materials satisfy the appropriate
requirements/of.3and6.4.

The member cross sections satisfy the
requirements 9.3.8

The structureis assessed in addition for the
serviceability limit state using an elastic
methaod of analysis.

The.assessment of supports, supporting
structures, webs-and connections is based on
the.most onerous of the load effects derived
from plastic and elastic analysis respectively.
Where a plastic method is used consideration
shall be given to all adverse patterns of
loading and potential failure mechanisms to
determine those providing the least safety
margins.

Lateral restraint to plastic hinges is provided
as required i19.12.5

Slenderness of members satisfy the
requirements 3.7.6

November 1996
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Table 6, Effective breadth ratio y for propped
cantilever beams

Fimed end Crusrter-span nest

Fropped end
ficed end

o

a=0D a=1 a=0 a=1 a=10 a=1

0.00 1.00 1.00 | 1.00 1.00 1.00 1.00
005 | 062 0.54 } 1.00 1.00 079 | 0.70
0.1 [ 045 ) 038 |1.00 1.00 0.63 0.52
020 §D0.27 | 0.2% | 0.92 0.76 0.44 0.32
030 Q18 0.14 [ 072 0.52 033 | 023
040 | 0.33 0.10 | 0.46 0.35 024 | Q.18
053 | oM 0.08 | 031 0.25 0.19 | 013
075 | 010 0.07 | 0.1 0.6 02 0.09
w00 | 009 006 019 015 008 | 0.07

Table 7. Effective breadth ratic v for
cantilever beams

Fioced end -Apan Near

Chusertewr
fixed wnd

™ iy

a=0 a=1 a=0 a=1 a=0 o=1

0.00 1.00 1.00 [ 1.00 1.00 1.00 1.00
005 | 082 0728 | 1.00 1.00 092 § 0.88
010 | 068 061 1.00 1.60 0.84 0.77
0.20 052 0.44 | 1.00 1.00 0.30 | 0.60
030 | 042 0.35 | 0.95 0.90 060 {048
0.40 | 035 028 ) 0.88 a.75 0.52 G.28
0.50 | 0.30 025 | 0.Y6 0.62 0.40 | 033
075 | 022 |08 | 052 0.38 0.34 | 0.23
.00 ;098 | 0124 | D38 .27 0.27 0.18

8.3 Distortion and warping stresses in box girdars.
Stresses in 2 box girder due to transverse bending of the
walls of the box and torsional and distertional warping,
should, where required by 9.2.1.2, be calculated by lincar
elastic analysis. The simplified procedure given in
appendix B may be used for highway bridges designed for
loading in accerdance with Pait 20

8.4 Shear stresses. The design values of shear stress in
webs of rolled or fabricated i, box or channel sections
may be calculated in accardance with 9.5.7. Shear
stresses in other secticng should be computed frem the
whole cross section Having régard to the distribution of
flexural stress acrass the seclion.

8.5 Imperfections

8.5.1 Imperfections allowed for, The design strengths
given in this Part may beassumed to have made
allowance forthe following tolarances whare these apply:

{a) bearing misalignment in plan)errors in leve! of
single bearing or in the mean level of more than one
bearing 21 any support, and bearing inclination within
the wolerances given in Pan 9%, :

(b} imperfect 1ainess and straightness of compression
members and of stitfened and unstiffenad plate panels
within the tolerances given in Part B,

"In coursa of preparathon.

BS 5400 : Part 3 ; 1982

8.5.2 Imperfections to be affowad for separately
B.5.2.1 Torsionally stiff girders. Imperfections incommon
planarity of bearings should be allowed for inthe analysis
of torsional moments and reactions for torsionally stiff
superstructures and should be compatible with 1olerances,
which the designer shouid spacify, and the construction
method and sequence/used.

8.5.2.2 Columns. Where a ¢olumn is supported on a
rocker bearing, the following eccentiicities should be
added to any calculated eccentricity of the bearing
reaction;
{2) For a flat-topped rocker bearing in contact with flat
bearing surface beneath column: hall the width of the
flat bearing surface plus 10 mm;
{b) For a radiused rocker bearing:,3 mm if the besring is
attached 16 the end of the column during fabrication in
a position that is nominally central and 10 mm in all
other cases,

8.6 Residual stresses. The design strengths given in this
Part may be deemed o allow tor residual siresses due 10
solling. handling and transportation, and from those
arising from nomal welding procedures.

In order to make aliowance for the refaxation of residual
stressés due 1o welding when estimating deflections
during erection, or on first Joading. the effective area A, of
a flangein tension should, for this purpose, be 1aken as;

cA,
A= A{1 -
y f( Uv’q')

where

A, is the gross-sectional area of flange in tension,
inclusive of longitudinal stiffeners

A, s the volume of longitudinal weld per unit length
of flange

£ is a weld shrinkage coefficient and may be taken
as 7000 N/mm2

oy is the nominat vield stress of the flange material.

9. Design of beams

9.1 General. Beams are defined as members with solid
webhs {or with openings in accordance with 8.3.3),
subjected primanly 1o bending, including members of
rolled and hollow section, plate girders and box girders.
9.2 Limit states

9.2.% Ultimate limit state

9.2.1.1 General. Beams should be designed 1o satisfy the
provisions of clause 9 1or the ultimate limit state,

9.2.1.2 Effects to be considered. The effects at the

ultimate YVimit state should be obtained for relevant
combinations of:

{a} flexure, shear and torsion due 1o any loads
transverse 1o 1he ongitudinal axis of the member;
(b} the effects of axial load;

{c) creep, shrinkage and diHfgrential temperature (see
Part § for composite structures);

{d) settlernent of suppons.
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8.3 Distortion and warping stresses in box girders  8.5.2.1 Torsionally stiff girders
Add at end: Add at end:

Where the stiffness does not comply with such For assessments impeérfections in.common planarity of

requirements (of Appendix B) distortional and warpindpearings shall be assumed to be 1.2 times the

stresses shall be calculated (where requirctihy.d tolerances specified fora bridge or 1.2 times the

by means of analysis of a finite element plate model amperfections recorded in as-built information. In the

the box girder and its diaphragms of sufficient extent absence of such specification or records the

to ensure that the effects calculated are insensitive tamperfections shall be. measured during preliminary

assumed end conditions. inspectionsas described.in Appendix | and adopted in
analysis of load effects. The factor of 1.2 is embodied
into the relevant assessment additions, and should only

8.5.1 Imperfections allowed for be varied\with the agreement of the Overseeing
Organisation where themnature of the survey so
Add at end: warrants.

For bridges which do not comply with the specification

requirements of Parts 6 and 9, bearing misalignment8.5.2.2 Columns

errors in level, bearing inclination, and imperfections

in flatness and straightness shall be determined by ~Add at end:

inspections when required and as described in

Appendix | and taken into account in strength For assessment all eccentricities of rocker bearings to

assessments. Where these are within the tolerancestBetaxes of columns shall be measured during detailed

in Part 6 or Part 9 as appropriate, design strengthsninspections as described in Appendix | and the

given in Part 3 may be used in assessment. measured values allowed for in assessments of column
strengths.

For parts having measured imperfections beyond the

above tolerances their magnitude shall be takeniinto

account in strength assessment where explicit Add new Clause 8.5.2.3:

provision is made in the assessment additions for daing

so or their strength and stiffness shall be assumed t08.5.2.3 Other imperfections

be zero where explicit provision.is notimade in the

assessment additions. Alternatively.remedial measurdere inspection reveals detrimental imperfections or

shall be taken. Values of imperfections less than the effects other than those described above then due

tolerances may be takendnto account when thisis  allowance shall be made in the calculations for

significantly beneficial. assessment in accordance véith.1and Appendix I.

Where the imperfections are to be taken into account
in assessment, theyshall be assumed to be 1.2 times
the measured imperfections to allow for inaccuracies
of measurement. This factoroef 1.2 is embodied into
the relevant assessment additions, and should only be
varied with the agreement of the Overseeing
Organisation where the nature of the survey so
warrants.

15-1
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Table 6, EHective breadth ratio y for propped
cantilever beams

Fixed end Crusttar-gpen feot

Prop end
foced end pod

~loe

a=0 a=1 a=0 a=1 a=10 a=1

D00 1.00 1.00 | 1.00 1.00 1.00 1.00
005 | 062 0.54 | 1.00 1.00 079 | 0.70
010 [045 ) 038 |1.00 1.00 0.63 0.52
020 {027 | 0.2% | 082 0.76 0.44 0.32
030 Q18 014 [ 072 0.52 033 1023
G40 | 033 0.10 | 046 0.35 024 | Q.18
053 | oM 008 | 031 0.25 0.19 | 013
075 | 010 0.07 | 0. g8 032 0.09
1.00 | 009 006 0.9 015 008 | 0.07

Table 7. Effective breadth ratic v far
cantilever beams

Fixed end -Apan heat

Chusertewr
fixed nd

b
L

a=0 a=1 a=0 a=1 a=0 o=1

0.00 1.00 1.00 | .00 1.00 1.00 1.00
0.05 | 0.B2 0.76 | 1.00 1.00 092 | 0.86
010 | 068 0.61 1.00 1.0 0.84 0.77
0.20 052 0.44 | 1.00 1.00 0.70 | 0.60
030 | o042 0.35 | 095 0.90 060 | 048
040 | 035 028 ) 0.88 a.75 0.52 G.38
0.50 | 0.30 025 | 0.Y6 0.62 0.49° | 0.33
075 | 022 | 0.8 | 052 0.38 0.34 | 0.23
.00 1018 | 014 | 038 0.27 0.27 0.18

8.3 Distortion and warping stresses in box girdars,
Suesses in @ box girder due 1o ransverse bending of the
walls of the box and torsional and disterttonal warping,
should, where required by 9.2.1.2, be calculated by linear
elastic anslysis. The simplified procedure given in
appendix B may be used for highway bridges designed fay
loading in accordance with Parmt 2.

8.4 Shear stresses. The design values of shear stress in
webs of rofled or fabricated i, box or channel sections
may be calculated in accardance with 9.5.1. Shear
siresses in other sectiuns should be computed from the
whole cross section having regard to the distribution of
{lexural stress across the section.

8.5 Imperfections

8.5.1 Imperféctions allowed for. The design strengths
given in this Part may be assumed to have made
altowance forthe folfowirg tolarances whare these apply:

{a) bearing misalignment in plan, errors in leve! of
single bearing or in the mean level of more than one
bearing 21 any support, and bearing inclination within
the tolerances given in Pant 9°; :

{b) imperfect 1latness and straightness of compression
members and of stitfened and unstiffened plate panels
within the tolerances given in Part B.

"In coursa of preparation.

BS 5400 : Part 3 ; 1982

8.5.2 Imperfections to be allowad for separately

B.5.2.1 Torsionally stiff girders. Imperfections in common
planarity of bearings should ba allowed for inthe anatysis
of torsional moments and reactions {or torsionally stiff
superstructures and should be compatible with 1olerances,
which the designer shouid spacify, and the construction
method and sequence/used.

8.5.2.2 Columns. Where a eolumn is supported on a
rocker bearing, the following eccentiicities should be
added to any calculated eccentricity of the bearing
reaction;
{a) For a flat-topped rocker beaning in contact with flat
hearing surface beneath eolumn: haif the width of the
flat bearing surfage plus 10 mm;
{b) For a radiused rocker bearingy 3 mm if the besring is
attached to the end of the column during fabrication in
& position that is nominally central and 10mm in all
other cases.

8.6 Residual stresses. The design strengths given in this
Pant may be deemed 10 allow for residual stresses due 10
solling, handling and transportation, and from those
arising from nomal welding procedures.

In ordef to make aliowance for the refaxation of residual
stressés due 1o welding when estimating deflecuions
during erection, or on first loading, the effective area 4, of
a flange in tension should, for this purpose, be taken as;

Ay = Af(1 - CAw)

oy

where

A, is the gross-sectional area of flange in tension,
inclusive of longitugina! stiffeners

A, s the volume of longitudinal weld per unit length
of flange

L is a weld shrinkage coefficient and may be taken
as 7000 N/mm2

oy is the nominat vield stress of the flange material.

9. Design of beams

9.1 General. Beams are defined as membars with solid
webhs {or with openings in accordance with 8.3,3),
subjected primanly 10 bending, including members of
rolled and hollow section, plate girders and box girders.
9.2 Limit states

9.2.% Ultimate limit state

9.2.1.7 General. Beams should be designed to satisfy the
provisions of clause 9 1or the ultimate limit state.

9.2,1.2 Effects to ke considered. The effects at the

ultimate YVimit state should be obtained for relevant
combinations of:

{a} flexure, shear and torsion due 10 any loads
transverse 10 the longitudinal axis of the meeber;
(b} the effects of axial load;

{c) creep, shrinkage and diHferential temperature {see
Part § for composite structures);

{d) settlement of supponts.
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Add new Clause 8.7: longitudinal shear forces. For dense brickwork filler
beam or jack arch decks global and stress analysis

8.7 Variations in structural dimensions shall be based on compasitesproperties provided that

the bending resistance©f the. composite section shall
Measured section sizes shall be used in assessmentrodt be taken as greatér than 30%.in excess of the
strength of all critical sections, see Appendix |. Due calculated resistance of the steel section alone.
account shall be taken of any existing or projected
future losses of section due to corrosion in accordan@8.3 Concrete slab.and steel beam decks
with 4.5.5 No changes are to be made to partial
safety factors when using the measured dimensions. For concrete slab and steel' beam decks global and
stress analysis using composite properties can be used

Add new Clause 8.8: provided:

8.8 Originally unintended composite action (a) At the steel/concrete interfaces there is no evidence
of corfosion, fretting action, relative longitudinal slip

8.8.1 General or cracking sufficient to affect the required composite
action.

Stiffnesses and strengths calculated for steel sections
not originally intended as acting compositely can be «b) The attachments to the beams at the interface are
enhanced by consideration of composite action with sufficient to prevent relative slip (such as rivet or bolt
adjacent or surrounding structure with appropriaté = heads orother transverse elements) as demonstrated by
reference to Part 5 where conditions are achieved aspush-out tests or by appropriate evidence.
given in8.8.20r 8.8.3
(c) Appropriate site testing is carried out to
demonstrate that the live load : stiffness relationship is
8.8.2 Cased beams or filler beams or jack arch supportive of the composite action achieved, where the
decks amount of composite action is required to increase the
design strength by 30% or more. Normally loading
For cased beams and concrete filler beams the stresapproximately equivalent to the nominal calculated
analysis shall be based on composite properties to  live load capacity of the steel section only shall be
Clauses3.1, 8.2, 8.3, 8.4, 8.54nd8.5.20f Part 5 applied.
where there is no evidence of excessive corrosion,
fretting action or cracking sufficient toadversely affect
the achievement of composite action. Sections can b&2.1.2 Effects to be considered
assumed to be compact where the compression flange
and webs are cased on both sides, and any uncasedAdd at end:
section remaining is also compact. Where the
requirements for resistance to longitudinal shear are (e) the effects of restraint of distortional warping and
not met then the beams shall be assessed on the basiansverse distortional bending.
of the properties of'the steel section‘anly, and may be
assumed to be compactearrying the entire load.

Alternatively where attachmenits to the beams are
sufficent to preventrelative longitudinal slip (such as
rivet or bolt heads or other.transverse elements) as
demonstrated by push-out tests or by appropriate
evidence then these may be assumed to transmit the
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9.2.1.3 Effects that may be neglected. The effects of shear
lag and restraint of torsional and disiortional warping may
be neglected for the uitimate limit state.

Items (c) and {(d) of 9.2.1.2 may be neglected at the
ulbimate {imit state provided that:
{a) tha section is compact throughout the span being
considerad in accordance with the provisions of 9.3.7;
and
{b} the membar is not prane 1o lateral instability; this
may be deemed to be satisfied when the slenderness
parameter, A7 is less than 45, /355/a, (see 9.7).

9.2.2. Fatigue.The fatigue andurance shoukd bae in
accordance with the recommendations of Part 10.

9.2.3 Serviceability limit state

9.2.3.1 General, The serviceahility Hmit state provisions
should additionally be met where cailed for by the
following.
(a) When the maximum longitudinal stress is more than
1.67 times the average longitudinal stress in the
particular flange segment between adjacent webs, or in
the overhang from an outside web as appropriate. For
this purpose, a ‘flange seqment” is the whole flange
width between adjacent webs, or the whole overhang,
whether or not stiffenad by longitudinal stiffeners.
NQTE. For plate girder construction this criterion may be
deemed 1o be satisfied if the shear lag effective breadth ratio ¢,
determined in accordance with 8.2, is greater than 0.5,
(b} When redistribution of stresses from the tension
flange is mada in accordance with 9.5.5.
(cy When stiffened flanges are subjected to bending by
local loads {see 9.10,3.3),
{d} Whan required in 3.9.B for unsymmetric beams.

9.2.3.2 Fffects 10 be considered. Stresses at the
serviceability {imit state should be obtained for the
refevant combinations given in 9.2.1.2 (a) ta (d) together
with:
(a) the effects of shear lag;
{b} the effects of restraint of tarsianal and distortion:sl
warping in @ girder.
9,2.4 Camposite beams. In the/design of composite
beams, the concrete, reinforcement and shear connectors
should satisfy the limit state requirements of Parts 4
and 5.

9.3 Shape limitations

9.3.1 General. Figure A séts out the geometric notation
uzed throughout this gection.

In applying 9.3.2, 9.3.4 and 2.3.6 to sections that are not
fully stressed by the applied loading, the nominal yield
stress values @, OF g, may be taken as the lesser of: the
nominal yield stréss of the material or 1.5 times tha
maximum $tress at the approprale section calculated for
the factored loading at the ultimate limit state condition,

where

oys felates tothe stiffener
oy ‘I8latesta the fiange, the web or the circular hollow
section, as appropriate.

9.3.2 Flanges

9.3.2.1 Quistands in compression. Ualess a free edge of
plate ot other cutstand is stifened, the ratio fe/fig
shouid not exceed 12./355/a, or 16 whichever is the
fessar.

When the edge of the outstand iz stiffened the ratio
Bialtio shouk not excesd 14 /355/q,
where

by, is the width of the outstand measured from the
edge ta the nadrest lins of rivets or balts
connecting it ta the supparting pam of tha
mamber, or to the toe of a root fillet of a rolled
section, or, in the case of a welded construction,
to the surface of the supporting part of the
membet, or. in the case of composite construction,
to the outer line of shear conneciors

1o is the mean thickness of the outstand

a, s as defined jn 9.3.1.

9.3.2.2 Qutstands in tension. The ratio b/, should not
axceed 16/ where by, and £y, are as defined in 9.3.2.1.
NOTE. Whase a flange consists of several flange plates buiit-up
and connected ta @ach other only by welds at their edges, an
outer flange plate shouid not be thicker than an inner plate and
the above provision should be satisfied for ail the flange plates,
For the Nlarge plate connected to the web, 8y, should ba laken as
giverhabove, but for ail the othar flange pistes &, shouid be
takan as half the widih becween the weids connecting it 1o the
adjacent innet plate,

9.3.3 Opanings

9.3.2.1 General. Any openings in webs or coOmpession
fianges should be framed and the stiffened section
designed for focal foad effects, including secondary
bending. Alternatively, openings in webs may be
unstiffenad provided that they meet the provisions

of 9.3.3.2.

Al eorners should be rounded with a radius of at least
ona-quartar of the least dimension of the hole.

9.3.3.2 Unstiffened opanings in webs. Openings in a web
may be unstiffened provided that:

{a) the overall greatest internai dimension does not
excesd one-tenth the depth of the web, nor for
longitudinally stiffened webs. one-third the depth of the
panel containing the opening;

{b) the lorgitudinal distance between boundaries of
adjacent openings is at least three times the maximum
internal dimension;

(¢) not more than gne opening is provided at any cross
section

Cut outs provided for transverse stiffeners should either
have at least one-third of their penmeters welded to the
stiffeners, or the stiffeners should be cleated to the web
with at least two bolts or nvets per side of the connection
or by ful! perimater welding of the cleat.
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9.2.1.3 effects that shall be neglected.

In line 2, deletéand distortional’.

9.2.3.1 General:

In item (a), deletel.67 and substitute * 1/
In item (a), delete NOTE and content.

Add the following at the end of item (a):

Y is the restricting shear lag factor dependent on the governing load case, e adopted partial factors of

safety on the governing loads.

P, shall be derived from:

1
YRT T
yf3ULS
Where 3= y
f3sLs
r _ meLS
m -
ym SLS
%nyDEADa DEAD+nyS LIVI':!"y FLg % ULS
r
fl =
%nyDEADG DEAD+y E LIVE!'y ng % SLS
A bean' @ sup @ Live oad effect due to dead load, superimposed load, live

load and other loads e to the total load, respectively.

NOTE: For plate and bo
<1.30, i.e. the shear la

serviceability limit state checks will not be required/wjen 1
0.77 when determined in accordance3with

9.2.3.2 Effectstob

In line 3, delete
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9.2.1.3 Effects that may be neglected. The effects of shear
lag and restraint of torsional and disiortional warping may
be neglected for the uitimate limit state.

Items (c) and (d) of 9.2.1.2 may be neglected at the
ulbimate {imit state provided that:
{a) tha section is compact throughout the span being
considerad in accordance with the provisions of 9.3.7;
and
{b} the membar is not prane 1o lateral instability; this
may be deemed to be satisfied when the slenderness
parameter, A7 is less than 45, /355/a, (see 9.7).

9.2.2. Fatigue.The fatigue andurance shoukd bae in
accordance with the recommendations of Part 10.

9.2.3 Serviceability limit state

9.2.3.1 General, The serviceahility Hmit state provisions
should additionally be met where cailed for by the
following.
(a) When the maximum longitudinal stress is more than
1.67 times the average longitudinal stress in the
particular flange segment between adjacent webs, or in
the overhang from an outside web as appropriate. For
this purpose, a ‘flange seqment” is the whole flange
width between adjacent webs, or the whole overhang,
whether or not stiffenad by longitudinal stiffeners.
NQTE. For plate girder construction this criterion may be
deemed 1o be satisfied if the shear lag effective breadth ratio ¢,
determined in accordance with 8.2, is greater than 0.5,
(b} When redistribution of stresses from the tension
flange is mada in accordance with 9.5.5.
(cy When stiffened flanges are subjected to bending by
local loads {see 9.10,3.3),
{d} Whan required in 3.9.B for unsymmetric beams.

9.2.3.2 Fffects 10 be considered. Stresses at the
serviceability {imit state should be obtained for the
refevant combinations given in 9.2.1.2 (a) ta (d) together
with:
(a) the effects of shear lag;
{b} the effects of restraint of tarsianal and distortionsl
warping in @ girder.
9,2.4 Camposite beams. In the design of composite
beams, the concrete, reinforcement and shear connectors
should satisfy the limit state requirements of Parts 4
and 5.

9.3 Shape limitations

9.3.1 General. Figure 1/5éts out the. geometric notation
uzed throughout this section.

In applying 9.3.2, 9.3.4 and 2.3.6 to sections that are not
fully stressed by thetapplied loading, the nominali yield
stress values @, OF ¢, May be taken as the lesser of: the
nominal yield stress of the material or 1.5 times tha
maxirmum $tress at the approprale section calculated for
the factored loading ar the ultimate limit state condition,

where

oys Telates to the stiffener
ay Aelates tathe flange, the web or the circular hollow
section, as appropriate.

9.3.2 Flanges

9.3.2.1 Quistands in compression. Unless a freg edge of
plate ot other gutstand is stifened, the ratio Dig/fig
shouid not exceed 12, /355/a,, or 16 whichever is the
fessar.

When the edge of the outstand is stiffened the ratio
Bialtio shouk not excesd 14 /355/a
where

by, is the width of the outstand measured from the
edge ta the naarest lins of rivets or balts
connecting it 1@ the Supparting pam of tha
mamber, or to the toe of a root fillet of a rolled
section, or, in the case of a welded construction,
to the surface of the supporting part of the
member/ or, in thecase of composite construction,
to the outer line ot shear connectors

1o is the mean thickness of the autstand

a, s as defined in 9.3.1.

9.3.2.2 Qutstands in tension. The ratio b/, should not
axceed 16, where by, and £y, are as defined in 9.3.2.1.
NOTE. Whase & flange consists of several flange plates buiit-up
and connected ta each other only by welds at their edges, an
outér flange plate shouid not be thicker than an inner plate and
thé above provisidn should be satisfied for ail the flange plates,
Far the Nlarge plate cannected to the web, 8y, should ba Llaken as
given above, but foe ail the othar flange pistes b, shouid be
takan as half the widih becween the weids connecting it 1o the
adjacent innet plate,

9.3.3 Opanings

9.3.2.1 General. Any openings in webs or COMMEssIon
fianges should be framed and the stiffened section
designed for focal foad effects, including secondary
bending. Alternatively, openings in webs may be
unstiffenad provided that they meet the provisions

of 9.3.3.2.

Albetrners should be rounded with a radius of at least
ona-quartar of the least dimension of the hole.

9.3.3.2 Unstiffened opanings in webs. Openings in a web
may be unstiffened provided that:

{a) the overall greatest internai dimension does not
excesd one-tenth the depth of the web, nor for
longitudinally stiffened webs. one-third the depth of the
panel containing the opening;

{b) the lorgitudinal distance between boundaries of
adjacent openings is at least three times the maximum
internal dimension;

(¢) not more than gne opening is provided at any cross
section

Cut outs provided for transverse stiffeners should either
have at least one-third of their penmeters welded to the
stiffeners, or the stiffeners should be cleated to the web
with at least two bolts or nvets per side of the connection
or by ful! perimater welding of the cleat.
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9.3.1 General 9.3.3.1 General

Delete the existing clause and substitute the Add at end:

following:-

Openings rounded with a radius.ef less than ¥ of the
Figures 1 and 1A sets out the geometric notation usel@ast dimension of the hole, or any openings not
throughout this section. complying with any of the requirements®8.3.2

shall be inspectedindividually fer evidence of
Where the proportions of flanges, stiffeners or hollowcracking. They'shall be assessed, for the effects on
sections comply with the requirement®9d.2.19.3.4 fatigue life and brittle fracture propensity of stress
and9.3.6 taklngo or o_ as the yield stress of the ~ concentrations. Detailed local analyses, e.g. finite
material as deflned .2, the strength of the sections element analysis, shall be carried out where
shall be determined as specified in the appropriate @PPropriate.
clauses of this standard relating to assessment of

strength, using this value c(n‘yS or o,
where:

o v relates to the stiffener

o _ relates to the flange, the web or the
circular hollow sections, as appropriate.

Where the proportions do not thus comply, a lower
value ofoy oro, shall be determined such that
compliance Wlt|’9 3.2.19.3.40r9.3.6as appropriate
is achieved, and this lower vaIuecnf or g_shall
be used in all subsequent assessments o?l strength.

9.3.2.1 Outstands in compression.

On the third and fourth lines, deleta 16 whichever
is the lesser’.

Add at end:

See 9.3.1 for assessment of non-complying outstands
in compression.

9.3.2.2 Outstands intension.

Not applicable to assessment.
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9.3.4 Stiffeners to webs and compression flanges
$.3.4.1 Open stiffaners to webs snd compression flanges

9.3.4.1.1 Genegral. Open stitfeners should either be in
sccordance with §.3.4.1.2, 9.3.4.1.3, 5.3.41.4

or 9.3.4.1.5, as spproprigte, or be checked in accordance
with appendix C.

8.34.1.2 Finy stiffeners. The stiffener proportions should

I o
“'l _f _Y.‘. -
be such thar % \/355 does not exceed:
{a} 10: or
{b) 2 higher value ocbiained from figure 2, when
b oy is Jess than 31
t 355

where, Bs shown in figure 1,

h,.15 are the depth and thickness, respectively, of the
stiffenar

b is the specing of stifleners or distance berween
1he stiffoner and the beam flange fweb boundary,
A% BpProprisie
NOTE. in the case of non-uniform spacing the aversge
velue on the two sides may be taken.

t is the plate thickness ¢ or ¢,

oys a0d o, &re a5 defined in 9.3.1.

8.3.4.1.3 Bulb fiat stiffaners. Bulb flat stiffeners should
comply with the reguirements of Part 5 of BS 4B48 and
should be proportioned such that:

{a} either -{—’ does not exceed 3 fgfg
hg Oys

o (b + ket ,"'_
\

{b) i does not exceed 30

t 355
where

£, Is the span of the stiffener between supporting
meambers

b is the overall depth of the bulb flat, 85 shown'in
figure 1

kg =0.4 {or grade 50 steel in accordance with
BS 4360, or
=0.15 for grade 43 steel in sccordance with
BS 4360

b and t are as defined in §.3.4.1.2

Oys B0 g, a1 &s defined in 8.3.1.
9.3.4.1.4 Angle stiffeners. Angle stiffeners should comply
with the requiremants of Pan 4 of BS 4848 and should be
proportioned such thar

{8} b, does not exceed A,;

b, |o
= XL doesnot 11;
{b) t, 355d not exceed

hy Tya ,
- Je== her:
{c) 7 , 355 does not exceed sither:
) Tor
{2)_a bigher valug obtained from figure 3 when

bii gg\% is less than 50

17
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,
NOTE. When 2 [-2% is tasx than o equal 10 20) there is no

r/358
] o
lienitati LI . L1
ITHIATION On ‘. 355
where

1y, b, and ¢ are the depth, width and thickness of the
sngle, respectively, Bs shown in figure 1

& and 1 are as defined in 9.3.4.1.2

& s 85 defined in 9.3.4.1.3

gy 2nd g, Bre a5 defined in 9.3.1.

8.3.4.1.5 Tee stifeners. Tee stitfeners should be
proportionad such that:

{a) bso (f2rs does not exceed 10;

t0 355
d; [y + T,
b | }~——-~ d 41;
bl : 755 does not excas
@ oy .
{€) — [T does not exceed 7 or 8 higher value
I, Af355
obtained from:
{1} either figure 4{a} when bL: f%’é is less
than 25:

b
(2) ot figute 4(b) when both - /%% is less than

32, and %5 doas not exceed 4
13

where

b end ¢, sre as shown in figure 1

b'and r are as defined in 9.3.4.1.2

fy is »s defined in 9.3.4.1.3

.+ is the average thickness of the flange outstand
width &y,

o, is the effective stiffener depth, measured from the
ungderside of the flange plate to the midplane of the
equivalent unilorm thickness of the flange of the
tee (see figure 1)

o, is the longitudina! stress (positive when compres-
give} for the uhimate limit s1ate Bt the centroid of
the effective section of the stiflener, as given in
5.90.2.2 for flanges pnd 8.11.5.1 for webs, but
may be laken conservatively as Tys

a5 and o, are as defined in 9.3.1.

§.3.4.2 Closed stiffeners to webs and compression
fianges. Closed stiffeners shouid be proponioned such

thay:
iy fou,
{a} < J3ms does not exceed 29;
[ ]
Oea [0y + oy
{b) ‘— —Es— dees not axceed 41.
E

whem

oy is s defined in 9.3.41.5

41, 2 are the widths of the walls of the stiffensr as
shown in figure 1

t, s the thickness of the stiffener

oy I8 8s defined in 8.3.7,

A2

:y. November 1996
Volume 3 home page [ ED



Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Volume 3 Section 4

Part 11 BD 56/96 Annex A
9.3.4.1.1. General. Add new Clause 9.3.4.3:
Add at end: 9.3.4.3 Combinations of closed:and-open stiffener

See 9.3.1 and Appendix S of the accompanying A stiffener fabricated from a combination of closed
Advice Note for the assessment of non-complying  and open sections shall be propertioned such that
stiffener configurations. Other shapes of stiffeners individual components meetthe requirements of
other than those specified shall be assessed on the 9.3.4.1or 9.3.4.2as,appropriate.
basis of the nearest standard shape.
When an elementis not connected directly to the
parent plate;;no benefit shall be assumed from the
9.3.4.1.3 Bulb flat stiffeners restrainingeffect of the parent plate when using
Appendix S or any other method.
Add at end:

For assessment, the requirement in this subclause may
be omitted.

9.3.4.1.4 Angle stiffeners

Add at end:

For assessment, the requirement in this subclause may.

be omitted.

9.3.4.1.5 Tee stiffeners

In item (c) (2), delete,/oys / 355 and substitute

Joy [ 355

9.3.4.2 Closed stiffeners to webs and compression
flanges.

Add at end:

See 9.3.1 and Appendix S of the.accompanying
Advice Note BA 56 for the assessment of non-
complying stiffener-configurations. Shapes of
stiffeners otherhan those specified shall be assessed
on the basis of the nearest standard shape.
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NOTE. For tapared flanges, f¢, shouid be taken as the mean
thickness of the flange, &s defined in BS 4.

{a} Rotled beam sections, d,=0

dn.
—c----f" ¢
B Hgr
SPLI N
C—— 1 L 1

Ll T, W,

! -

Position of fasteners

{b) Fabricated beam sactions, d,, is 8 shown

T
g, as for B a
rolled or i
fabricated | |
beams as !_ i !
appropriate =
Ou
NOTE. D is shown for concretéin compression. For concreta n o
tension D is 1aken to level of tension reinforcement. (d) Stress distribution in web

{c) Composite beam section

Figure 1. Geometric notation for beams
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o) FILANGE AND STIFFENERS

NOTE - IGNCRE PACKS WHEN CALCULATING A,. Z,, Zy e

Y

(d) BENT THROUGH_
AND PLATE

Figure 1A Geometric notation for sections that may be encountered in assessment
18
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Ai }. ] - _[_ _iA = 7 {IuC i ]| #Eh ’ _S
T _ =T
! ‘ > T "bz ' /
i ’ II - I l ] \I
/ = Bearing
B—w=q

End s’rlff’enlng

Elevation

End_shiffening
T

Maximum !

af 54, L_____

- Maximum

= __!of' St,
_I

\Minimum of 1&f,
or 2
2
Section A-A
A A
324 33,
i, L
Yoo — | _[F_
it
¥ ¥

Weland stiffeners

{g} Stiffened beam
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) by oy
NQOTE. For basis of curves, see G.2. t \‘.' 355

Figure 2. Limiting slenderness for flat stiffeners

{s I,'Ir:r“
b,y 355
ST T e RBaS! {.T T
: - } : T ! 3
s
j~ 1 L _ H Dl |
Lo L '
35 H—+— A :
4 i W LT .
T B '] :
30+ : .
&

R A Rl SRR SRR I
10 15 20 25 30

MNOTE For basis af curve, see G.4 (a} o, ."I.”.v.s

(3} related 1o/, ih, :'s' \." 355

Figure 4. Limiting slenderness for tee stiffenars

20

25 30

NOTE. For basis of G.3 b oa
- For basis of curve, see G.3. '3
' b o) 365

Figure 3. Limiting stendernéss for angle stiffeners
Js ,"Io'vs
7, 355

S0

45

L0}

35E

30

5P

20

o

15

NOTE. For basis of curves, see G.4 (b) b oinm,
{b) related 1 b/ £+ 385
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9.3.5 Flanges curved in elevstion. Flanges curved in
elavation should be such that:
& R
(B} __!2 % t
fg  Bbyg

b Ay
—_ ‘__q‘_ _
®) § <2

where

A is the radivs of curvature of the flange

& is the distance between adjacant longitudinal
stiffeners and/or webs

ty is the thickness of the flange in the panel between
such tongitudinal stiffeners and/or webs

by and {4, are as defined in 9,3.2,

9.3.6 Circular hoflow sections. The ratio of cutside
diameter to wall thickness of a circular hollow sectien
should not exceed:

s
v gy

where

100

ay is as defined in 9.3.1,
9.3.7 Compact sections

9.3.7.1 General. Compact sections are those in which the
full plastic mement can be developed before, and
maintained after, the onset of local buckling. Rolled of
fabricated 1-baams, channels or hotlow sectians are
defined as compact pravided that they meet the provisions
of 9.3.7.2 and 9.2,7.3, o 9.3.7.4, as appropriate.
Lbngitudinai stiffenars, if any, should be ignoredin
calculating the section properties and in deriving the
strength of a compact beam.

MOTE. For beams built in s1ages, the requirerments should be
applied to the cross section of the baam apprapriate to the stage
considered {see 9.9.5}.

9.3.7.2 Webs

8.3.7.2.1 Webs partly in compression and partly in
tension. The depth between the efastic nautral axis of the
beam and the compressive edge of the web should, not

anceed:
/355

2Bt _
N oyw

where
t,. s the thickness of the web piate
Gyw is the nominal yieid stress of the web material.

9.3.7.2.2 Webs wholly in compression. The depth of the
web should not/exceed:

R S el | e~

where

ty and ay, ame as defined)in 9.3.7.2.1
Ga1: gz A the longitudinal stresses at the two edges
of tha weh, as defined in figure 1, such that
Tt < Jo2
NOTE. The depth of the wab mtarred to in 9.3.7.2.1
and 9.2.7.2.2 sholld be measured in its plane and taken clear of

mot fillets for relled sections and weids or flange angles for
fabricated sections,

BS 5400 . Pant 3:.1982

9.3.7.3 Compression flanges

9.3.7.3.1 Compression flange outstands. The projection of
a compression flange outstand/ &y, should not exceed:

55
Tteo Ji—[
¥

where

oyt 5 the nominal vield stress of the flange material
t1o 8nd by, are as gefined in9.3.2.,

9.3.7.3.2 Compression flanges inbox sections. The clear
width of tha compression Hange should not exceed:

fass
24! | {—
N Tyf
where
t; i the thickness of the compression flange plate
&,y is the nominal yield of the flange material
The clear width is taken as between:
{a) root fillets for rojled sections;
¢b) webs for walded construction;
{c} lines of rivets ar bolts connecting the flange to the
wab for other fabricated sections.

. 9.3.7.3,3 Composite compression flanges. |n compaosite

compression flanges, the spacing of shear connectors
perpendicular to the direction of compression should not
exceed:
—
355
Talrg
Oy
and the spacing in the direction of compression should
not axceed:

1z, [2
N Oyt

but may be increassd to:

35
18¢ /—-—5
W Iyt

in any line of shear connectors where adjacent lines are
stagyered,
where

ty and o, are as defined in 9.3.7.3.2.
9.3.7.4 Circuiar hoflow sectians. Tha ratic of the outside
diameter to the wall thickness of a circular hollow section
should not exceed:

50 [22
Ty
where

a, is the nominal yield stress of the material of the
circular hoilow section.

9.4 Effective section

9.4.1 Effective section for globel analysis. Gross

. section properties may be used for global analysis except
for transverse members for which refarence should be
made to 8.15.2.1. For composita construction the
procedure set out in 5.1 of Part 5 of BS 5400:1979
should be adopted for all limit siates.
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9.3.5 Flanges curved in elevation assumed in assessment.
Add at end: NOTE 1. The depth of the web referred tonin this

clause shall be measured in its plane and taken clear of
Assessment of flanges curved in elevation but not  root fillets for rolled sections and welds or flange
complying with the above shall be analysed in detail angles for fabricatedsections.
allowing for the effects of curvature on the stability of

the elements. NOTE 2. In calculating the plastic neutral axis of the
beam, only the longitudinal stress due to bending

9.3.6 Circular hollow sections moment and/or axial force need to be considered.

Delete the expression and substitute 60@35/ 9.3.7.3.3 Composite compression flanges.

Add at end: Delete the existing expressions and substitute the
following expressions respectively:

See9.3.1and Appendix S for the assessment of non- 30t /355f’yf

complying sections.

15% /3550 yf
22t¢ [355F yf

9.3.7.4 Circular hollow sections.
Where any part of a cross section fails to comply with
the appropriate requirements the complete section shiaélete the existing expressions and substitute

9.3.7.1 General

Add at end:

be assessed as non-compact. 46(35506 ).

y
Add new clause 9.3.7.2.3 Add new Clause 9.3.8:
9.3.7.2.3 Alternative method 9.3.8 Plastic sections

As an alternative 18.3.7.2.1& 9.3.7.2.2he.depth of . g 3 8.1 General
the web shall not exceed:

34t The use of plastic sections and analysis shall be in
w | 355 . . . .
o accordance witfi.4. Pla§t_|c sections are those which
yw possess adequate ductility to enable them to carry the
when m does/not exceed 0.5 full plastic moment whilst allowing rotation at a
or plastic hinge to occur. Rolled or fabricated I-beams,
374, (355 channels and hollow sections can be taken to have
plastic sections provided that:
(13m- 3 Ovw
when‘m exceeds 0.5 @) They meet the limitations of shape defined in
where 9.3.8.2t0 9.3.8.4
m is the ratio of the depth of the web plate (b) The steel materials satisfy the requirements of
which is enthe compressive side of the 6.3and6.4.
plastic neutrahaxis of the beam to the
depth of the:webrplate. Longitudinal stiffeners, if any, shall be ignored in
t, is thelthickness of the web plate calculating the section properties and in deriving the

strength of a beam.

Oy | i i . : .
gy 2! yield stress of the web All parts of the cross section including stiffeners shall

materialor any other lower stress 51,1 Comply with the appropriate requirements.
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9.3.5 Flanges curved in elevstion. Flanges curved in
elavation should be such that:

A is the radivs of curvature of the flange

& is the distance between adjacant longitudinal
stiffeners and/or webs

ty is the thickness of the flange in the panel between
such tongitudinal stiffeners and/or webs

by and {4, are as defined in 9,3.2,

9.3.6 Circular hoflow sections. The ratio of cutside
diameter to wall thickness of a circular hollow sectien
should not exceed:

Aas5

ay is as defined in 9.3.1,
9.3.7 Compact sections

9.3.7.1 General. Compact sections are those in which the
full plastic mement can be developed before, and
mairtained after, the onset of local buckling. Rolled oz
fabricated 1-baams, channels or hotlow sectians are
defined as compact pravided that they meet the provisions
of 9.3.7.2 and 9.2,7.3, o 9.3.7.4, as appropriate.
Lbngitudinai stiffenars, if any, should be ignored in
calculating the section properties and in derving the
strength of a compact beam.

MNOTE. For beams built in s1ages, the requirerménts should be
applied 1o the cross section of the baam apprapriate tothe stage
considered {sea 9.9.5}.

9.3.7.2 Webs
8.3.7.2.1 Webs partly in compression and partly in

tension. The depth between the efastic nautral axis of the
beam and the compressive edge of the web should niot

anceed:
55
2Bt E——
V oyw

* where

t,. s the thickness of the web piate

Gyw is the nominal yieid stress of the web material.
9.3.7.2.2 Webs wholly in compression. The depth of the
web should not exceed:

el T

where
ty 8Nd gy 38 as defined in 9.3.7.2.1
Ga1, a3 @ the longitudinal stresses at the two edges
of the wehb, as defined in figure 1, such that
et < g2

NOTE. The depthiof the wab metarred to in 9.3.7.2.1

and 9.2.7.2.2 should be measured in its plane and taken clear of
mot fillets for rotted sections and weids or flange angles for
fabricated sections,

BS 5400 . Pann 3 : 1982

9.3.7.3 Compression flanges

9.3.7.3.1 Compression flange outstands. The projection of
a compression flange outstand, &, should not excesd:

55
Tteo Ji—[
¥

where

oyt 5 the nominal vield stress of the flange material
t1o 8nd by, are as gefined in 95.3.2.1,

9.3.7.3.2 Compression flanges in box sections. The clear
width of tha compression Hange should not exceed:

355
28y [—

N Gyf
where
ty is the thickness of the compression flange plate
&,y is the nominal yield of the flange material
The clear width is taken as between:
{a) root fillets for rolled sections;
{b) webs for welded construction;
{c} lines of rivets or bolts connecting the flange to the
wab for other fabricated sections.

. 9.3.7.3,3 Composite compression flanges. |n compaosite

compression flanges, the spacing of shear connectors
perpéndicular ta the direction of compression should not
exceed:

andd the spacing in the direction of compression should
not axceed:

azr, [2
N Oyt

but may be increassd to:
/ﬁ
"on
in any line of shear connectors where adjacent lines are
stagyered,
where
ty and o, are as defined in 9.3.7.3.2.

9.3.7.4 Circuiar hoflow sectians. Tha ratic of the outside
diameter to the wall thickness of a circular hollow section
should not exceed:

s [
Ty

where

18:

a, is the nominal yield stress of the material of the
circular hoilow section.

9.4 Effective ssction

9.4.1 Effective section for globel analysis. Gross

. section properties may be used for global analysis except
for transverse members for which refarence should be
made to 8.15.2.1. For composita construction the
procedure set out in 5.1 of Part 5 of BS 5400:1979
should be adopted for all limit siates.
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9.3.8.2 Webs

The depth gbetween the plastic neutral axis of the

t, isthe thickness of the web plate

d, isthe depth of the web as defined in
Figure 1

o_is the yield stress of the web material as
defined in6.2.1

9.3.8.3 Compression flanges

Compression flanges shall ¢ wi e provisions
for compact flanges given 3.

9.3.8.4 Circular hollow s ns

The ratio of the outsi
of a circular hollow

beam and the compressive edge of the web shall not
exceed:
28tw 355
a — ,ifd. <0.5
@, ifd <054,
%2 8d1§ N ,355
b T Hw o ifd, >0.5
(b) Ow Oyw 1 qlv
355
but not less tha|34tw 0_
yw
where
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9.4.2 Effactive section for bending stress analysis

9.4.2.1 General. The elastic modulus of a section, or the
plastic modulus of a section, should be determined taking
sccount of the provisions of 9.4.2.2 t0 5.4.2.7. )

KOTE. Additional or alterpative provisions are given
elsewhere for spacific elements such as stiffeners.

8.4.2.2 Deduction for holes. Holes should be deducted in
accordance with 11.3.3, where the longitudinal stress is
tensile, and in eccordance with 10.5.2 where the
longitudinal stress is compressive.

9.4.2.3 Shear fag effects. When the effects of shear lag
are 1o be taken intc account in accordance with $.2.3 an
effective breadth of a flange shouid be used, determined Ye
in accordance with 8,2,

8}

(c)

where

9.4.2.4 Fffective compression flange. The effective area of
each pane! of & compression flange should be taken as
equal 1o K. bt
where ayw
b and t are the unsupported width and the thickness, tw
respectively, of the flange panel (see figure 1 and
note 1 below)
K. 1z taken as 1.0 for all outstands which are

in accordance with 9.3.2, and for a1l stiffensrs fwe
which are in accordance with 8.3.4, respectively,or

for plates with adges supported by  adjagent

compongnts as follows:

(a) when the number of open stiffeners is three or

more, ar the number of ciosed stifferers is two or

more, from the apprapriate curve for restrained

panels;

{b) when there is only cne longitudinal stiffener, or

the flange is unstiffened from the appropriate curve

for unrestrained panels;

{c} when the number of open stifferiers & two, by

taking the mean of the valuas obtained from the

two curves 1 and 2, or from cunves 3, as

appropriate. 9.5.1
NOTE 1. In using figure 5 the value of the siendemess parameter,
7 should be taken as:

o Yo [Tyw
=1, 5 [ <@
fwe = T t. 355 %

¥e o fow
=]1. - 0. LA L P

Lo (‘l 425 00625 - 355)’*
. ¥e p‘ﬂ w
f A 2w
if 68 < I 355 = 228

. ¥ g

§le Vi
lye=1D0,1i f_w 355 = 228

is the depth of web measured in its plane from the
elastic neutral axis of the gross section of the beam
io the compressive edge of the web. For beams
built and Igaded.in_stages, y. should be calculated
for the cross section of the'beam appropriate to the
stage considered (see 8.9.5)

is the nominal yield stress of the web material

is the thickness of the web.

9.4.2.5.2 Beams with effective longitudinal stiffeners. An
effective wab thickness t,s should be used as toliows:

= {,, for beams with langitudinal stiffeners designed

in accordance with 8.11.5
as a coefficfent, to be cetermined from figure &, whese

t. is as defined in 9.4.2.5.1.
8.4.2.6 Stiffener continuity. The area of longitudinal
stiffenars should be included for stress analysis only if
they are cantintous on either side of the section undes
consideration over a dislance equal 10 the depth of the
beam.
9.4.2.7 Composite construction. For composile
construction the area of concrete in & tensile zone should
be ignored.
95 Evaluation of stresses

Genersal. Longitudinal stresses due to bending, and

1o axial force if any, should be calculated on tha basis of
an effective section in accardance with 9.4, 10.5, or 11.3,

as appropriate.

b fa, The shear fiow in a web due to applied shear force may
i=— 2
L \,‘ 355 ) be 1aken as the average value throughout the net depth of
for panels in a stiffaned compression flange. or for an unsiifiened the web, equal to {dw—Fn).
box, where .
in the case of closed stiffeners, when &y and b, ore different, an dy, is the full depth of a rolled section and the depth of

averape value may be taken provided:

'bl
067 £ = €15
bz hl‘l
where
¢4 s the nominat yield stress of the flange plate
L tig Big. B, byl By are as shown in figure 1.
NOTE 2. For rojled sactions orunstitfened flanges gross
properties may be used, providing the reduction due to K, is
incorporatedan the calculation of the limiting comprassive stress
(sen 9.8).
9.4.2.5 Effective web

8.4.2 8.1 Beams without longitudinal stiffeners. An
effective web thickness ¢, should be used as follows:

22

a web plate between flanges in a fabricated section,
both as shown in figure §
is the height of any hole in the section,

4.56.2 Stresses in longitudinally stiffened webs. The
longitudinal stress in & iongitudinally stiffened web should
be calculated by the elastic theory without any assump-
tion af redistribution of stresses. If the stress varies within
the length a between transverse stiffeners, the value
appropriate for stiffener design should be taken as that on
the line of the stitfener at a distance 0.4a from the more
severely stressed end.
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9.4.2.4 Effective compression flange
In line 3, delete ‘Igbt’ and substitute&k CkhAc’

Delete definitions for b and t

Add the following definitions:

k,= 1.0 for a part free from holes or for a part
with one or more holes greater than

40 mm in diameter, or 1.2 for a part in

which holes do not exceed 40 mm in

diameter, provided that R in no case

exceeds the gross area of the part.

A is the net area of each part, derived from
the gross area, less a deduction across a

section perpendicular to the centre line
the part for open holes or clearance h
for pins, black bolts or countersunk
Holes carrying rivets, HSFG, close
tolerance or turned barrel bolts, or fu
filled plug holes, need not be dedu .

Delete the entire ‘NOTE 2’ and substitu
following ‘NOTE 2’:

NOTE 2: The values ok for plating given i
may be adopted when assessing
longitudinal flange stiffeners complyi
in accordance wit8.10.2.3and9.10.3.3,

22
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NOTE 1. The velue of X, to be used igthe higher of the values
obtained using either:
(8) curve 1 or 2 Bs mlevant, with
i /& o
141355

a ln
ithi= o T
{b} cuve Fwith i = - \/355

2 is the panel dimension in the direction of stress considerad
b is the panel dimension normal to the direction of stress.

itern (@) will atways give the higher value for £ when ath 205,
For a/b < 0.5, items {a) or (b) may pive @ higher value.
NOTE 2. For basis of curves. see G.5.

Figura 5. Coefficient K for plate panels under direct compression
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9.5.3 Stresses in longitudinally stiffened
comprassion flanges. ongituding! stresses in
longitudinalfy stiffened compmession flanges should be
determined both at the mid-plane of the flange plate
{when checking for yeeld) and at the centroid of the
effective section of the stiffener (when checking for
buckhng).

H the stress varies substantially within the length
between transverse stiffeners, the stresses shouid be
calcutated at afl sections (when checking for yield) and at
a point 0.4 from the higher stressed and {when checking
for buckling).

9.5.4 Aedistribution of web stresses in s
fongitudinally stiffened beam. The longitudinal
stresses in any web panel or panels, of 8 beam with
longitudina! stiffeners either in the compressicn flange or
the web or both, may be assumed to be reduced by not
mare than 60% by shedding any appropriate part of the
moment and/or axjal force 10 the flanges, provided that
the assumed stress distribution, after such shedding, is
such that the whote of the applied bending moment and
mxial force is transmitted and equilibrium is maintained.
The percentage reduttion in stress so assumed should be
wniform within any one panel of web plaie bounded on
esach longitudinal edge by a longHudinal stiflener, or by a
flange, but may vary from pane! to panet.

No shedding should be made from any pengl containing a
hole or opening having & diameter in any direction greater
than six times the thickness of the web, or one-fifth of the
smaller dimension of the panal, whichever is jess;_nor fram
any panel any part of which ks within 8 distance from the
nearest edge of such hole or opening equal to'the fargest
diameter of the hole or opening.

9.5.5 Redistribution of tension flange stresses in a
longitudinally stiffened beam. VWhen elastic
distribution of stresses in a cross sectiofiin & longitu-
dinally stiffened beam for the uftimate limit State causes
yrelding of the tension flange but not buckling o yielding
af the compressian flange, redistribution of the stresses
may be assumed subject 10 the following.
(2} Redistzibution may only be made at the ultimate
limit state, and the whole crass seclien shauld satsty
the serviceabitity limit state, without redistribution.
{b} & lingarly varying pattern of longitudinal strains
should be assumed over the whole cross section. such
that the stresses produced are in equilibrium with the
load effects at the ultimate limit state. Longitudinal
stresses at any point should be taken as the iesser of.

{1) the assumed strain times the madulus of

elasticity £
—
I 6y ¥

{2) ( )—312
\f Fmii3

where

& the efastic shear stfess a1 point under
consideration

gy, & the nominal yield stress of the section under
consideration,

{c) The strain assumed in the compression llange
should not exceed 1/E times the stress Gapacity
obtained from 9,10, and the/strain assumed in the
tension flange should not exceed 28, /E.

{d] The web stresses obtained in (b} should be in
accordance with 9.11. For the buckling check of a web
plate panel, in accordance with 9.11.4. an equivalent
system of stress pattems, shown in figure 18, may be
assumed such that the net axial force along. and the
bending moment abowut, the lengitudinal centreline of
the panel remainunRchanged.

9.5.6 Transvarse stresses in webs. The transverse
stress in the plane of & web due to load applied to a
flange may be calcufated on the assumption that the load
is dispersed uniformily:
(8] at an angle of 607 from the line of application of the
load through the thickness of any plate against which
the load is bearing: and
{b) at an engle of 45° from the line of application of the’
lpad through the web plate mself (see figure §).

74

F-]

-~

| L
Y ¥ ‘
| )

// | 60 ~

2 L5

i . /

Figure &. Dispersal of load through an unstiffened
web

9.5.7 Fianges curved in elevation
9.5.7.1 Stresses in flanges. For flanges curved in
elevation, 8 transverse bending stress due to the radial
component of the longitudinal force in the flange should
be taken as:
3U|lb1°2
le!n
30’;.{)2
4:‘?1(1!
stitleners and/or webs,

in 3 flange outstand

in a plate panel of a flange between longitudinal

where

oy is the tengitudinal stress in the flange

& is the distance between successive longitudina!
stiffeners and/or webs

t¢ 15 the thickness of the flange in the panel being
considersd

bio and f, are as defined in 8.3.2 {see alsc figure 1)

£, is the radius of curvature at the flange.

24

A/58

Volume 3

v. November 1996
ED




Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Volume 3 Section 4
Part 11 BD 56/96 Annex A

9.5.4 Redistribution of web stresses in a
longitudinally stiffened beam. 9.5.6 Transverse stresses in webs.

Add at end: Delete the entire Clause and substitute the following:

The effective longitudinal stiffness of the web panels, The transverse stress in the plane of'a web due to load
from which stress is assumed to be redistributed, shadpplied to a flange shall'be calculated on the

be reduced by a fractiq, (equivalent to using a assumption that the load is'dispersed (as shown in

modular ratio for the panels of (f-)). The modified figure 6) uniforriQg
properties of the cross section shall be used to
calculate the revised longitudinal stress distribution
either from the load effects calculated by use of the
gross section properties in the global analysis or by
use of those calculated using the modified properties
for those portions of the beam in which redistribution

is assumed. Due account shall be taken of any change
in bending moment due to longitudinal loads resulting
from change in effective centroid position. (b)

(@) /Atan angle of 60from the line of
application of the load through the
combined thickness against which the
load is bearing, where present, of bearing
plate, flange plates, horizontal leg and
root'radius of flange angles or of rolled
section beams.

At'an angle of 45from the line of
application of the load through the
remainder of the web plate itself.

Transfer of load by direct bearing between flange plate
and web shall not be assumed in the case of riveted
construction unless reasonable evidence of direct
contact is available, ie by sight of the end of the beam,
for example.

w
NNy
Al N T

/ A\

NN

____________________________________ ‘/a/ \@\ 7.
/

\[\

Figure 6. Dispersal of load through webs
(Load P shown shall be compressive or tensile)
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NOTE, The_su'esses are not applicable when the section i
unsymmetical aboul & verlical exis of curved in plan or any plane
other than the vertical, such a section being outside the scope of
thes clause.

8.5.7.2 Stresses in webs

(a) Sheasr force. The vertical components of the forces
in flanges should be taken inta account in computing
the shear force camried by the web.
{b) £dge force. The edge of a web anached to a curved
portion of a lange should be considered to be
subjected to & force, acting in the plane of the web,
equal 1o
a8ty
Rycos B
where, gs shown in figure 1,

By is the width of an unstiffened flange, in s beam
having only one web, or half the distance
betwesn successive longitudinal stiffenars or
webs, together with any adjscent outstand

£ & the slope of the web to the vertical

o, £y, Ay are as defined in 9.5.7.1.

9.5.8 Flanges sloping in elevation. In computing tha
shear force carried by the web at any section of a beam,
the veriical components of the longitudinal forces in
stoping flanges showd be 1aken into account.

per unit length,

8.6 Effective length for lateral torsional buckling

9.6.1 General All beams should be restrained at their
suppons against rotation about their longitudinatl axis in
accordance with 9.12.4.

In all cases the eHective length for Iateral torsional
buckling £ should tie determined in accardance

with 89.6.2 to 9.6.6, as appropriate. However, if the
second moment of areas of a cross section about the axis
of bending is smaller than that about an axis pet-
pendicuiar to it, the cross section 8s @ whole is stable
against |ateral 1orsional buckling and its effective length £

101 - 7 :

09 I

F: A
[ 5 -

k07

0.6

05

I
b R L R TR
Ll
El
(a} Effect of rotational end resiraint

NOTE 1. &, i the smaliel valua, o1 either end, of the 1otationa)
s1:Hness 1o ateral Banding of the compressian
flange, chord or $irut

T is &s defined in 9.6.5. 10.4.1 or 12.5.3 as
appropriate

BS 5400 :Pan 3. 1992

may be taken as rmro. Consideration shouldy however, be
given 1o possible instability of constiiuent pans of the
Cross gsection,

9.6.2 Beams with intermadiste lateraf restraints
When & compression Hange of 8 beam & provided with
effective discrete lateral restraints in accotdance

with 8.12.1, £, should be 1aken as the greatest distance
between such points of lateral resiraint or betaeen a
restraint and a support. Where such mstraint is providad
by interconnecting bracing betwseen two of more beams,
consideration should be given 1o the possibility of lateral
irnstability of the combined cross Section.

9.6.2 Beams fother than cantilevers) withaut
intarmediate Iataral restryints When there is no
intermediate lateral restraint to a compression flange, f,
shouid be ke as:

(.--ni"[kzl
where

L s the span of the beam (i.e. betwean lateral
restraints at suppons}

kq_may conservatively be taken as:
1.0 if the compression flange is free 10 rotate in
plan a1 the points of suppon; or
0.85 if the compression flange is partially restrained
sgainst rotaticn in plan at the points of support, or
where 1t is Tully restrained against rotation in plan
at one support, and free 10 rotate in plan at the
othar; or
07 if the compression flange is fully restrained
against ratation in plan 21 the poinks of support.
NOTE. A'more sccurate value of &, Mlowing 1or the
degres of esteaint i plan, may be obiained trom figure 7 (a).

ks =10 or
=1.2 if 1he load is applied 10 the top flange and
bath the flange and the icad are hree to move

taterally.

10 - T
t - 1]
r TR =uhm

09 S \.h\ =
S e

08 ; -
0 74

&, 07 8 !

i 061
0.6 : 05T
05

: T
0 97 04 05 08 10
£y
i

(b} Etfect of bending restraint

L i the span of the beam or truss or fength between
the ends of a compression member effectively held
in position

f, & the value of £, cbiained from 9.6.5, 9.6.6 ot
12.51 bui celculated with k5= 1 0.

NOTE 2. For basis of curves, see G5,

Figure 7. Influence on effective length of compression flange restraint
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9.6.1 General

Add at end:

Where the resistance of the restraining systems is less
than required to resist forég under9.12.4.1then the
slenderness parameler appropriate to the length |
at the support under consideration, shall be modified

as follows:

[5( + 3)]%
8 |:R
where
)\LT, is a modified value deT
)\LT is defined iM.7.1
Ie is defined iM.6.2
Fr isas defined i19.12.4.1
Frb is the available resistance which is
less tharf, excluding the effects o
wind, frictional and other applie
forces.

§
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9.6.4 Cantilevers without intermediate laters!
restraints. When a cantilever beam is not provided with
lateral restraint between its support and tip, £, may be
taken from table 8, in which £ is the length of the
cantilever.
9.6.5 Baam rastrained by U-frames. When
intermediate restraint to the compression flange is
provided only by U-framas in accordance with 8.12.2. 4
should be taken as:

£, = 2.5k (£1.£,5)°2% but not less than ¢,
where

k3 may be taken 8s 1.0, but where the compression

in

considered. when a unit force acts laterally to the U-
frame only &t this point and simultangously at each
corresponding point on the other flange or flanges
connecting 1o the same U-frame. The directian of
each unit force should be such as to produce the
maximum aggregate vaiue of 8. The U-frame shauld
be taken gs fixed in‘position at each point of
intersection betwaen the cross member and a
vertical, and as free and unconnecied al all other
points.

cases of symmetrical U-frames, where crass members

and verticats are gach of constant moment of inenia
throughoun their own length, it may be assumed that:

flange is restrained against rotation in plan at the 3 2
supports, 8 lower value of k3 may be obtained from 5= @ uBdy” | fds?
figure 7(b) 3El4 Ely

I, i the secand moment of erea of the compression where

flange about its centroidal axis parallel to the web of
the baam at the point of maximum bending moment

¢, is the distance berween U-frames
& is the lateral deflection which would occur in the U-
frame a1 the level of the centroid ot the flange being

oy is the distance from the centroid of the compression
Aange to the nearer face of the cross member of the

U -frame, as shown in figure 8

Table 8. EHective length ¢, for a cantilever beam without intermediate

lateral restraint

Rastraint conditions Praltion of Josd
At support At tip On tension flange | Ali other positions
where there is no
lateral restraint o
loador flange
1. Built in {a) Free 1.4L 0.8L
{b) Tensian 1.4L 0.7t
flange held
against
displacermnent
{c) Both fiariges | 0.6L Q.61
held apainst
lateral
displacement
2. Continuous, angd {a) Free 250 1.0
both flanges held {b) Tension 2.5 0.8L
against iateral fiange held
displacemeant against lateral
displacemant
{c] Both flanges | 1.5 0.8L
held against
jateral
displacement
3. Comtinuous, with {a) Free 75L 3.00
tension flange only {b) Tension 7.5L 2.7
held agaifst jateral flange heid
displacement against laterat
: displacement
{c} Both flanges | 4.5L 241
heid against
lateral
displacement

NOTE. L is the length of the cantilever.
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9.6.5 Beams restrained by U-frames

Delete the equation fog bnd substitute:

Ie = k3k5(EICIu 0)%% but not less tharlljl

Add the definition foré<after the definition f0r§<

K = 2.5 where the beams are
restrained at their supports against
torsion about their longitudinal axis in
accordance with.12.4.

where

Ie is as defined above

> (1/0) is the sum of the values ofdlfbr each
of the intermediate U-frames in the effective
length

6e is the value o0b for the support restraint.

le” £
- 2 z%@

nEl,

= ntwhere the beams are unrestrained at their

supports against torsion about their
longitudinal axis.

NOTE: Where the restraint against torsion at
supports is less than required to resist forces

FR under9.12.4.1or the stiffness of the

bearing stiffeners is less than required.to.meet

the criteria 00.12.4.2then linear

interpolation shall be used to detéermine a

value of Ig between 2.5 anm.

Add the following paragraph at the/end of the
definition for f.

Values of f shall be determined@xperimentally

or taken from test results available which

shall cover the required ultimate capacity of
the joint and which shall be representative of

the particular type of joint.

Add at end:

Where in assessment the stiffness of the restraint

against torsion at supports'is less than that required
under9.12.4.2the effective length; shall be taken as

| n

1 1+k6

R

k6
1+ez%§
2
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7 is the distance from the centroid of the compression 9.6.6 Beams continuously restrained by deck
flange to the centroidal _am; of the eross membear of 9.6.6.1 Deck at compressidn flange jevel When sestraint
Fhe U-frame, as shown in figure 8 ) to the compression flange is provided by a deck

i isthe Secfmd mﬂffjenlt of area of the *:"m'd"? A tonnactad to the flange over the length of the beam, in
::':;:f; i?wt:: r‘;’i‘::;czf z?)otl-{l)t ;‘; fif\‘lbse:t:eer\:ve:zg' accordance with 9.12/3:1, {., may be taken as zero.
thickness may be inctuded on each side of the 9.6.6._2 Deck not aticompression ﬂa_rnge leveh When
centreling of its connection when determining the restraint to the compression flangs is provided by a deck
effective section of the vertical connected 10 an unstiffened web, eithar directly or via the

f> is the second moment of area of the cross member tension flange, over the iangth of the beam in accordance
of the L-frame about an axis perpendicular to the with 9.12.3.2/ the effect of this restraint should be
plane of the U-frame. A width of deck on either side allowed for by assuming that the deck and webs of the
of the U-frame. equal 1o 8/8 o £,/2, whichever is main beams comprise a continuous series of effective -
less, may be taken & the eﬁem.w; ::r'oss member frames of unit length longitudinally. In this case, £, shouid
when no other discrete member is present, or may be taken as:
be 1aken togsther with a cross member if structurally 0= 25k3(£1.5)025
connected ta it. in calculating the transformed area where
of a concrete deck, the gross area of concrete within ks and 1, are as/defined in 9.6.6

. . . - c -

u TE ;f::?:\e w;d:hb;nay bei considered 4 is the lateral deflection which would occur, in an
:0-33 : oute ba’“- °_' the " effective Li-frame, at the level of the centroid of the
A i:;amno:]"n':'w:ab"‘:'d fra:esam feg Or more flange being considersd, when a unit force acts

£ is the distance between centres of éonsecu!iv& tatéraily to the Effective U-frame only at this point
beams. of the maximum distance when the beamé and simultaneously at each carresponding point on
are no'; N el the other flange or flanges connacting te the same

! s the fl::i:lit‘;?frfh:joim between the Cross effective U-frame. The direction of each unit force
member and the verticals of the U-frame, expressed should ba such as 19 produce tl?e maximum
in radians per unit moment; f may be taken as: aggregate value of & The effective U-frame should
(@) 0.5 % 10-10 rad/N mm \-Nhen the cross mamber bé taken as fixed in position at each point of

: : int ti f deck , fr
is hofted or riveted through unstiffened end-plates :?nzr:;e:;:.;at Zﬁ ;;::ru;::am:nd 3s free ond
or cleats {see figure 42 type {(a)), or '
(b} 0.2x10-1% rad/N mm, when the/cross member In cases where the deck end webs of the beam are of
is bolted or riveted through stifiened end plates (see  £ONStant thickness }hroughout the span, and the beam is
figure 42 type (b)), or of constant depth, it may be assumed that:
(e} 0.1 101 rad /N mm, when the cross member 3 uBdy?
is welded right round its cross section or the T - 171
connection is by bolting or riveting betwsaen ! 2
stiffened end-plates on the cross member and a where
stiffened part of the vertical (see figure 42 type (c)). o, is the distance from the centroid of the compression
flange to the nearest surfece of the structural deck
{zee figure 8)
{ompression
. B . flange of beam 8
F 1 /’
—_— C— -’-T.j
b !
'old, g | o
Structural connection
between web and deck
i __“_,-_j H;__._‘: S PR G IS —
+ H
—
(a} Main beams restraingd by U-frames (sea 9.6.5) (b} Main beams continuously restrained by deck {sec 9.5.5)
Figure 8. Restraint of compression flange by U- frames or deck
27
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9.6.6.2 Deck not at compression flange level
Add at end:

Where in assessment the stiffness of the restraint against
torsion at supports is less than that required under

9.12.4.2the effective length shall be takenl é':isas
defined in9.6.5

s
Q
N
S
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d5 is the distance from the centroid of the compression
flange to the centroidal axis of the deck {see
figure 8)

3
oot
12
t,. is the thickness of the web of the beam
I3 i the second moment of area of the deck per unit
length, about its axis of bending, with the gross
concrete area being transfonmed in temmns of sweel
v and 8 are as defined in 9.6.5.

9.7 Slanderness

9.7.1 General. The siendemess parameter i) required
for the calculation of the limiting compressive siress

(see 9.8) should be determined for ail beams in
accordance with 9.7.2 10 9.7.5 appropriate 1o the type of
beam, using the effective length for lateral torsional
buckling obtained from 9.5.

9.7.2 Uniform I, channel, tee or angle sections.The
value of iy 1 for a beam of 1, channel, tee or angie section,
uniform between points of effective lateral restraint to the
compression flange, and bending about its X-X axis, as
defined in figure 1, should be taken as:

Z,
Ir = =% kayv
Ty
where
{f, s the effective length determined in accordance
with 9.6

is the radius of gyration of the gross cross section
of the beam about its Y-Y axis (see figure 1}

I

kg =0.9 for rolled 1 or channel section beams in
accordance with BS 4 or BS 4848 or/any 1 section
symmetrical about both axes with 7{'not greater than
twice the web thickness, or
=1.0 for ail other beams

n  =1.0 for beams restrained by U-frames or
continuously restrained by a deck {see 9.6.5
or 9.6.6). or may be conservatively taken as 1.0 for
other beams, but where the bending mament varies
substantially between poinis of tateral restraint,
advantage may be obtained by using . from
figure 9(a). if the loading 15 substantially con-
centrated within the'midcle-fitth of the length
between full restraints or frem figure 8(b), for other
loading patterns

v is dependent on the shape of the beam, and may be
obtained from table 9, using the parametars.

ig = f—e(r—')andi= fe
¥

#; i the mean thitkness of the two flanges of an T or
chanpel section, or the,mean thickness of the table
of a'tee or leg of an angle section. For beams
designed in accardance with 2.6.68 Ap shouid be
laken as zero

D 4is the overall depth of the cross section {see
figure 1}

{c and 1, are the second moments of area of the
compression and tension Hange, espectively, aboul
their Y-Y axes. as defined/n figure 1, at the section
being checked. For beamms with /. > §, or with 2g>8.
ALt may conservatively be taken as £, /ry.

NOTE 1. Where a flange is common to two ©r more main beams
{for example in a girder bridgewith a composita deck) a safe
estimate of the properties ry, I of [, may be made by assuming
that each beam acts with an appropaale width of flange, taken as
haif the sum of the distances to the adjacent beams on aach side
in the case of an intema! beam, or hall the distance 1o the
adjacent beam on one side, pius any ouistand on the other, n the
case of an external beam:

NOTE 2, In calculating &, I, and [, for composite beams. the
squivalent thickness of the composite flange in compression
should be based on the long term elastic medulus for concrete,
Concrete in tension should be ignomed and the equivaient
thickness of/Iersion minforcemeant should be taken as the area of
reinforcement divided by the fange width over which it is placed.

9.7.3 Other uniform sections

9.7.3.1 Uniform rectanguiar or trapezoidal box sections.
The value of 2| ¢ for a beam of rectangular or trapezoidal
box section, uniform between points of effective lateral
réstraint to the compression flange, should be taken as:

SZycly

TefAS

‘ELT = 2.25!]{

where

n and r, are as defined in 9.7.2
{, Is asdetermined in accordance with 9.6
2. is the elastic modulus of the section with respect 1o
the extreme compression fibre
is the area of the gross cress section
is the torsional constant 44 ,2/Z{8/1)
o is the area enclosed by the median line of the
perimeter material of the section
& and ¢ are the width and thickness, respectively, of
each wall of the section forming the closed
perimeter,
NOTE 1. In the case of a wall made from materia! other than
steel,  should be taken as the actual thickness muitiplied by
the ratio of the shear modulus of the material used to the shear
medulus of steal. Where the shear modulus vanes with the
load history, the long term value should be used.

0.25
‘- =1y
I~ 0.385.
Iy and 1, are the second moments of area uf the cross
cross section about axis through the centraoid

nermal to the plane of bending and in the plane
of bending respectively

h G

S5  =Z,,/Zy. for compact sections (see 9.3.7), or
= D/2y, for non-compact sections

2 e is the plastic modulus of the section (see 9.9.1.2)
is the overall depth of the section

y, is the distance from the axis of zerp stress 1o the
extreme tension fibre of the section.
NOTE 2. In compasite construction with the concrete in
tension, the extreme fibre is the outer surface of the
tensile rainforcing steel

NOTE 3. in stage construction ¥, should be caicuiated
from the total stresses on the section at the stage under
consideraton
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9.7.2 Uniform |, channel, tee or angle sections

Delete the existing definition fér, and substitute the
new defnitions as follows:

1221 -

peldl -—=

Ky = S O IXDE for flanged beams
O A’h* 5 symmetrical about
= g the minor axis

4

U I, 00
0 Bk
k4 = Hyzzpe X I:l
0
g

A’C, Bfor flanged beams
FHsymmetrical about
the major axis

=1.0 for all other beams

C,, Is the warping constant and can be take
equal to

df ty ty, By B

12(tft Bit + tn B?b)

Zpe is defined ir0.9.1.2

AL, Iy are defined i®.7:3.1

d; is defined ir0.9.3.1

te By are the thickness:and width

respectively of the top flange

to B, are the thickness and width
respéectively of.the bottom flange

h is the distance between the
centroids of the flanges.

where B is the average width of the two flanges,

the top flange width being taken. as the
effective width of the slab.

Add the followingNOTE 3 at end of.the Clause

NOTE 3: Angle sections used alone as beams are
strictly not covered by-the above. The behaviour of
angle sections is affected by the non-coincidence of the
principal U-U and V-V axes.

9.7.3.1 Uniform rectangular or trapezoidal box
sections

Delete the definition for ‘'S’ and substitute the
following:

S=7Z [Z
pe  “xc

nDelete thesexisting definition foé™ and substitute
the new definition as follows:

Delete the existing definition fory

Delete the entire ‘NOTE 2’ and ‘NOTE 3.

For composite beams in whichthe area of longitudinal

reinforcement in the slab is at'least 25% of the area

the steel top,flange the value gfrkay be assumed to
be:

14
U 0.213 25[
@.64— . BfD , but not less than 0.6
O di 0

of
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{a) Applied loading substantially concentrated within the middie- {b) Appiied laading ather than for (a)
fiih of the Jength between points of full resteaint

NOTE 1. The pracedure for using figure 3 il_i a5 follows:
{a} all hogging moments should be considered positive: )
{t} ends A ang B should be chosen such that 8, = My repardiess o! sign

(e} Aty 15 the mid-span momenl on & simply Eupported $0an squal 10 tna length between $ull regtraints.
| M, .
K ek ;/']-—j ; ) ,./""r@/—

NOTE 2. Examples on the use df figure 5 mre 25 follows:
i ]
1

\K( t"e TH, | t-r.

Length between™ull

Length between full

o=

restraints

traints
i Expmple 3. Usa figure 9(s} or {b)

Expmple 1. Usa figure S(4) .
(1

Hy Legs than span l ",
e S
f S -

]I'HA
restramts ' resira:r:sb]
W
Example 2. Uss figure 3(8) Example 4. Use figure 9(

Length between full
Figure 9. Slendarness factor for variation in bending moment
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Table 8. Slenderness factor v for beams of uniform section

i 10 0B [ 1 1 o5 44 I o3 l 0.2 ] [1] I
c — c £ [+

Ae Tt — ¢ I II: lf _Lr
0.0 | 0.791 | 0.842 | 0932 | 1.000}} 1.119 | 1.291 1.582 2237 | =

1.0 | 0.784 | 0834 | 0.922 | 0988 1.102 | 1.266 1.535 Z.170 | 6.364

2.0 | 0.764 | 0.813 | 0.895 | 0.956] 1.057 1.200; 1.421 1.840: 3.237

3.0 | 0737 | 0784 | 0.B59 | 0.972|| 0.998 1.116 1.287 I 1.573 | 2.214

4.0 | 0708 | 0.752 | 0.818 || 0.B64| 0.936 1.031 1.162 1.358 | 1.711

5.0 ;06791 0719 0.778 §{ 0.817|| 0.878 0954 1.055 1.996 | 1.415

6.0 : 0651 0.688 | 0.740 || 0.774| 0.824 0.B&7 0566 1.071 | 1.219

7.0 | 0.626 | 0.660 | 0.705 | 0.734|| 0.777 ©.B29 0892 0.973| 1.080

8.0 | 0.602 | 0.633 | 0.674 | 0.699| 0.736 0779 0.831 0.885 | 0.577

9.0 | 0.5681 | (.60% | 0.645 [| 0.668| 0.699 0.736 0,780 0.832 | 0.B96

10,0 | 0.662 | 0587 | 0.620 | 0.639| 0.667 0699 0.736 0779 0831

11.0 | 0.544 | 0.567 ; 0.597 || 0.674| D639 0.666 0.688 0.735) 0.778

12.0 | 0528 | 0.549 | 0.576 | 0591} C.613 0638 0.665 0697 0.733

13.0 | 0.512 | 0.5233 | 0.557 | 0.571) 0.590 Q612 0.636 0.664 @ 0685

14.0 | 0.499 | 0.517 | 0.533 | 0.562 0.570 0589 (©.611 0635 ] 0.662

15.0 | 0.486 | 0.503 | 0.623 || 0.5356; 0.557 0568 0.588 0.B0% | 0.633
16.0 | 0.474 | 0.490 | 0.509 || 0.519] 0.534 0550 0.567 0586 |0.607

17.0 | 0.462 | 0.478 | 0.495 || 0.505) 0.518 0.533 0.548 (0.566 | 0.5B5
18.0 | 0.452 | 0.466 | 0.482 | D.492} 0504 05717 0.531 0.547 | 0.564

19,0 | 0.442 | 0.456 | 0.471 } 0.479] 0.491 0.503 0,516 0.530 | 0.546
20.0 | 0,433 | 0.446 | 0.460 | 0.468] 0.478 0.489 0502 0515 0.529

NOTE 1. 2 = 22 i = de i = 0.5 when flanges are equal
LA A A A ges Bre equat

NOTE 2. Intermediate values ta the right of the swepped line

should be determined from the formola given in note 3 rather

than by interpolation between the tsbulatad values.

NOTE 3 v = [{4i{1 —/)+0.055,2+ ¢ ?}0P 4y} 08

whena

fi=08(2i—1), when 1. = |,

i =2f—1,whan f. < ],

G 7.5 Other cases and alteraniive methods.For cases nos

9.7.2.2 Uniform solid rectangular sections, The value of covered by 9.7.2, 9.7.3 or 9.7.4, or as an alternative,
Ay7 for a beam of homogeneous solid rectangular seétion, ~ 7 My be taken as:
which is uniform between points of full lateral restraint to ~IES
the compression flange, should be taken as AT = vfla .
— cr
A1=2.87 l'/'g’—n where
S is as defined in 8.7.3.1
where ¢, is the maximum compressive bending stress in the
n s as defined in 97.2 beam when, undet the giver pattern of loading, the
#a i5 determined inaccordance with 9.6 beam reaches its theoretical elastic critical buckling
D is the depth of the section in the plane of bending condition as determined by an elastic analysis.

B is the width of the section.
9.7.4 Varying sections. The valus of Ay 1 for 2 beam of o
varying section should be taken as: 9.8.1 General. The limiting compressive stress oy
should be determined from 9.8.2 or 9.8.3, as appropriate
to the type of section and the value of the basic limiting
Stress, ay;.
The value of ¢4i/oy. should be obtained from figure 10
according to the value of:
minimum total area of two flanges at any section in L __

9.8 Limiting comprassive stress

{1.5 — 0.5p} times the value obtained from 9.7.2
or 9.7.3 Using the vatues of ryand v appropriate 1 the
point of maximurm bending moment

where

2t

Gye

~ maximum total. area of twa flanges at any section in L iy
355

L is the distance between points of lateral rasiraint to
the compression llange.
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9.7.4 Varying sections
Add at end:

For the purpose of determining the limiting stress at
the minimum section the valueXyf. shall be

obtained fron®.7.20r 9.7.3assuming that the
minimum section is uniform throughout L.

Add new Clause 9.7.6

9.7.6 Slenderness limitations for plastic analysis

The slenderness paramet®gT,/0yc / 355 for

sections which are assessed using plastic methods of
analysis (se&.4) shall not exceed 30.

9.8.1 General
Add at end:

Where in assessment of the adequacy of a beam
allowance is to be made for initial departures from

straightness of the flangas, measured in accordance

with Table 5 of Part 65, shall be calculatéd from the
equation in Appendix G7 with taken as:

n = 0.004B - 43 + %45@12& - o.oo12]rl2
y

but not less than zero

where

A is the greater of the values measured in
accordance with 4(a)and 4(b) respectively of
Table 5 of B.S. 5400: Part.6 over a gauge
length equal ta the length of the beams
between points of effective lateral support.

y is the diStance in‘the x=direction from the y-y

centroidal axis to the extreme fibre of the
compression flange (see Figure 1).

r is the radius of gyration of the gross cross
sectionabout its y-y axis.
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where nominal yield strass, where £_ i5 abtained from the
ALy is the slenderness parameter derived in accordance unrestrained curve of figure bGorresponding 1o rhe
with 9.7 slenderness raho A of the compression flange.
Ty is. the nominal vield stress of the compressive flange  If the bending moment changes sign between adjacent
material excep! that, where gross section properties  paints of lateral restraint, ¢, should be calculated
have been used for the effective section for separately for each sagginn and hogging zone, with the
unstffensd flanges in accordance with note 2 appropriate values of 1y inaccordance with 9.7
of 9.4.2.4, 5, should be taken as K. times the
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NOTE. For basis of curve, see G.7.
Figura 10. Basic limiting stress ¢
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8.8.2 Compact sections. The limiting compressive
sirass, oy for compact seclions (see 8.3.7) shouid be
taken as ¢y; os derived in 9.8.1.

9.8.3 Non-compact sections. The limiting compressive
stress, gy for non-compact sections, should be teken as
1he lesser of:

where

@y is 8s derived in 9.8.1

oy 15 as defined in 9.8.1

D i the overall depth of the section, including the
cOnCrate in composite constructicn

y, i s defined in 8.7.3.7.

9.2 Beams without longitudinal stiffeners
9.9.1 Bending resistance

9.8.1.1 Genera/ Beams snould be designed in accordance
with 9.8.1.2 or 9.9.1.3, as appropriate.

Bearms with flanges curved in efevation should be
designed in accardance with 9.90 and 9.11. Beams
eonstructed in steges in which the loading and section
properties change shouid be in accordance with 9.9.5.
Ettects dus to differential temperature and concrete
shrinkage shouid be taken into account in sccordance

with 9.9.7. Unsymmetric beams should be additionally
chacked for the serviceability 1imit state in accordance
with 9.9.8.

9.9.1.2 Compact secifons. The bending resistance Mp of
& beam which is 0of compact section, as defined in §.3.7,
should be taken as:

Mp = Zpellc
Ym¥I3
whare

aec ¥ the limiting compressive stress derived in
sccordance with 9.8.2
Zyq is the plastic modulus of the efective section
derived in accordance with 9.4.2.
NOTE. I tha section is composed of cteals having different valuss
of nominal yield stress. Z,, should be hased on the transfomad
asction having o nominal yiald stress squal 1o that of 1he
compression flange.
For composite sections the rransformed arad of the concreme
compression Hangs shouid be/ebtained from:

naf,,

*he concrete flangs ared x
Ty Im

whan
7, is the concreng/cube strength in accordance with Pam 4
dyc is the nominal yield stress of the steel compression flange.
Concrete in  tension should be ignored but  tha
transformed Area of tha reinforgement in concrete
subject to ténsion should be included and obtained from:

0.87F
the grass srea of reinforcement x ¥

Fye A

here f 15 the charactaristic strength of the
relnforcémant 4n  accordance with Part 4.7

§.9.1.3 Mon-compact sections. The bending resistance
Mp of abeam which is pot of compact section (as
defined in 2.3.7) should be taken as the lesser ot:

&

{a) Mg = 2270 o
Tmii3E

(b) Mgy = Zaone
Tmia

wher
Z,e and 2, are the elastic moduli of the secuon with
respect 10 1he extreme compression and to the
sxtreme tensicn fibre, mspectively, based an the
effective section denved in/accordance with 9.4.2
agc is the limiting compressive strass derived from 9.8.3
a4 B the nominal yiel¢ stress of the tension Hange
material
9.9.2 Shear rasistance
9.9.2.1 General. The shear resistance of a web of a beamn
with transverse stiffeners al supponts and with or withaut
intermediate transverse stiffeners should be determined in
sccordance with 9.9.2:2 provided that:
(2} there are no longitudinal stiffaners onithe web of
the compression flange;
(b} the web panel considered has no openings other
than those withinthe limits set out in 9.3.3.2 (a). {b)
or {c);
{c) the provisions of 9.9.4 and 10.6 are met if the beam
is subjected 10 axial load;
{d) the flanges are parallet and straight in slevaticn.
Web panels which do not meet these conditions sheuld
be designed in accordance with 9.11.

§.8.2.2 Shear resistance under pure shear. The shear
resistance ¥ of 8 web panel under pure shear should be
taken #s:

VD 4 [Iw(‘dw - hh] :! T
ImTi3

where

t,, 5 the thickness of the web

dy. =0, the overail depth of a rolled section, or is the
depth of the web measured clear between fianges
of » fabricated section

bhp i the height of the igrgest hole or cut-out if any,
within the pansl being considered, but in the case
of beams without intermediate transverse stiffeners
the hole of cut-out may be ignored at sections
further than 1.5A, longitudinally from the edge of
the hole

T s the limiting shear strength of the web panel
determined from figures 11 ta 17 corresponding &
the values of z,, ¢, My, and the slenderness ratio 4
given by:

le T wra Tyw

) [ 355
If the value of 11/1
thar tha value of

ratioc may ba taken as Kq.

g 15 The depth of wab clear between flange plates for
welded sections, or the depth of web between toes
of angles connacting the web 1a the flanges for
riveted/bolted construction, or is the depth of web
clear of root filiets for rolled sections

Ty

1 = —=
V'3

¥

Oyw 15 the nominal yieid siress of the web material

, the aspect ratio of the panel

$ =

W

a is the clear length of panel between transverse
sliffeners

32
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9.8.3 Non-compact sections

Add at end:

Alternatively, the limiting compression stress, for
non-compact sections may be calculated as follows:

(a) For composite construction where the compression
flange of the non-compact section under consideration
is attached to a concrete or composite slab by shear
connection and the overall width of the slab is not less
than the depth of the steel sectiop,shall be taken as

O'yC

For non-compact sections wilnTJoyC / 355«

45,0IC shall be taken as the lesser of

80”[1.01— o.ooe()\LT oy /355—%0r0yc

(c) For other non-compact sectiou§c, shall be taken
as the lesser of:

SOy oroy

where

o. isasderivedi®.8.1

l
oyc is as defined i9.8.1

S =2]/Z

e XC
Zpeis thg plastic modulus of the effective
section deriveddn accordance witH.2.
Z. is the elastic modulus of the section with
respect to the extreme compression fibre,
based on the effective section derived in
accordance with.4.2.

9.9.1.3 Non-compact sections

Add the following NOTE atthe end:

NOTE: For composite sections, 2nd Z, shall be
based onthe transformed section. The transformed
area of the concrete.compression flange shall be
obtained using.eitherthe short-term or the long-term
modulus of elastieity of the concrete as appropriate to
thetype of loading. Concrete in tension shall be
ignored butthe area of the longitudinal reinforcement
shall be included. 32
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M — & yibi, r{z__ taking the smaller value at the top {b) the distance froms thy mid-.p!ane of the web to
26wt il the nearar edge of the flange, le. tiken as zero if
or the bottom flanges and ignoring any concrete, there is no flange vutstand: or
Bt 15 the smallest of; {c) if there are two more webs, half the clear
- distance between webs.
{ay 104, ,gbti or i is the flange plate thickness
Dt Ty 5 the nominal yieldstess of the tlange materal.

Motes to figures 1T ta 17

d
NOTE1. ¢ — .- shown as follows;
Z o

- - - -

W
o m

—_— - ——— ——

NOTE 2. For definilions of a, ¢, £, 6,,. 1, 80t My, 568

9922

NOTL 3. VYalues of ait, above 1.0, plotted as deotted lines, are
only to be used for interpolation purposes.

NOTE 4, For basis of curves, see G.8,
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Figure 11, Limiting shear strength =; for mp, =0
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9.9.3 Combined bending and shear

9.8.3.1 Webs with intermediate transverse stiffeners.
Beams should be in accordance with the following:

{a) V<V
{b) M < Mg
. M Mg 2V
M > Mg, (__ = _1¢s
(c) ifM=> gthenMD+\1 Mo)(l’n 1)
Vv
(d) ifV:-Vn_then-—+(1—E) 2—-@— )gﬂ
Yo Vo \Mg

For all rolled 1 and channel sections of grade 43 and
grade 5¢ steel in accordance with BS 4 or BS 484B, and
for other beams for which Vg = Vp, the equations given in
(c) and {d} are reduced to:

M Mg {2V
MMy — + [1 -8 ——1)51
My Mp \Vp

where

V  is the maximum shear farce in the panel

Vp is the shear capacity of the panel under pure shear
datermined in accordance with 9.8.2.2

Va is the value of Vp obtained by taking mi, = 4]
when applying 9.9.2.2

A is the maximum bending moment wilhin the length
of the panel

My is the bending resistance of the beam detarmined
in accordance with 9.9.1

Mg = RaLiN but not greater than Mg
Tmi3
dy is the distance between the centroids of the twa
flanges; for a composite flange the distance ghould
be measured from the centroid of the transformed
flange section

Fi = 0{A¢. the limiting force in the flangel io be
taken as the lower vatue for the twa flanges
of =aoy the nominal yield stress for the tension

flange material, or

= gy, the limiting compressive stress defived in

accordance with 9.8 for the compression flange
Ay, is the area of the etfective flange section derived in

accordance with 9.4.2.

NOTE 1. Banding moments up to a value My can be resisted by
a baam if the shear force V is less than 0.5 Vg,

NOTE 2. Shear forces up to o valus Vj, ean be resisted by a beamn
if the bending moment M is less than 0.5 M.
9.9.3.2 Webs with transverse stiffeners at the supports
oniy. For a web having transverse stiffeners at support
positions only, the provisions of 9.9.3.1 should be applied
at al! sections of the beam with ¥V and M dsfined as
follows:

V is the shear fgrce at any section of the beam

M is the coexistent bending moment at the samea

section of the beam.

9.9.4 Combined bending and axial Joad

9.9.4.1 Yielding of beam> All points at all sections of a
beam subjected to combined bending and axial load
should be such that:

PM, M a

A, T 2, Z,

Tm7t3

BS 5400 : Part 3 : 1882

where
P is the axial load in the beamiat the section
under consideration
M, M, are the co-incident bending moments about
the X.X and Y-Y axes respectively

Ag is the effective area of the beam, calculated at
the section under consideration in accordance
with 10.5 or 11.3/as appropriate

Z,.2Z, are the slastic moduli of the effective beam

section about the X-X and ¥-Y axes,
respectively, at the section wnder consideration,
derived from 8.4.2
ay is the nominal yield swess of the part of the

section under consideration.

A beam subjected to combined bending and axial tension

should also be in aécordance with the provisions

of 11.5.2.

9.9.4.2 Buckling of beam. A /beam subjecied to combined

bending 2nd axial compression should be such that:

Pmax+Mxmax Mvmgx %1
PD MD: MDV
where

P, My maz. My may 2re the maximurn axial load, and
bending moments aboul the X-X and Y-Y axes,
respactively (see higure 1), within the middle-
third of the length of the beam between points of
restraint

Pp is the axial resistance derived in accardance with
10.6.1.

Mp 0 Mp, ate the carresponding bending resistances
af the beam, with respect io extreme compression
fibres, determined in accordance with 9.8.1.

A beam subjected to combined bending and axial tension
should also be in accordance with 11.5.2.

9.9 4.3 Compact and stocky members. As an alternative
to 9:9.4.1 and 9.9.4.2, compact sections subjected to
combined bending and axial compression may be
designed in accordance with 10.6.3, provided that they
also rmest tha provisions for slendemess for stocky
members contained therein.

9.9.5 Beams buiit in savaral stages

9.9.5.1 Gereral. Wher the cross-section of a beam and
the applied loading increase by stages, e.g. & stegl
section initially carrying self-weight and weight of
concrete deck but acting compositely for subsequentiy
applied loads, a check for adeguacy should be made
far each stage of corstruction.

9.9,5.2 Compact sections. For beams that are of compact
section, as defimed in 9.3.7. the entire load at any
stage may be assumed to act on the cross-section
of the beam appropriate to that stage.
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9.9.4.2 Buckling of beam
Add at end:
Alternatively, a uniform beam of | section subject to

combined bending and axial compression is deemed to
pass assessment if the following criteria are satisfied:

I/\

Ym\/f3Pmax+ Ym\/f3Mxmax+ YmY 3 MymaxN Y42 En D—I:I é
Ae Zxc Zyc %
where
A, is the effective cross sectional area of
the beam as defined in 10.5.2
Z,. is the section modulus with reference
to the x-x axis and the extreme fibres of
the compression flange
Zyc is the section modulus with reference
to the y-y axis and the extreme fibres in
bending compression

40 K, I OM,,. 058
Ny=1+—%%+ - XMaxXmy~
- Ky OM, O 0O

2
K. = Prax e + EMxmaxE2

Y omEl,  OMg O

Kp = Pmaxla /TCEI,

MCI’ = T[ZE ZX(
ALT
oyc is as defined i9.8.1
T is as defined i9.7.2
isas defined i9.7.2

_ < >

is as defined 19.7.2

e

M Xmax V2M g
= 0.006 15— + 0. 005 - 4 ¥ e
r] % % $ CrK % XmaX%

Bis as defined in Appendix G.7

NOTE: The value oy separately associated with
P Mymax@nd Mymax shall be in accordance with
Table 2, with"due,account of tevalue associated
with M5, andiMy,, as derived i9.9.1and replaced

above by the relevantcdyclymyf3 term in the 37
criterion above.
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9.%9.5.3 Non-compact seciions. For  the beam that s
rot  of compact section, as defined in 9.3.7, the
streszes appropriate to the cross-section and  the
Toading at each stage  of construction should be
calculatad. The sum of the stresses at each stage of
construction should be caleulated separately for bending
about each axiz and for axial load.

The stress at an extreme fibre due to bending about
cne axis should not exceed

if compressive, or

4, -
4=}/ —5 5f tensile,
Y. Y3

In the -mterac:tnon rormu'laa in 8. 9 3 and 9.9.4.2, Vp,

Re and should be taken
appmpﬁat.e %o the cross-sect‘lor at X:ha stage undler
consideration. The applied maments should ba taken as
51 1ons:

Gxxzx for M and H:-u'rax

r M
Oty 707 Mymax

The total stressas at al1 points at all sections should

not excesd:
o
¥
T Y£3
whers
o, are a . are as definad 1n 9.9.1.3, approp-iate to

Ic , A -
the crossfsaction at the stage under consideratians

a and @ are the sums to the stage considered of
the stressdd of the extreme fibres of the sectidn due to
bencing about the X=X and Y-¥ axes respectively.

ard 7 are the alastic moduli of thé effective
§~t1cn r the st tage considerad about tha X=X and Y-Y
axes, respectively, for  the corresponding extreme
fibres.

9.9.6 Webs subjected to in-plane patch foading. The
effacts of in-plane patch loading on a longitudinal edge of
wah should be taken inte account if the transverse stress

a in the web plate cavused by this loading is greater than:

4 55
30\,“, —,'w: e
A Wy ¥ Tyw

where

w  is the width of the patch loading atong the span of
the beam (see figure 6)

tw is the web plate'thickness

o is the depth of web as defined in 8.9.2.2

Ty 18 the nominal yield siress of the web material.

A method for checking the adequacy of & web under
patch loading is given in appendix D,

9.9.7 Differeniial temperature and concrete
shrinkage. [ When, as required by 9.2.1 or 9.2.3,
differential tamperature and shrinkage effects are to
be taken inte account, the effects should be separated
inte the following parts:

38

{a) Stresses forming the internal stress
distribution through the sectien, dignoring any
continuity over supparts.

(b} Bending moments and shears due £0 0 requirements
for continuity over supportS.in a continugus beam,

For the strength checks contained . in 9.9.71 o 9.9.4,
the values of bending moments and ) shears from (B)
should be combined with other load effects as
aparopriate.

For serviceability limit state the stresses calculated
from {a) should be agded to the stresses due to
toad effects (inciuding the moments from (b} asove at
appropriate points on the section}, The resultar:

tetal stresses snouvld not exceed:
-] o
o T
E— or N a5 approzriate.
Tm Y53 Tm Y3

9.9.8 Serviceability check for unsymimetric cross
sections. The smailer flange of unsymmetric beams
designed as compact should be checked for the
serviceability imit state. treating 1he beams as non-
compact.

85.10 Flanges in beams with longitudinal stiffeners ir
the crass—soction

8.10.1 Strength of unstiffenad flanges

Clause 9.10,1.1 Flanges sirasght in efevation, The st-seses
in fthe extreme fibres of a bean with lengitudimal
stifferers on the web, dncluding any re-disiributior
of Streszes from the web, should hot axcesd:

(8)

in compression;
FmvE3
a . .
By 2 in tension;
Tm¥ta
where
g, % as defined in 9.8
gy 15 the nominal yield stress of the flange material.
9.10.1.2 Fianges curved in elevation. Flanges curved in
elevation should be in accordance with 9.10.1.1.
Additionally the stresses in the flange plate inctuding
those due to flange curvature (as celculated in accordance
with 8.5.7.1) should be in accordance with B.10.2.1.

9.10.2 Strangth of stiffened flanges

- 8.90.2.1 Yielding of flange plate. The design of the flange

plate should satisfy the following yield ¢riterion:

2 2 2 ( Gyl )2
ap + 932 — opog + 312 < —
rmiid
whare

o i5 the longitudinal stress at the rnid-plane of the
flarnge plate, dincluding any re-distribution of str
from the web,treated as positive when compressive

my is the co-existent in-plane transverss siress at the
mid-plane of the flange plate. treated as positive
when compressive, due 10 bending of cross beams
ot diaphragms, or due to curvature {see 9.5.7.1}

T =1+ 0561

1, is the in-plane shear stress in the flange plate due
to torsien on & box beam

15 is the shear stress in the flange plate &t the junction
with the web of the beam due 10 shear force on the
beam

ayg 45 the nominal yield stress of the flange plate
material.
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9.9.7 Differential temperature and concrete
shrinkage.

In the last paragraph, insert the following after ‘from

(b):
taking into account the effect of shear lag.

9.9.8 Serviceability check for unsymmetric
cross-sections

Add at end:

However in assessment where

pg = 0.016k> + 0'—k16(pD)k

the section need not be checked for the serviceability
limit state when the partial load factors as given in
BD 37/88 have been used.

In this expression

k = 2 for steel beams; or 1 for composite
beams

al area of
0 the total

P, is the proportion of the secti
the tension flange of the b
area of the beam

Pp is the proportion of unfac
(ie not including superimpo
to unfactored tot

S
&

e
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9.10.2.2 Effective section for longitudinal flange stiffeners.

The effective section of a lengitudinal stiffener should be
1aken as the stiffener combined with a width of flange
plate egual to 0.5K & on sach side of the stiffener,

where

K. is obtained from figure 5 (in accordance with
9.4.2.4) for 2 compression flange, or
= 1.0 for a tensicn fiange

A is the spacing of longitudinal stiffeners.

9.10.2.3 Strength of longitudinal flange stiffeners. The
design of a longitudinal stitfener should be such that:

kpo

(8) oy + 25t 1kg < —" and
Tm7i3
Ki2aye

(b) 0.+ 2511ke2 <
Ymiia

where
& 15 tre longitudinal stress including any

a
re-distribution of stresses from tne wab,

positive when compressive, at the centroid of
the effective secticn of the st.1ffener
14 is the in-plane shear stiess in the flange plate due

to torsion on the heam, always to be taken as

positive

is the nominal yietd stress of the stiffener material
— a7

aye =~oyit = 3t rmiinal

1 is as defined in 9.10.2.1

ayr is the nominal vield stress of the flange plate
matarial

&y and kyp are values of the reduction factor &y

obtained from figure 18
k¢y and k,, are coefficients obtained from figure 18

In using figure 18!
: ‘ /— e hen gbtaining &y and &
L= T L. 3Inr
- Feo Y 358 9 fu ¢!

4
P=— fg;—; when obtaining &, and kg2

LETI'E
W= y“i when obtaining &4
fre
y = 5|IrL‘dzwlhen obtaining klZ
Fas
whaerg

¢ is the spacing/of cross baams and/or diaphragms
which restrain longitudinal stiffeners {for fianges
not stiffened transversely see 9.10.4)

BS 54004 Part 3. 1982

is the radius of gyration of the effective section of a

tongtudinal stiffener aboutthe cantroidal axis

paralle! to the flange plate

¥o i tha distance from the centroid of the effective
stiffener saction 1o the point on the stiffenar
furthest from the plate

y, is the distance from the centroid of the effective

stifiener section 10 the:mid-plane of the flange plate

rl‘

LI Pl
625 2yps 2
ygs is the distance from the centroid of the effective

stiffener seftion to the neutral axis of the cross
sectian of the beam (datermined.in accordance
with 9.4.2)

NOTE. The neutral Bxis ooccurs where the total
jongitudina! stress is 1e10.

e, is the greatest offset of the fiange plate from a
straightline of length £ due ta specified camber or
curvature.

9.10.2.4 Longhudinsily varying moment. If the longitu-
dinal stress in the flange varies within the length £, the
prowisions of 9.10.2.1 should be satisfied at all sections
within the\length ¢ and the provisions of $.10.2.3 should
be satisfied with o, 1aken at a point 0.47 from the end
where the stress is greater.

9.10.3/Stiffened flanges subjected to focal banding

9.10/3.1 Srength. Stiffened flanges subjected 1o bending
due 1o whes! or ather local loads in addition tao in-plane
stresses should satisfy the provisions of 9.10.3.2

and 9.10.3.3.

@10.3.2 Uitimats himit state. Provided that the provisions
of 9:10.3.3 are satisfied, no account need be taken of
local bending stresses when checking a stiffened flange at
the wltimate limit state. Under in-plane forces the
provisions of 9.10.2,1 10 9.10.2.4 should be satisfied.

9.10.3.3 Serviceability im#t state

9.10.3.3.1 Flange plats. The design of the flange plate
should satisfy the following yield criterion at all
sections:

]

(ofz+of)’+(024ozb)’—(cfz+cf)(02+02b)+31' E 'iﬁf'f

Y3
where

Op. @
eifec%s
Lre is the stress at the mid-plane of the flange plate
dué to local bending of the effactive stiffener sectian
gpanning betwsen transverse members

95 is the stress due to Jocal bending at the extreme
ﬁgr‘e of the flange plate spanning between
longitudinal stiffeners and transversa membrane
action,

and 1 are as defined in 9.710.2.1 due toc global

39
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9.10.3.3.2 { ongaudinal stiffeners. The design of the
fongifudinal stiffeners should be such that, at all points in
the region subjected to local moments, the following
provisions are satilied for the serviceability fimil state,
under the combined effects of in-plane forces and lecal
bending:

{a)] stresses m the stifiener due to iocal bending and in-
plane forces should not exceed:

O

¥s
Yendia

o omy =~ 2514k a 1

{o) fa ™ S¥ 01081 + fo = ,and
kpiays Jys  Fm¥ia

280,k 1

(C} [ T1kga + “0-1_1 <

K(aBye Tye Tm¥ez
where

o5y 15 the stress due to tocal bending at the point on
the stiffener furthest from the flange plate
o¢; i as defined in 810.3.3.1
Op. 11. Oys. B0 g, are as defined in 9.10.2.3
kgq and kg, are coeflicients obtained from figure 18
kyqy and ks are values of the reduction factor
determined from figure 18,
For zones of local sagaing moment, Le. causing loca!
compressive stresses in the plate, the values of A 1o be
used in figure 18 are givern in 9.10.2.3.
For zones of local hogging moment, ie. causing local
tensile stresses in the plaic, the values of 1 10 be used in
figure 18 are given by

! /ﬂ =~ ¥m?¥200c
= — (A TS Bnrk g and k
foe \ 358 TR “
i = L J‘fa_l’_--u—-—‘-'_.r""hzo’*' for & 5 and/k
Tse \J| 365 52 1z
whoem

tand s, are defined in 9.70.2.3¢
9.10.4 Longitudinally stiffened flange not stiffened
transvarsely. The longitudinal stiffeners should satisfy
the provisions of 9.10.2 and 5.10.3, butwith £ taken as
fe. given by,
g h075

w15(7)

where

£ is the 1013l width of the stifiened flange between
main beam weks
fee is the secand moment of area of the effective
section ©f gach longitudinal stiffener
I 15 the flange plate 1hickness
n i thé pumber of longitudinal stiffeners in width 5.
89.10.5 Curtaiiment of fongitudinal flange stiffeners
Where longitudinal stiftengss are cortailed. the stiffener
section should be extended beyond the thearetical cut-off
point. The attachment of this extension is required to
develop the load inthe stiffener calculated at its

Ueoln+ 111625

BS 5400 : Part 3: 1982

theotetical cut-off point. This extension should be ignored
for all other strength shecks.

9.11 Webs in beams with lungitudinal stiffencrs in the
cross-section

8 11.1 General. Wehs shouid either be solid or have
openings within the limits set outin 8.3,3.

A “web panel’ is defined & 2n area of web plate boundad
on each transverse edge by a transverse stiffener or a
diaphragm, and on each longnudinal edne either by 2
longitudinal stiffener or a flange of a beam.

An ‘outer panel/is.defined as @ web panel sdjacent to a
flange of a beam.

9.11.2 Strength. The design of web panels should be
such that, at afl points on the panel, the yield critenon
of 9.11.2@nd the buckling critetien of 9.11.4 are both
satisfied.,

Longitudinal web stiffengrs. if any, should satisfy the
provisions of 9.41.5/4nd 9.11.6.

Intermediate transverse stiffeners, if any, should sausfy the
provisions of 913,

9 11.9 Yielding of web panels. The following
condition should be satisfied at all points on the pane!:

2
o

Giel * @38 — G1e03 + 31¢ & (;—f;!:-;)
m

whiere
9. 02, ap, @and T are the coexistent companents of
stress shown in figure 18
{a) in the absence of ransverse stresses in the pansel
{65 =0):
Tig = G4+ 0.7705
where

g4 is the mean longitudinal stress on 2 cross section of
the pane! afier any assumed redistribution in
accordance with 9.5.4, considered positive if
COMmpressive
op is the maximum langitudinal stress due 1o in-plane
bending of the individual panel atter any assumed
redistribution in accardance with 8.5 4, considered
positive if compressive
1t is the average shear stress due to the applied shear
tarce and, in a closed section, due 10 the applied
torsional moment.
HOTE. In this casa it is only necessary 1o satisfy the eriterion at
all points piong the longitudinal edges of the panel.

{b} In the presence of transversa stresses o5 in the
panel;
aie =1+ Koy

wheare

o7 s the transverse stress, considered positive if
compressive

oy. 1 @nd gy, are as defined in {a)
= 2yth or 0.77, whichever Is smaller
is the perpendicular distance from the pomt being
considered o the longhudinal centreline of the
panel, 1o be 1aken slways as positive

4 s the width of panel (see figure 195

41
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9.10.5 Curtailment of longitudinal flange stiffeners
Add at end:

In assessment, where longitudinal flange stiffeners are
curtailed prematurely beyond the theoretical cut off
point, due account of this shall be taken in application
of the foregoing clauses. The arrangement shall always
be checked to ensure the extension beyond any
assumed cut off point is sufficient to develop the
assessment loads in the stiffener. The assessment
procedure shall take due account of the actual end of
the stiffener in deriving the capacity of the
arrangement, by working back to the point where the
stiffener can be assumed to be effective. The resulting
extension shall be ignored for calculating stresses and
other strength checks.

9.11.1 General
Add at end:
Webs not complying with the requirements38.3

(with respect to openings) or ®f11.6(with respect to
partly extended/curtailed stiffeners) shall be d

N
E
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9.11.4 Buckling of web panefs 9.11.4.2 Restramt of web pandls

9.11.4.1 GGeneral. In the case of webs subject to 9.11.4.21 General In order 1o caleuiatétbe buckling
transverse stress as well os other in-plane stresses, the coefficients Ky, K. Ky, and K sequirediin 9.71.4.3. the
maximum intensity of transverse stress ¢, acting over part  effective in-plane boundary restraint of the panel shouid
of the length of a longrtudinal edge, may conservatively be detarmined in accordance with 9.11.4.2.2

be assumed 10 act over the whole length of the panel. or 9.11.4.2.3, as appropriate.

AMernatively, the imethed set out in appendix D may be Any panel not meeting the provisions given in 9.11.4.2.2
wsed. and 9.11.4.2.3 should be treatedras unrestrained.

The transverse stress @5 in each panel of the web shoukd 9.11.8.2.2 Apstraint for detivation of K1, Kq and K,. All
be taken as that at the edge of the pansl nearest to the

rest intartor web panaels (.. not adjacent to & flange) may be
load, caleulated using the dispersion shown in figure 20 treated a5 restidined.

JTTT 4
T ¥ [ ; . 1
7, —_—— = - T 7,
\om I 4 e/
- & | =t ] I
1 \ y
. O [ I I - — | . p R
- r
-—--om] " - g
n e L
% 9 T - 7 7

JU_Lt? 17‘ I I | Birechon of main

Iongifudinal stress
i a ! in the plate panet
|... - : - - T

MUOTE. For transverse web stiMeners see 9,13 3.2, for diaphragm
plate panels seg 9.17.6.5.

Figure 19. Stresses on web panels

- ) [ 3 . Panel Transvarse wy
" $ $1ress o 2 - for
I 1o be usad : Lsa
i ) ¥ for aach panal , in
: ( 2 ] t— over length ¢ D.2
S ) P
— l_:l) —_— ‘71
a1t
= L [ 2
) @2 e 2
i o
2y \i\ i 5 [l a
. B . A 3 a3t
® - CEE
—] (&) Il 4
i J - f
e B L L b | e (") Y 0
ia} Typical panels (L) Treatment of panels

NOTE £ is the camponent of the applied toad in the plane of the web.

Figure 20, Dispersal of load through a longitudinally stiffened web
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Figure 20. Dispersal of load through a

longitudinally stiffened web.

At the end of thtNOTE’, add‘and shall be

compressive or tensile.’ i
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Any web panel adjacent 1o a flange may be treated as For a wab without longitudinal stiffenérs oth flanges
restrained provided that either: should satisfy the criteria given in this clause for the web

{a) its slenderness ratio 1 is less than 24; or 10 be taken as restained.
2 9.11.4.2.3 Restraint for derivation of K;. When the plate
(b} (1) rogy > [%] extends beyond transverse stiffeners bounding a panel by
Tyt — Fm V30t at least & distance a/2, the panel may be assumed
® [0.00025(1 — 24)] restrained.

for 24 £ J £ B4, but ; taken as 84 for 2 > 84 for 9.11.4.3 Buckling coefficients

this purpose only, and 9.11.4.3.1 General. The coefficients &5, K, K, and K
should be gbtained from 9.11.4.3.2, 911.4.3.3 8.11.4.34
and 9.11.4.3.5 respectively, with the panel assumed to
be restrained or unsestrained. in-plang as determined

{2y i i > 66 + 28/¢? then my,, should be greater
than the limiting value obtained trom figure 21.

Where from 9.11.4.2.
b o 9.11.4.3.2 Axial coefficient Ky. Ky should be taken &s the
poo= o [ ined as foil ither:
t \ 355 greater of the walues obtained as follows, either:
b 1,2 {a) from figure 22(a} usingcurve 1 or 2, as appropriale,
e ylVlet ith:
My, = 5 with:
2e Wb ity
tw. Die. Ii. Oye and 6., are as defined in 8.9.2.2 1= 5 |yw
¢ is the aspect ratio a/b as shown on figure 19 tyw \' 355
a and b are the length and width of the panel unlessi is less than 24, when;
tespectively (see figure 19)
op is the langitudinal stress in the flangs Ky = [_W_ 2 204500 or
plate, including any re-distributiet of siresses. 1 b Fyw )
(b) from figure 22(a) curve 3 with:
05 : E . i= E_ Tyw
] I"J' 1y 350
i -
L i uniess A is less than 4.33, when:
H
H s t, 32 BEBO
0L K, = (_w)
1 | a Tyw
f 11 ! where
; " t B the web thickness
: T1TT : gyw s the naminal yield stress of the web material
03 4=T0 : - & and b are as defined in figure 22(a).
: : 9.11.4.3.3 Shear coefficient K. K should be taken from
my, ’ — figure 22(b}, unless:
Il . i b . "
; =54 2 {70 i less than 35 A + (b/a)2
0.2 —+4 t. \/ 355 W (b/a)
Vil
- ¥ : £\ 435000[1 + (b/a)?
HE LY - - when Kg = (—l) #1_]
A Bard i b Tyw
01 fo =3 SESuss where o
—4t tw and oy, are as defived in 9.11.4.3.2
- H'E:Z o g and b are as defined in figure 22(b).
7 anil - 9.11.4.3.4 Bending coefficient K. K, should be obtained
f T8 : from figure 22(c).
= T o B D : #=05 .
L . 300 9.11.4.3.5 Transvarse coefficient Ky, Kz should be taken
0 100 150 200 25 as the greater of the values obtained as fallows:
A-b Fyu {a) from figure 22(a) using curve 1 or 2 as appropiiate
i, 355 with:
NOTE 1. ¢ = a/b (see figtire 19) 1= /Eu
whete tw y 365
& i§ the dimension ot the panel in the direction ol main unless 2 is less than 24, whan:
longituding! siress
b s the panel dimension normal to a. Ko = Tw 2 204 KOO
NOTE 2. For basisiof curves, see G.10, 2 a Tyw ’

Figure 21 Minimum value of my,, for outer panel
restraint
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9.11.4.3.1 General.

Add at end:

Where the out-of-flatness of the plate panels exceed
the tolerance in Part 6, allowance shall be made for
this in deriving the buckling coefficients and their
interaction. A method for this is included in the
accompanying Advice Note.

Where the out-of-flatness of the plate panels is less
than the tolerance in Part 6, allowance may be made

for this in deriving the buckling coefficients and their
interactions.

9.11.4.3.2 Axial coefficient Ig

Add at end:
If stress is tensile thenllx‘- 1.0.

9.11.4.3.5 Transverse coefficientﬁ(

Add at end:

If stress is tensile then2K= 1.0.

$
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(b} from figure 22(a) curve 3 with: where
6 b t,, and o, Bre es defined in 9.17.4.3.2
A== |2 a and b are as defined in figure 22{a).
£,y 355

unless 1 is less than 4,33, when:

2
Ky = (r?w) 6860

Oypw
WY T ; T ) | TTT
0 | ; I ! !
= : : : a5 -
LV L : 1 T ]
| 1 v H L
. 1 ! N 1 L
1) 3 B | L N H | H
¥ s : : i ] —= ] ;
0B % : : 1 : - .
' - I
'[ | H 1 H
1 |
. 1 A ¥ 1
; |
I Curve 11T :
" 1
06 i : : '
y N :
Y T j T
K 3 - - -
Pt Curve 23 N : i
1 . by : |
0.4 > : :
” s ] + - 1
: i i T + !
y SEEL SRR e HEY
I ’ e S s Restrained; :
1= Y i : Unrestramed - :
! ! - i |
02 Y . T +
: Cyrve 33 i
. ;
s " = ; ; -
T T T4 N T - L .
} ] i = . L TIRestrained or unrestrained”]
N 1 i 7 R Py
50 100 150 Z00 250 300
A (Seenoes I and 2 and 9.11.4.3.2 and 8.11 4.3 5}
() X, and X, MNOTE 2. For stresses shown as falkows:
NOTE 1. For stresses shown as follows: i 1 1 l l
J—— -—
— .:j- —— 3
b b 9=2
— Fl -— b 2 b

Ky is the greater value of X, obiained from curve 1 or 2, as

appronr:t*- with: 1 1 1 T T

A= —

t. 358 K is 1he greater value of K, obtained from curve 1 o1 2, 8s
appropriate, with:
of curve 3 with:

—_ ¢ jo,.

A= X%

l-iJ‘iﬂ 4 !.\/;55
t. v/ 350

o curve 3 with:

1, 355

NOTE 3. For basis of curves, see G.11(p}.

Figure 22, Buckling coefficients Xy, K2, X, snd Xp
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n L T H . H ¥ 1 -
" T T
' —H > : i
T ) 1 230 T pite R Pt Gl s
03 n T " T - P - == —1
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| — 1 1 T =
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: H A3 1 : e e — e
f B : (o S - — - i .
i i i I ) i L . ; +
0 50 100 150 200 250 300
asd o
(b} K, (sse 9.11.43.3) T, 355
NOTE 1. For intermediate values of ¢, X, may be obtained by
linear interpolaton betweer hwo adjacent values af ¢ for this
PuUrpose 2 curve may be extended beyond K, = 1 by the
expression in 9.11.4.3.30
NOTE 2. 4 = 8/t shown 85 follows:
1 . j
NOTE 3. For basis of curves, see G.91(b):
Figure 22 (comtinued)
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14 T T T T T
! [ ! : :
1.2 - " - ‘,
H ;
:[ ~— =]
10 - ~4 =
Restrained -
Kb ™ ‘[ .
e
i
08 s Unrestrained
: i I
o
06 -
I : : }
0k ! : L !
S0 100 150 200 250 . 300
=L o
A=y V55
(c) X, (see 9.11.4.3.4)
NOTE. For basis of curves, sex 5.11(2).
Figure 22. {concluded)
9.11.4.4 Interaction buckiing criterion. The following me = ./(m + m2) for positive values of (m +m 2)
condition should be satisfied for each panel: - [m:m_z)] Jo negative values of
me+ m,+ 3mg 51 {my + ma)
egses in the panel: L. 2 .
(a} In the absence of transverse str p my = 4 mYe3 ] 0 be taken 85 negative i
m T ¥m¥3 [ oy K1 {1 — s}
€7 aywki (1 = p) &y s tensile
o aa (2
my = | —Limi3 3 my =(ﬂl"‘?"@) 10 be taken as nepative if oy is
aywxb“ - ) Tywh2 .
tensile
o = (TIm7a
e cywKy where
whare Ky, 0y, Oy and P BrE 85 defined above ) )
. 4 ) «ally highar oy is as dafined in 9.91.3, but the algebraicelly higher
oy is gs defined in 9.11.3 but the glgebrax;a ¥ hig of the two values on the opposite edges should be
of the ‘two values on the opposite edges should be wsed
used W, . K, is 8 coefficient derived in accordance with
" 2
Ky, Ky snd K are coefficients derived in accordance 9.11.4.35
with 9.11.4.3.2_10 9.11.434 _ my and m,, are as defined above.
@ w5 the nominal yield stress of the web material . _
p =0 for a restrained pane!, imespective of any 8.11.5 Longitudinal web stiffeners
redistribution of bending moment or axial force 9.11.5.1 Effective section for longitudine! web stiffeners.
assumed under 5.5.4, or The effective stifener section shou'd comprise the
the proponion of stress assumed 1o be stiffener with a width of web plate on each side of the
radistributed from the panel in accordance stifener connection centreline not exceeding:
with 8.5.4 for an unrestrained panel o
oy, and t are as defined in 9.11.3, but the sverage 166,(1 - p) o 3 0 —p
values over the whole panel should be used. :
{b)In the présence of ransverse stresses in the panel:
46
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where ZFh; . ..
) ) F =—" plus the direct shear/@rising from wind and
{,, I8 the thickness of the web plate 80
p is the proportion of the fengitudinal stress assumed other laterally applied forces, or
to be redistributed from the relevant panel in Zp N
accordance with 9.5.4 pa F= E! when the effects of wind and other iatarally
b is the width of the relevant plaie panel adjacent 1o applied forces are not included
the stiffener.
where

9.11.5.2 Strength of longitudina! web stiffeners. The
design of a longitudinal stiflener should be such that
s
Cee == | 77T
Fmeld

where

ays 15 the limiting stiffener stress obtained {rom

figure 23 using the value of:

& {0y
Fee Yy 355

b?
k¢ =1.0 for contiriuous longitudinal stiffeners, or
= 2§k, or discontinuous lungitudinal stiffeners
¢y is the Iongiudinal stress along the suffener
connection centreline {derived in accordance with
9.5.2), taken as positive if compressive
a3 is the coexisient transverse stress, if any, taken as
positive if compressive

aZ btk
Oeg =Koy + (Z.ST + — oz) Aw. s

5€

T is the average shear stress
E is the clear distance between transverse web
stiffeners

b is the mean of the clear widths of the web plate
panels above and below the line of attachment of
the stiffener under cansideration

is the web plate thickness

A, is the area of eflective stiffener section

k. is obtained from figure 23 usingithe value of:
PR i
5o N 355
rea is the radius of gyration of the effective stiffener

section about an X-X axis parallel da the web (see
figure 13,

9.11.6 Curtaiiment of longitudinal web stiffaners
Where longitudinal stiffeners are curtailed, the stiffener
section should be extendad beyond the theorstical cut-off
poinl. The attachment of this extension is required to
develop the load in the stiffenerwhich is calculated at its
theoretical cut-off point. This extension should be ignoted
far all other strength checks.

9.12 Restraints to compression flanges

9.12.1 Elements providing effsctive intermediate
discrete Iateral restraints:Where the effective length is
determined in accordance with 9.6.2, the compression
fiange should be provided with effective lateral restraints
by means of bracing members. The bracing members
should be so arranged and proportioned that at all
transversé sections of the beam a restraining ateral shear
force £ can be resisted, having a value equal to:

TP is the sum of the greatest forces intwo of the
compression flanges of the beams connected by
the bracing at the section under consideration.

9.12.2 Intermediate U-frame rastraints

9.12.2.1 Genersl. Intermediate U-frames may be used to
provide lateral restraint as required by 9.6.5; an effective
lateral bracing or decking system should be provided at
the teve! of the cross member.of the U-frame along the
entire span. When reguited, intermediate U-frames should
be designed in accordance with 9.12.2.2 and 8.12.2.3,

9.92.2.2 Strength. Where the effective length is
datermined in accordance with 9.6.5, each intermediate
U-frame and its connections should be designed to resist.
in‘addition 1o the effects of wind and other applied forces,
the effect of horizantat forces £, acting hormal to the
compression flange at 1he fevel of its centroid given by

Fl

Fig {e
F =4 — "1 ) _=_ but not greater than
u (ﬂci'_ O'fc) 6674 g

_ffc_j_ £l
Gei—ae /16702
whers

Zo. 6, 1, and {, are as derived in 9.6.5
gy, Is the maximum compressive stress in the flange

=2ES
dei =
¢ ipr?
5 = 2g./2Z, for compact sections {see 9.3.7). o

= {2y, for nan-compact sections

Z,e isthe plastic modulus of the section {ses 8.8.1.2)

Z,. is the elastic modulus of the section with respect
10 the extreme cormpression fibre

D is the averall depth of the section

y, is the distance from the axis of zero stress 1o the
extreme tension fibre of the section
NOTE 1. in composie construction with the concrete in
ension the extrerne libre is the outer surface of the
ensile eintorcing steet.

At is as derived in 9.7.

When thete are several interconnecting beams, two such
forces £, should be applied, in the same or opposite
directions, in such a way 2s to produce the most severe
effect in the pant being considered.

NOTE 2. When 8 concrete deck constitutes the whole or part of
the cress member of the U-frame, in accordance with 9.6.5. only
those shear conneclors on the main beam fange, which are
within half the effective width of the concrete deck acting with or
a5 the cross member, shauld be assumed 1o transmit the |oad
effects at the comer of the U-lrame.
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9.11.5.2 Strength of longitudinal web stiffeners
Add at end:

Where in assessment of the adequacy of a longitudinal web stiffener allowance is to. be made for initial
departures from straightneﬂssk, measured in accordance with Part 6 over a gauge length takerllsas a,
and ksshall be calculated from the equations in Appendix G12ittken as:-

_ - 157{{1.2A,, - 0.0016)yL
n = 0.0083(A - 15+ g‘ X % X 2 5
se O

but not less than zero.

in this expression
y is the distance from the neutral axis of the effective stiffenerto the extreme fibre under
consideration

A, is taken as positive when the bowing is in a direction away from the extreme fibre under
consideration.

The strength shall be checked for both the‘extreme fibres in the outstand and in the associated web plate

9.11.6 Curtailment of longitudinal web stiffeners They may, however, be used in assessing the stability
of the web under shear and/or compression provided
Add at end: they are terminated not more than four times the web

thickness from the transverse stiffeners. In carrying
In assessment, where longitudinal webstiffeners are out such stability checks the longitudinal stiffeners
curtailed prematurely beyond the theoreticalcut off shall be assumed to carry a compressive stress equal
point, due account of this shall be taken in‘applicatioiio that in the web plate calculated in accordance with
of the foregoing clauses. The arrangement shallalwaye above.
be checked to ensure the extension beyond any
assumed cut off point is sufficient to deyvelop the 9.12.1 Elements providing effective intermediate
assessment loads in the stiffener, The'assessment discrete lateral restraints
procedure shall take due account of the actual end of
the stiffener in deriving the'capacity of the Delete the whole clause and substitute the following-
arrangement, by working'back to the point where the
stiffener can be assumed to be effective. The resultingvhere the effective length is determined in accordance
extension shall be ignored for caleulating stresses andith 9.6.2 the beam shall be provided with an
other strength checks, but may be used in assessingeffective restraint system which has sufficient strength

stability in accordanee with.11.7. and stiffness to inhibit lateral movement of the
compression flange relative to the supports. This shall

Add New Clauge 9.11.7: be provided by (a) lateral restraints or (b) torsional
restraints.

9.11.7 Discontinuous longitudinal stiffeners not
connected to transverse stiffeners

Where longitudinal stiffeners are discontinuous, i.e.
they are fitted between transverse stiffeners and are
not adequately connected to them, their area shall be
ignored in calculating the stresses in the cross se2t7ioi1.

November 1996 Y. A/105
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where ZFh; . ..
) ) F =—" plus the direct shear arising from wind and
t,, I8 the thickness of 1the web plate 80
p is the proportion of the longitudinal stress assumed other laterally appliad forces, or
to be redistributed from the relevant panel in Py :
accordance with 9.5.6 F= 20 when the effects of wind and other iatarally
& is the width of the relevant plale panel adjacent 1o applied forces are not included
the stiffener.
where

9.11.5.2 Strength of longitudinal web stiffeners. The
design of a longitudinal stiffener should be such that

s

Gee = -
fmld

where
gy, 15 the limiting stiffener stress obtained from
figure 23 using the value of:

fee % 35B

b?
k¢ =1.0for contiriuous longitudinal stiffeners, or
= 2§k, or discontinuous longitudinal stitfeners
¢y is the ongitudinal stress along the suffener
connection centreline (darived in accordance with
9.5.2), taken as positive if compressive
a5 is the coexisient transverse stress, if any, taken as
positive if compressive

aZ btk
Oeg =Koy + (Z.ST + — oz) Aw. s

5€

T is the average shear stress
E is the clear distance between transverse web
stiffeners

b is the mean of the clear widths of tha/web plate
panels above and below the line of attachment of
the stiffener under cansideration

is the web plate thickpass

A, is the area of eflective stiffener section

k. is obtained from figure 23 using tfie value of:
i= 2 iy
5o \ 355
ree 18 the radius of gyration of the effective stiffener

section about an X-X/(gxis parallel 1a the web {see
figure 13,

9.11.6 Curtaiiment of fongitudinal web stiffaners
Where longitudinal stifféners are curtaiied, the stiffener
section should be exténdad beyond the theoretical cut-off
poinl. The attachment of this axtension is required to
develop the load int the stiffener which is calculated at its
theoretical cut-off point. This extension should be ignored
far all other strength checks.

9.12 Restraints to compression flangss

9.12.1 Elements providing effsctive intermediate
discrete lateral rastraints. Where the effective length is
determined in accordance with 9.6.2, the compression
fiange should be provided with effective lateral restraints
by means of bracing members. The bracing members
should Be so arranged and proportioned that at afl
trdnsverse sections.of the beam a restraining !ateral shear
force £ can be resisted, having a valve equal to:

TP is the sum of the greatest forces in two of the
compression flanges of the beams connected by
the bracingrat the section under considaration.

9.12.2 Intermediate U-frame rastraints

9.12.2.1 Genersl. Intermediate U-frames may be used to
provide lateral restraint as required by 9.6.5; an effective
lateral bracing or decking, system should be provided at
the teve! &f the cross member of theyU-frame along the
entire span. When reguited, intermediate U-frames should
be designed in accordance with 8.12.2.2 and 8.12.2.3,
9.92.2.2 Strength. Where the effective length is
datermined in accordance with 9.6.5, each intermediate
Usframe and its connections should be designed to resist.
in addition to the effects of wind and other applied forces,
the effect of horizantat forces £, acting hormal to the
compression flange at'ihe fevel of its centroid given by

Fie {e
Fo4{— 1 | _=— butnotgreater than
Y (ﬂci'_ O'fc) 6674 g

_ffc_j_ £l
Oei— fge J 16702
where

fo. 8, 1, and {, are as derived in 9.6.5
gy, 15 the maximum compressive stress in the flange

=2ES
dei =
¢ ipr?
5 = 2Zge/Z, for compact sections {see 9.3.7). o

= {2y, for nan-compact sections

Z,e isthe plastic modulus of the section {ses 8.8.1.2)

Z,. is the elastic modulus of the section with respect
10 the extreme cormpression fibre

D is the averall depth of the section

y, is the distance from the axis of zero stress 1o the
extreme tension fibre of the section
NOTE 1. in composie construction with the concrete in
ension the extrerne libre is the outer surface of the
tensile reinforcing steel.

At is as derived in 9.7.

When thete are several interconnecting beams, two such
forces £, should be applied, in the same or opposite
directions, in such a way 2s to produce the most severe
effect in the pant being considered.

NOTE 2. When 8 concrete deck constitutes the whole or part of
the cress member of the U-frame, in accordance with 9.6.5. only
those shear conneclors on the main beam fange, which are
within half the effective width of the concrete deck acting with or
a5 the cross member, shauld be assumed 1o transmit the |oad
effects at the comer of the U-lrame.
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(a) Lateral restraints Each intermediate restraint should be capable of
resisting forces F appropriate to the restraint under

Lateral restraints should be capable of consideration for which the assumed compression

resisting force F and should either be  flange forces should be the maximum which occur at

connected to an appropriate system of the restraint, or if greater, at.a position midway

plan bracing capable of transferring the between the restraint§.and the adjacent restraints

restraint forces to the supports or else  (including any support restraint present which should

connected to other beams or part of the be assumed to be an intermediate restraint for this

structure capable of fulfilling this purpose). The restraint system'should be designed to

function. resist the most severe effects arising from forces F at
one restraint only within any length of flange in

It should be noted that where two or more&compressions\ertical'component forces arising from

parallel beams require lateral restraint atapplication of forces F.should be taken into

intervals, it is not adequate merely to consideration in design of the beams and restraints.

connect the compression flanges togetheAny ecéentricity of the bracing members with respect
to the'line ofaction of forces F should be taken in

(b) Torsional restraints account.’

Torsional restraints should be capable 0f9.12.2.2 Strength

resisting two equal and opposite forces F

applied normal to the beam and in the/ Delete the definition for 'S' and substitute the
planes of its two flanges. following:

Torsional restraint shall be provided by ‘S=7 |7
means of a suitable diaphragm between pe xe
twobeams or equivalent triangulated Delete the definition for 'y
lateral bracing such that the beams Delete the entire ‘NOTE 1.

transfer the restraint effects by equal andChan &NOTE 2’ to ‘NOTE 1
opposite vertical shears to'the supports. 9 '
Restraint shall alternatively be provided

by external means. Add at end:

When a bridge with compression flanges restrained by
U-frames is to be assessed using measured deviations
of the flanges from straightness, the horizontal forces,
F,shall either be calculated by non-linear elastic
analysis with the measured deviations from
straightness allowed for in the initial geometry, or from

The force F should be taken as:

F= ZPf/SO when the effects of wind

and other laterally-applied
forces are included,

y the following:

F =3P/40" when the effects of wind F.12,.8 9% B
and other laterally v Gt
applied forces are not but not greater than
included:

where 48 Elg H St

__ ¢ -bpD
3 F _ 0
Fu Fci SfcC

2P, is the sum of the greatest ~ where
forces in two of the Af  is the initial departure from straightness of
compression flanges of the the compression flange at the position of
beams connected by the the U-frame measured in accordance with
bracing at the restraint under Table 5 in Part 6 at the mid-point of a
consideration. 47-2 gauge length G equal to the greater of 1.2
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where ZFh; . ..
) ) F =—" plus the direct shear arising from wind and
{,, I8 the thickness of the web plate 80
p is the proportion of the fengitudinal stress assumed other laterally applied forces, or
to be redistributed from the relevant panel in Zp :
accordance with 9.5.8 pa F= E! when the effects oflwindand other fatarally
b is the width of the relevant plaie panel adjacent 1o applied forces are not included
the stiffener.
where

9.11.5.2 Strength of longitudina! web stiffeners. The
design of a longitudinal stiflener should be such that
a
Cee % s
Ymia

where

ays 15 the limiting stiffener stress obtained {rom

figure 23 using the value of:

& {0y
Fee Yy 355

a2 btk
Oeg =Koy + (Z.ST + 0z oz) Aw. b
k¢ =1.0 for contiriuous longitudinal stiffeners, or
= 2§k, or discontinuous lungitudinal stiffeners
¢y is the Iongiudinal stress along the suffener
connection centreline {derived in accordance with
9.5.2), taken as positive if compressive
a3 is the coexisient transverse stress, if any, taken as
positive if compressive

5€

T is the average shear stress
E is the clear distance between transverse web
stiffeners

b is the mean of the clear widths of the web plate
panels above and below the line of attachment of
the stiffener under cansideration

is the web plate thickness

A, is the area of eflective stiffener section

is pbtained from figure 23 using the value of:

;= 2 (s
Tea \ 355

is the radius of gyration of the effective Stiffener
section about an X-X axis parallel 10 the web (see
figure 13,

9.11.6 Curtaiiment of longitudinal web stiffaners
Where longitudinal stiffeners/@re curailed, the stiffener
section should be extended beyond the theorstical cut-off
poinl. The attachment of this axtension is required tG
develop the load in the stiffener which is calculated at its
theoretical cut-off point. This extensian should be ignoted
far all other strengthchecks.

9.12 Restraints to compression flangses

9.12.1 Elements providing effsctive intermediate
discrete Isteral resteaints. Where the effective length is
determined in‘accordance with 9.6.2, the compression
fiange should be provided with effective lateral restraints
by means of bracing members. The bracing members
should be so arranged and proportioned that at all
transvers&sections of the beam a restraining ateral shear
force £ can be resisted, having, a value equal to:

Tse

TP is the sum of the greatest forces imtwo of the
compression flanges of the beams connected by
the bracing at the section under consideration.

9.12.2 Intermediate U-frame rastraints

9.12.2.1 Genersl. Intermediate U-frames may be used to
provide lateral restraint as required by 9.6.5; an effective
lateral bracing or decking system should be provided at
the teve! of the/cross member of the U-frame along the
entire span. When reguited, intermediate, U-frames should
be designed in accordance with 8.12.2.2 and 8.12.2.3,

9.92.2.2 Strength. Where the effective length is
datermined in accordance with 9.6.5, each intermediate
U-frame and its connections should be designed to resist.
in addition 1o the effects of wind and other applied forces,
the &ffect of horizantat forces £, acting hormal to the
compression flange at 1he fevel of its centroid given by

Fl

Fig {e
F o={—+ £ | —=—, but not greater than
v (ﬂci'_ O'fc) 6673 g

_ffc_j_ £l
Ge;— e /16702
wherne

fo. 8,1 and {, are as derived in 9.6.5
ofs I the maximum compressive stress in the flange

%2ES
Tei |5 7
¢ ipr?
5/ = 2ge/Z, for compact sections {see 9.3.7). o

= {2y, for nan-compact sections

Zye isthe plastic modulus of the section {ses 8.8.1.2)

Z,. is the elastic modulus of the section with respect
10 the extreme cormpression fibre

D is the averall depth of the section

y, is the distance from the axis of zero stress 1o the
extreme tension fibre of the section

NOTE 1. in composie construction with the concrete in
ension the extrerne libre is the outer surface of the
ensile eintorcing steet.

At is as derived in 9.7.

When thete are several interconnecting beams, two such
forces £, should be applied, in the same or opposite
directions, in such a way 2s to produce the most severe
effect in the pant being considered.

NOTE 2. When 8 concrete deck constitutes the whole or part of
the cress member of the U-frame, in accordance with 9.6.5. only
those shear conneclors on the main beam fange, which are
within half the effective width of the concrete deck acting with or
a5 the cross member, shauld be assumed 1o transmit the |oad
effects at the comer of the U-lrame.
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times the effective Iengtre] tletermined inaccordance
with 9.6.50r 9.6.6as appropriate or twice the spacing
of the U-frames along the beam.

Where a beam with intermediate U-frames is not
rigidly restrained at its supports ($2&2.4.2 Fu shall
be factored by:
0 O
o 4, O
——0
6 sU

with Ietaken asell in accordance witB.6.5

where

0, Iu, IC are as defined i9.6.5
6e is the value 06 for an end sup
> 15 is the sum of the value ofdfor

each of the intermediate U
within a Iengthéadjace e
support

n is the number of suppa
to the half-wavel

NOTE: In assessment of a beam for w
than L o shall be taken a%

where

in accordance with
ropriate

ius of gyration of the
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NOTE 1. For the design of longitudinal web stiffensrs {see
91162 use i= .

NOTE 2. Fatahe design of t7ansverse web stiffeners (see 8.13.3),

bearing stifferiers {s52.9.14.3 and 9.94.4), and disphragm
stiffeners (sae 91763 and 817.6.7) use =,

NOTE 3. For besis of curves, see G.12.

Figure 23. Paramesters for the design of web stiffensers
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9.12.2.3 U-Frames with cross members subjected 10 vert ical

foading. The following additional effects sheuld be

included for U-frames with cross members subjected to

tive loading.
(a) Additional torces £, applied 1o the U-frame, in the
same manner as £, in 8.12.2.2 resulting from the
interaction between the bending of the cross members
and vertical stiffeners, which may be taken as:

3E6,8
[ dzz

where

Iy sand d are as defined in 8.6.5
¢ is the rotation in radians of the cross member ot its
junction with the main beam under consideration,
under the {pading used in caiculating o4 (see
9.12.2.2).
NOTE. @ may be calkcumed neglecting any interaction
barweer the cross member and vertical stifteners of the
U-frame. The rverage value of 8 should be used for cross
mambers within a non- unifomly iosdad portion of the
span.
{t) For all highway and reilway bridges. except deck
type highway bridges with the cross members formed
entirely by 8 reinforced concrete deck up to grade 30
concrete {see Pars 4 and 7). the lateral flexure of a
compression Range due to loading on 8 crass member
should be considered. & method of detemmining the
resulting transverse moment, and of combining 1t with
other eHfects, may be obtained from appendix E.

9,12.3 Continuous restraint provided by dack
9.12.3.1 Deck ot compression fiengs fevel. When a deck
is continuously connected to the main beams at the level
of the compression flange, the deck and its £onnections
should be capable of withstanding a lateral restraining
force equal to the greater of 2.5% of the force w the
tlange 81 the point of maximum bending moment in the
absence of forces resulting from direct transverse loading,
or 1.25% of the force in the fiange et the point of
maximum bending moment plus all forces arising from
direct trensverse loading. This lateral restraining force
should be uniformly distributed/@long the span of the
main beams.
9.12.3.2 Deck not at compréssion Henge level, Where the
effective length of the main beams is determined in
sccordance with 9.8.8, the deck and webs and their
connections should be designed to resist, in addition to
the afects of wing and other applied forces, 1he sffects
due 1o the following,

(a) Horizonta! forces £, per unit length, acting normal

10 the compression flange at the level of its centroid

given by:

f-( Ffc ) {y
v Oej— Ofe 8676

whare

?, and 3 are as derived in 8.6.6
1 andho,; are defined in 9.12.2.2.

49
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When there are saveral interconnected beams, two such
farces f, should be applied, in the same ar opposite
direction, in such a way as 1o prod uce the most severe
effect in the part being considered.
{b) Horizontal forces 7, per unit length, applied in the
same manner as £, in (a), resulting from the interaction
of bending of the deck and the main beam webs which
may be taken as:
Et,38
c = 4d22
where
t,, sng o are as defined in 9.6.6
§ is the rotation in radians of 1be deck at its junction
with the web of the main beam under con-
sideration, underthe loading used in calculating o
(see 9.12.2.2).
NOTE. § may be caltulated neglecting any intaraction
berween the dock. and webs of the main baam. The
average value of # should be usad within a non-uniformiy
loaded portion of the epan.
{c}-For all highway or railwey bridges, except deck type
highway bridges with the cross members formed
gntirely by reinforced concrete deck of up to grade 30
concrete (see Paris 4 and 7), the |ateral flexure of a
compression flange due to loading on a cross membar
should be cansidersd. A method of determining the
resuiting trensverse moment, and of combining it with
other effects, may be obtained from appendix E.
9.12.4 Rastraint at supporis
9.12.4.1 Restraining forces. All beams, including
cantilever beams, designed in accordance with 9.6, should
be restrained against rotation about their own axes at
sach support in accordance with the following provisions
and 9.12.4.2, as appropriate.

Th restraining system should be capable of resisting, in
sddition to the co-existent effects of wind, frictional and
other applied forces, two equal and opposite forces Fp
applied normal to the beem and in the planes of its two
flanges.

Where several beams are restrained by 8 common laterat
member, two pairs of such forces should be 1aken, in the
same or opposite directions, such as to produce the mosi
severe effect in the part under congidaration.

The value of each force Fg shoutd be taken as the larger
of Fy or Fy, as given in (a) and (b} as follows.

a rEDY mpx Ay are

@) A1 = 7 EWia,, — om0}

where

@,y is dependent on the parsmeter £, /r, and is
given in figure 24

£, is determined in eccordence with 9.6

y is defined in 9.7.2

D is the overall depth of the basm st the support

timsx i5 the maximum thickness of compression
flange in the spans on either side of the
supporl under consideration
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9.12.2.3 U-frames with cross members subjected to
vertical loading

In item (a), delete the expression fog ‘&nd the

definitions for i d2 and @and substitute the
following:

+
15El,
where

d2, 0, 1u and Icare as defined i9.6.5

0 s the rotation in radians of the cross
member at its junction with the main
beam under consideration assuming that

the cross member is simply supported,
under the loading used in calculat'm'g
(see9.12.2.2. The average value 6f
should be used for cross members

a non-uniformly loaded portion of the
span.

9.12.3.2 Deck not at compression flange
Add at end of (a):-

When a bridge with compression f
the webs is to be assessed using mea
of the flanges from straightness, the h
per unit Iengthl}‘shall be calc i
linear elastic analysis with
allowed for in the initial g
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R,  is the vertical reaction from the bearing

W is the total vertical load on the spans adjacent
t© the support under consideration

gy; IS the maximum compressive stress in the
flange, averaged over ihe whole flangs, aither
a1 the suppert under consideration or in the
span either side of it

o.i is as defined in 9,12.2.2.

{B) F; is determined from {1} to {4) as appropriate.
{1) When the compression flange is restrained
iateraily batwean points of support by an effective
system of bracing, or by a continuous deck in the
plane of the compression flange (see 9.12.3.1), /5
should be taken as 2.5% of the maximum force in the
compression flanga either at the support under
consideration or in the span on either side of it.

{2} When the compression flange is not restrained
laterally between points of support:
00040 M
Fy= ———ci
(oci—or)D
where

oic and o, and O are as defined in (a)

M is the |argest bending moment occurring either
at the suppon under consideration or in the
span on either side of it, whether sagging or
heogging.

{3} When the compression flange is restrained
lateratty between points of suppart by a system of U-
frames complying with 9,12.2;

F1=2(F, + F)

where

£, is as derived in 8,12,2.2

F. is as derived in 9.12.2.3(a).

{4} When the beam Is continucusty restrained by the
deck so that its effective length is determined n
accordance with 9.6.56.2:

F2 = Z(fu + fc} ({91 -+ fez)

where
f, and {, are as derived in 9.12.3.2
{y1 and {2 are the effective iengths of the beam on
gither side of the support under consideration.
9.12.4.2 Stitfness. Where bearing stiffeners are usad to
provida the sole torsional restraint at the support sections
of the beams, they should/mest the stiffness criteria of (a)
or {b) as follows, in addition ta the criteria of 9.14
relevant 1o their function as bearing stiffeners.
(a) Stiffener acting as cantifever. A bearing stiffener

acting as a cantilever from the bottom flange lavet
should be such/that

R
Iy= 0.57:‘_703!' T Wv

wherg

Iy is the second moment of area’of the effective
stiffener section about its X<X axis detarmined
in accordance with 9.14,2 (see ‘igure 27)

aLT D, &t max. A, and W are as defined in 9.12.4.1.

{b) Stiffener as part of U-frame. A bearing stiffener
acting as parl of a U-frameshould be such that:

1

—_— 2
:‘LTErf maz

where

a7 and 2y .. 3te as defined in 9.12.4.1

J s as derved in 9.6.5.
9.13 Trarnsverse web stiffeners other than at
SUPPOrts

9.13.1 General. Wabs of plate girgers, box girders and
rolled beams should be provided with transverse stiffeners
at all points where these are necessary for the adequacy of
the web piate and the léngitudinal stiffeners, if any.

A transverse web stiffanar should be provided at all
locations where 4 web connects with a cross beam and
wliere a sloping flange changes direction.

Each end of the transverse stiffener should be stopped off
or shaped 10 allow space for a root fillet or weld
connecting ihe wab to the flange where these occur, with
a clearance not exceeding five times the thickness of the
wab, as shown in figure 1. The stifferer should extencd
over the whole remaining depth of the web and be fitted
closely to the flange at each point of appiication of a
concentrated [oad to the flange.

Where cul-ous are pravided in transverse stiffeners to
allow the passage of longitudinal stiffeners, at least one
side of the opening in the transverse stiffener should be
cleated to the longitudinal stiffener with at least two boits
of rivels per side of the connection, or by full perimeter
waiding of the cleat. or at least one-third of the perimeter
of the cut-out should be connected 10 the longitudinal
stiffaner by welding.

A transverse web stiffener may form part of a cross beam,
cross frame or U-frame,

9.13.2 Effective section of transverse web
stiffaners. The effective stiffener section should comprise
the stiffener with a portion of weh plate of width &, on
each side of the stiffener connection centreline taken as
the lesser of:

E)
162, or =
"2

where

t,, is the thicknass of the web plate
@ is the spacing of transverse web stiffeners.

Where a stiffener outstand is stopped clesr of the flange,
the effective stiffener section between the end of the
outstand and the flange should be taken as a portion of
weh plate only of width b,,, on each side of the stiffener
connection centreline for applying the provisions

of 9.13.6.2.
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9.12.4.1 Restraining forces

Add at end of (b) (2):-

In assessment where the imperfections of the beam have been measured, the é/ahaélde

calculated from:-

: ] g &
FoMp 9elos Do O 1 DAg
"R el oot
E% bo O H o0 H A

0 is the twist of the mid span of the beam
relative to the mean of the departures
from verticality at its supports, each twist
being measured @s,/D in accordance
with 4(b) in Table 5 in BS5400 Part 6.

Ot QéDSmear@
A= — + A
Gci 15 Fmea

A is the mean of the value AE at'the

DSmeanI
two end supports anl. 4. is the'mean

of the values of\_for the top and bottom
flanges respectively measured in
accordance with 4(a) in Table 5 in
BS5400 Part 6 over a gauge length L

A onShall beftaken as positive afid

shall be taken as positive when it
corresponds to a displacement of the

compression flange relative to the tension

flange in the same directionas, .
Add at end of (h),(3):-

In assessment where the imperfections of the beam
have been/measuregshall be taken as,Fwhere:

1
F% =Ez(Fu +Fc)+F2

F2 is derived from the assessment
addition in9.12.4.1 (b) (2)

Z(F +F) / Isthe'sum of the Forces Bnd F
for each of the U-frames within a
length 1.2 | of the compression
flange derived in accordance with

9.12.2.2 and 9.12.2.3(a)
9.12.4.2 Stiffness

(a) Stiffener acting as cantilever

Add at end:

Ifthe maximum compressive stress within a length |
adjacent to a support derived in the assessment of a
beam is less tham) as given ir.8.1the second
moment of area of a bearing stiffener acting as a
cantilever, |, shall exceed the lesser of the foregoing
limit or

9tfmaxD?) &

O O 0w
%IEE VAo - D%)\"LT 70
y H rHH

where

t is as defined i9.12.4.1

fmax

| , D, r andA, _ are all as defined i8.7.2
e y LT
\Y is as defined in the notes to Table 9

Ayr isthe value ok | to be used to obtain a

value ofo, equal to the maximum
compressive stress by use of Figure 10.

November 1996

y AT115

Volume 3 home page [ . ED



Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Annex A

Volume 3 Section 4
Part 11 BD 56/96

BS5 5400 : Part 3 : 1982

X

v i the vertical reaction from the bearing

W is the total vertical load on the spans adjacent
t© the support under consideration

gy; IS the maximum compressive stress in the
flange, averaged over ihe whole flangs, aither
a1 the suppert under consideration or in the
span either side of it

o.i is as defined in 9.12.2.2.

{B) F; is determined from {1) t0 {4) as appropriate.
{1) When the compression flange is restrained
iateraily batwean points of support by an effective
systemn of bracing, or by a continuous deck in the
plane of the compression flange (see 9.12,3.1), £;
should be taken as 2.5% of the maximum force in the
compression flange either at the support under
consideration or in the span on either side of it.

{2} When the compression flange is not restrained
laterally between points of support;

_ 0004e M

(90— 0r)0

whera

2

oic 8nd o, and D are as defined in {a)

M is the largest bending moment occurring eithar
at the suppon under consideration or in the
span on either side of it, whether sagging or
heogging.

(3} When the compression flange is restrained
lateratty betwesn points of support by a system of U-
frames complying with 9.12.2:

Fa=2(F + F.)
where
F, is as derived in 9,12,2.2
F. is as derived in 9.12.2.2(a).
{4) When the baam is continucusty restrained by the
deck so that its effective tength is detémined in
accordance with 9.6.56.2:
F2 = Z(fu + fc} ({91 -+ fez)
where
{, and {, are as derived in 9.12.3.2
{y1 and {2 are the affectivé iengths of the beam on
gither side of the support under consideration.
9.12.4.2 Stiffness. Where bearing stiffeners are usad to
provida the sole torsional restraint at the support sections
of the beams, they should meet the stiffness criteria of {a)
or {b) as follows, in addition to the criteria of 9.14
relevant 1o their function as bearing stiffenars.
(a) Stifferer acting as cantifever. A bearing stiffener

acting as a cantilever from the bottom flange lavet
should be such that

R,

Iy= 0.67&}_703“ max Wv

wherg

Iy s the second moment of area,of the effective
stiffener section about its X-X axis dgtarmined
in accordance with 9.14,2 {see figure 27)

aLT. Dt max. A, and W are as defined in 9.12.4.1.

{b) Stiffener as part of U-frame. A bearing stiffener
acting as parl of a U-frame should be such that:

_._.1— =4
:‘LTErf maz

where

2y 7 and 2y .. are as defined in$:12 4.1

J s as derved in 9.6.5.
9.13 Trarnsverse web stiffeners other than at
SUPPOrts

9.13.1 General. Wabs of plate girders, box girders and
rolled beams should be provided with transverse stiffeners
at all poinis where thess are necessary for the adequacy of
the web piate and the longitudinal stiffeners, if any.

A transverse web stiffanar should be provided at all
locatigns whers 4 web connects with a cross beam and
where a sloping flange changes direction.

Each end of the transverse stiffener should be stopped off
or shaped to allow space for a root fillet or weld
connecting the web to the flange where these occur, with
a clearance not exceeding five times the thickness of the
waeb, as shown in figure 1. The stifferer should extend
over the whole remaining depth of the web and be fitted
clasaly to the flange at each point of application of 2
concentrated load ta the flange.

Where cul-outs are pravided in transverse stiffeners to
allow the passage of longitudinal stiffeners, at least one
side of the opening in the transverse stiffener should be
cleated to the longitudinal stiffener with at least two boits
of rnivels ger side of the connection, or by full perimeter
waiding of the cleat. or at least one-third of the perimeter
of the cut-out should be connected 10 the longitudinal
stiffaner by welding.

A transverse web stiffener may form part of a cross beam,
cress frame or U-frame,

9.13.2 Effective section of transverse web
stiffaners. The effective stiffener section should comprise
the stiffener with a portion of weh plate of width &, on
each side of the stiffener connection centreline taken as
the lesser of:

E)
162, or =
"2

where

t,, is the thicknass of the web plate
@ is the spacing of transverse web stiffeners.

Where a stiffener outstand is stopped clesr of the flange,
the effective stiffener section between the end of the
outstand and the flange should be taken as a portion of
weh plate only of width b,,, on each side of the stiffener
cannection centreline for applying the provisions

of 913.6.2.
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(b) Stiffener as part of U-frame
a) absence of web stiffeners where cross beams

Add at end:- connect to the web;
If the maximum compressive stress within a length leb) absence of web stiffeners,where a sloping
adjacent to a support derived in the assessment of a flange changes direction;
beam restrained by U-frames at its supports is less
thano,_as given in 9.8.1 the value @f, may be C) where thesstiffener does not extend over the

Cc

taken as:-

27

24 )

elja%_ LTD2
Y yéa_%%

o4

whole depth of the'web onis not fitted closely
to the flange at a point of application of a
congentratedload to the flange;

d) where cut outs are not properly connected to
the longitudinal stiffener

but not greater than the value obtained from Figure Z%he asse8sment may ufilise the relevant aspects of

factored by I/%, where v, eI r,A\ . and\" _ are as
y' LT LT
defined in (a) above.

Add new item (c)

(c) Other support stiffeners

9.14.6and9.125.6

As analternative to the provisions®13.3t09.13.6

the adequacy of the transverse stiffeners or deep webs
with longitudinal stiffeners may be assessed using the
methods 09.15.6 In this case the longitudinal

stiffeners shall also be checked at the serviceability

If the bearing stiffeners are not rigidly supported on “{imit state as for the flanges in accordance with
their bearings or of a type other than a cantilevertheg 19'3.3

requirements d.12.4.2(b)shall be met, witld
calculated as for U-frames.

Add new clause 9.12.5:
9.12.5 Restraint to plastic hinges

All structures which are assessed using plastic

methods of analysis in accordance with 7.4 shall

provide lateral restraint close.to all locations of

plastic hinges which mayccur underthe various
load cases. Such restraint shall be provided within
a distance along the member from the theoretical
plastic hinge locations not exceeding.half the depth

of the member.

9.13.1 General

Add at end:

In the assessment of existing arrangements where
transverse stiffeners are not provided in accordance
with the.above, local effects shall be considered.
Detailed analyses shall be carried out to cater for

local effects resulting from the following:-
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NOTE 1. £, is the effective length for lateral torsional buckling.

NOTE 2. 7, is the radius of gyration of the whale heam abdut its
Y- axis {see hgure 1).

NOTE 3. For basis of curve. see (G3.13.

Figure 24. Coefficient «_; for torsional restraint at supparts

9.13.3 Loading an transverse web stiffeners

8.13.3.1 Effects to be considered. A transverse stiffener
should be designed to resist the following load effects,
where these are present:

{a) axial force due to tension fighd action, in accordance
with 8.13.3.2;

{b) axial farce representing the dastabilizing influence
of the weh, determined in accordance with 3.13.3.3;

{c) axial force due to trangfer of 0ad through a cross
frame or cross beam;

{d} axial force due to load applied at flange level;

{a) axial force due 10 curature of flange, in accordance
with 9.13.3.4;

{f} axial force due'to chunge of slope of flange;

{g) bending moment about an axis in arparallel to the
plane of the wab, arising from eccantricity of axial force,
or from flexure of a cross beam, cross frame, U-frame or
deck.

NOTE. When only (b) is applicable Lhe stilfencr may be designed
in accordance wilh 8136

51

9.13.3.2 Axiaf force due to tension field action. Tension
field action shoutd be assumed to occur in ary web panel
when the average shear stress in the web panel, ¢

{see 8.5.1), is greater than 1, given by:

e T
o= 36E 1+(--)1(—“’] i1 - r-1—(—]
8 \'b, N 29F rw;

/r \2
when J1<2.Bf(f-) . or

IS BT
7o =D when g4 22.95{ :)

wheara

a s tha panel langth, ie. the dimension in the
direction of the main longitudinal stress {see
figure 19)

b is the panel width, i.e. the dimension perpendicular
to the direction of the main tongitudinal stress (see
figure 19)
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tw s the thickness of the web
a4 is the average longitudinal stress in the web panel,
to ba taken as positive when compressive,
calculated without redistribution of moment or axiat
force to the Panges.
Tension field action should be assumed to cause a
compressive force £, in the adjacent transverse stiffener
aver its entire length, given by:
Fow= (1 — ToMya Or
{1 — 1)1 fs whichever is the smaller,
where
¢, s the length of the transverse stitlener, measured
along the siifferier as the clear distance between
the flanges of the beam.
When £, differs on the two sides of a transverse stiffener
the average value may be taken.
When there are longitudinal stiffeners on the web, the
average of the two smallest vatues of 1, occuming in the
web panels to one side of the transverse stiffener should
" be used in determining the value of F,,, for that side.
The force F,,, is 1o be taken as acting in the mid-plane of
the web.
9.13.3.3 Axial force representing the destabilizing
influence of the web._ In order to resist buckling of the
web plate the effective stiffener section should be
assumed 10 carry, alang its centroidal axis, a compressive
force £, given by:

(52
Fai = twksop

@max

£y is defined in 9.13.3.2

8max 15 the maximum spacing of transverse stiffeners

which would ensure the adequacy of the web and

longitudinal stiffeners. It may consgrvatively be

taken as o {see figure 1}

5 the thickness of the web

ks is obtained from figure 23 using the slendermness
parameter A determined from

1=t (%
1
ree s the radius of gyration of the effective stiffener
section about the centroidal axis X-X (see
figure 1)
A ap
o =g+ (1 + 22 |{a +=2
" ® {stw)( e )

tp is equal to t'er 14, whichever s less. {see
9.13.3.2)

LA, is the surh of the cross-seciional areas of all the
longitudinal stiffeners on the web not including
eny edjacentweb plate

gy is the average longitudinal stress in the web,
takenas positive when compressive, calculated
withoutany redistribution to the flanges {see
figure Z5)

g, is the maximum value of the stress in the web due
10 bending alone, calculated without any
redistribution of moement to the flanges, as
permitied by 9.5.4, and always 1aken as positive
{see figure 25).

For a longitudinally stiffened web, the force F,; should be
factored by 5,

where

1

3
1404 (Eg)6”
fa3

s =

£l is the sum of the moments of inertia of the effective
sectian of all thedongitudinal web stiffeners in
depth £, derived in acgordance with 9.11.5.1

I is the moment of inertia of the effective section of
the transverse stiffener.

ay &4

+ - *

P :

-a‘b

Figure 25. Longitudinal stress in webs with
transverea stiffensers

0.13.3.8 Axial force due to curvature. The web plate
included in the effective stiffener section should be
considered 1o be subjected to an axial force Fg given by:

_ TBitibue
! Ricos

whera

@, 8y, t;, Ry and § are as defined in 8.5.7
b Is as defined in 9.13.2.

813.4 Distribution of axial loading. The force in a
stiffener due ta load applied at flange level, or due to
curvature or change of slope of a stressed flange, or doe
to transfer of load through & cross frame, should be
assumed to vary uniformly along the length of the stiffener
from the value at tha point of application to zero st the
emote end of the stiffener.

The force in a stiffener due to tension field action or
restraint of web buckling should be assumed as constant
over the length of the stitfener.

9.13.5 Strength of transverse web stiffeners
9.13.5.1 Yieiding of web plate. The maximum equivalent
stress a,, in the portion of web plate included in the
effective stiffener section due to all the relevant forces and
moments Histed in 8.13.3.1, except in item (b), together
with coexistent shear and longitudina! stresses, should not
exceed:

ﬂ'vw
YmVi3
where

e -l|| (a.l + Kob)’ + O a1 - GasE(G‘I - Kcm) + 31R=

o, iz as defined in 9.13.3,3

g, is the longitudinal bending stress in the web

Geqz is the transverse stress in the web plate forming
part of the effective stiffener section
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9.13.3.3 Axial force representing the destabilising
influence of the web

Add at end:

In the assessment of the adequacy of a transverse web
stiffener, where allowance is to be made for initial

departures from straightness,, measured in

accordance with Part 6$ ghall be calculated as
described i®.11.5.2

s
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1p i the tesser of 1 and 1, defined in 8.13.3.3
&  is as defined in 9.11.3({b)
oyw i5 the nomina! yieid stress of the web plate.

8.13.5.2 Yielding of stiffener. The maximum stress in the
stiffaner at every point along its entire length between the
flanges due to all the relevant forces and moments listed
in 9.13.3.1, except in item {b), should not exceed:

ﬂy_s

Ymita
where
#ys 15 the nominal yield stress of the stitfener material.

In areas wheare cut-outs are provided an appropriate
reduced effective section should be taken.

Where the end of a stitfener is fitted closely to the flange
of a beam, whether to meet the provisions of 8.13.1 or
otherwise, the bearing stress over the area in contact
should not exceed:

1.33a:[s

Ye 713

In catcutating this stress, the effecuve bearing area should
be taken to consist of enly those portions of the area of
the stiffener and web plate that are:

(a) in contact with the flange;

(b} clear of the weld or ropt fillet at the web flange

junction;

{c) within dispersal lines drawn at 60° from the line of

apptication of any local Yoad through the thickness of a

tlange plate {see figure 28).

Dispersal
ling

1

Dispersal

'\line

Yy _

N
S

&0°
\ Bearing
s tength
{ 1 I ]
Bearing
tength

Figure 26. Dispersal of load through a transvarsely
stiffened web

89.13.5.3 Buckiing of effgctive stiffener section. The
effective stiffener section defined in 9.13.2 should be

suth that:
P + M. 1
Agedrs  Zu0yg Q Im¥13
where

P and M, are, respectively, the 1otal maximum force on
the effective stiffener section and the iotal
maximum momenl about the centroidal axis paralle!
ta' the weby, due to all the retevant ipad effects
givens in 8.13.3.1 within the middle-third of the
stiffener length

53
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s 1 determined from figure 23 using the value of the
slenderness parameter . determined from

Ay
r5e Y 355
f; is as defined in 9.13.3.2
A, and rg, are the area and radius of gyration
respectively of effective stiffenensection
Z, is the lowest elastic section modulus of the
effective stiffener section about the X-X axis over
the middte-third of the length ofithe stiffener
ays is the nominal yield stress of the stifener material.
9.13.6 Transverse ‘web stiffeners without applied
foading. Where a transverse stiffener is subjected only to
the load effect of 2.13.3.1(b). it need onty be designed to
satisty the following:
op * Aseamax°15
ns‘stw.ls"rm‘ffE
whaere
GR. max- kg, and f,, are as defined in 8.13.3.3
A, and iz are as defined in 8.13.5.3
f.( is as defined in 9.13.3.2.
fl. = 1 for webs without longitudinal stiffarers and
= defined in 913303 for longitudinally stiffened
wabs

9.94 Load bearing support stiffeners

9.14.1 Genarel. Webs of plate girders and rolled beams
shall be provided with a system of load bearing stiffeners
at each support position. Hergafter these will be referred
t0 as baaring stiffeners.

The section of a beating stiffenar should be symmetrical
about the mid-plane of the web. When this condition is
nat met, the etfect of the resulting eccentricity should be
taken into accour.

The aends of a bearing stiffenar shoutd be closely fitted or
adeguately connected to both flanges. They should ba
shaped to allow space for any root fillet or weld
connecting the web 1o the flange. with & cleararice not
exceeding five times the thickness of the web (see

figure 1).

Where cut-ouls are provided in bearing stiffeners, to allow
the passage of longitudinal stiffeners, at least one side of
the apening in the bearing stiffener should be cleated to
the longitudinaf stitfener with at least two bolts of rivels

. per side of the connection, or by full perimeter welding of

the cleat, or at least one-third of the perimeter of the cut-
out should be connected 10 the lonpitudinal stiffener by
welding.

A bearing stiflener may be used to provide torsional
rastraint 10 a beam at its support, as required by 8.12.4.2;
it may also form part of a cross beam, cross frame o U-
frame.

8.14.2 Effactive section for bearing stiffanars

9.14.2.1 Single ieg stiffener. The effective stiffener section
should be taken to comprise the stiffener with a portion of
web plate on each side having a width not exceeding the
foilowing (see figure 27(b)):

{a) half the spacing of transverse stiffeners;

{b) the distance to the transverse edge of the web plate
at the end of a beam;

{c} 16¢,,, where {,, is the thickness of the web plate.
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9.13.5.3 Buckling of effective stiffener section.
Add at end:

Where in assessment of the adequacy of a transverse
web stiffener allowance is to be made for initial

departures from straightnes%(, measured in

accordance with Part Gls shall be calculated as
described i9.11.5.2

9.14.1 General
Add at end:
In the assessment of existing arrangements where

bearing stiffeners are not provided in accordance with
the above, local effects shall be considered. Detailed

connected to the longitudinal stif

Where bearing stiffeners are not provide
accordance with the above, the ad
under transverse loading shall be
accordance wit9.14.6.

53

analyses shall be carried out to cater for local effects
resulting from the following as appropriate:
a) where the stiffener does not extend
the whole depth of the web or is not fit
closely to the flange;
b) where cut outs are not proper
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9.14.2.2 Multilag stiffeners. The effective stiffener section
should be taken to comprise the stiffenars, the web plate
between the two outer legs, Bnd a portion of web plate
not exceeding the widths given in 5.14.2.7 on the outer
sides of the outer legs.

It the spacing of the iegs of adjacent stiffeners is greater
than 25t,,, the legs should be treated as independent
stffeners according to $.14.2.%.

9.14.3 Loading on besring stiffanars

8.14.3.1 £ffects to be considered. A stiffener shoutd be
designed o resist the following Joed effects, whete these
gre present.
{(8) An axial force equal to the aigebraic sum of the
maction from the supporn bearing and the venical
components of the forces in the adjacent bottom flange
or flanges, due 1o slope Or curvature.
(b) An pxial force representing the destebilizing
influence of the web, determnined in accordance
with 9.14.3.2.
(c) Axial force due to transfer of load through a cross
frame or cross beam.
{d) Bending moments about the X-X o Y-Y &xes (as
shown in figure 27} arising from sccentricity of axial
force about the relevant anes, determined in accordance
with 9.14.2.3, or from flexure of a cross beam, Cross
frame, U-beam or deck.
(¢} Bending moment about the X-X axis due to
transverse forces Fp determined and applied in
accordance with 8.12.4.1. This moment should be
assumed to be appiied 10 any bearing stitfener which, as
8 cantilever or part of a U-frame, is the sols means of
providing the restraint required by 95.12.4.
{(f) Bending moment ahout the Y-Y axis due1o shear in
the web adjacent to an end bearing stiffener
(see 9.14.3.4) in the case of beams with intermediate
transverse web stiffeners.
9.14.3.2 Axinl force representing the destabilizing
influence of the web. In order to resist web buckling, the
effective section of a bearing stiffener a1 an internal
support of & continuous beam should be assumed to carry
an edditional compressive force Fi; Blong its centroidal
axis squal to:

42

Fui= toksOR

Fmax

where

=1+ A + 2
° L AT e

tw: #max. ky. z A‘. ¢y Bnd op M2 AS defined in
91333

t;, i as defined in 9.13.3.2.
For a longitudinally stiffened web. F,,; may be {actored by
ng. Where n i 85 given in 8.93.3.3.
©.14.3.3 Eccentricity. Load effects due to eccentricities
arising from the following causes should be taken into
sccount, when relevant

{8) movements of the beam relative to the bearing due

10 changes in temperature;

(k) changes in the point or tine of contact at the
spherical or cylindrical surface of a bearing due 1o slope
of the beam when deflected by load;
(c) uneven seating which may occur on s flat bearing
surface;
{d) inaccuracy which may occur in positianing of the
beam relative 10 the bearing.
The following values of ecceniricity may be assumed 1o
satisfy the provisions of {c} and (d):
{1} hatf the width of the flat bearing surface plus
10mm for flat-toppediracker baaring in contact with
flat bearing surface; of
{2) 3 mm for raciused upper bearing resting on fiat or
radivsed lower part, of
{3) 10 mm for fiat.upper bearing resting on radiused
lower part.
9.14.3.4 End supports. When the shear stress 1 in the web
of a beamn at a seclion adjacent to an end support stittener
is greater than 1, the supparnt stiffener, together with any
additional stitfening which may be provided at the end of
the beam-(see figure 1}, should be desipned 1o resist an
additional bending moment A, about the axis through the
centroid of the end saction perpendicular 1o the web, ie.
the ¥-Y axis shown in figure 1, given by:

Bl1 — 15)ufi?

M, = >

whemn

o0 (075

f,. @ Bnd b are as defined in 9.13.3.2
?, i the length of tha bearing stitiemer, measured along
the stitaner as the clear distance between the
fianges of the beam
f4/15 the slope in degrees of the diaganat line jaining
the top of the beering stiffener o the bottom of the
adjacent trangverse sliffener, as shown in figure 27.
If there are longitudinal stiffeners on the web, the average
of the two smallest values of 1, in the web panels in the
section should be used.

NOTE. For beame without intsmediate wanswerse web stiffeners.
M, may be taken a5 2010

9.14.4 Strength of bearing stiffensrs

9,14 4.1 Yielding of the wek plats. The maximum
equivalent stress o, determined from 9.13.5.1, in the
portion of web plate included in the effective stiffener
section due to all the relevant forces and moments listed
in 9.34.3.1, except itam {b), together with coexistent
longitudina! stresses in the web plate, should not exceed:

va
Fm¥13
whare

Tyw I8 the nominal yield stress of the web plate.

§.14.8.2 Vielding of stiffener. The maxitmum stress in the
stitferer itself, at every paint along its length, due to all
relevent load effects listed in 9.14.3.1, except item (b).
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9.14.3.3 Eccentricity.

Add at end:

In assessing the adequacy of an existing stiffener,
where any error in positioning and any unevenness
of seating on a flat bearing is measured, the following

values of eccentricity shall be taken into account in
respect of (c) and (d) above.
(1) half the width of the flat bearing
surface plus the measured error in
positioning for flat topped rocker bearing in
contact with flat bearing surface: or
(2) the measured error in positioning for
radiused upper bearing resting on flat or
radiused lower part or for flat upper
bearing resting on radiused lower part.

Q
$
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Bearing attached to substructure

{a) Dispersal of stress

Lessar of

. 164, or to
Lesser of 16 4 or af2~

Single teg stiffener

(b) Effective section

end of heam

BS 5400 : Pan 31 1582

{
L5° L50
6% 60°. .
i fq
I Elastomeric M N

]
é
Roller bearing N
bearing ' Y
45° '
S \‘
450
A
600 TR 60° I f'/"ﬂ \
l' | 60° 60°
Radiused bearing } L J

Bearing attached to beam

End of ! L
beam X i—x

-\Haximum of 25K, for
treatment as one
mulkiteg stiffener

1

Lesser of 16£, or af2
Lesser of

164 or af2 Double leg stiffener

NOTE. Dispersal lines lig continuousty in metal from their grigin.
Where a 60" dispersal angle is shown, 1his s the maximum that

may be assurmad,

Figura 27. Bearing stiffeners
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calculated on the basis of the effective section as
determined under 8.14.2, should not exceed.

s
T3
where

6ys is the nominal yield stress of the stiffener material.

In areas where cul-outs are provided an appropriate
reduced effective section should be taken,

The bearing stress over the area of the end of a bearing
stiffener in contact with a flange should not exceed:

1330,
Fm¥i3

in calculating this stress, the eHective bearing area should
consist of only those portions of the area of the stiffener
and the web that are:
{2) in contact with the flange; and
{b) clear of the weld ar root filter at the web flange
junction: and
{c) within the uninterrupted dispersal lines drawn at a
maximum of 60° to the line of application of the bearing
reaction from the bearing contact area (see tigures 26
and 27},
9.14.4.3 Buckiing of effective stiffener section. The
effective stiffener section, as defined in 9.74.2, should be
such that:
AT 1

P M My My
Agetits Zydy  Zyay Loyly Fmi13

where

£ s the maximum force on the stiffener within/ the
micdte third of its length

M, and M, are the maximum bending moments an
the stifener about the X-X and Y-Y axes,
respactively, (see figure 27) due to atl the relevant
load effects listed in 9.14,3.1, except item {f},
within the middle-third of the length of the stiffenar

Agy is the area of the effective stiffener section

o1g 15 as defined in 5.13.5.3

Z, and Z,, are the appropriate section moduli of the
effective stiffener section

M‘, iz as defined in 9.14.3.4

Z., is the section modulus of the end section, as
described in 9.14.3.4

a, is the nominal yigld stress of the web plate or the
stiffener, as appropriate.

9.14.5 Stitfness of bearing stiffeners. A bearing
stiffenar, acting as a cantilever from the bottom flange
levet or as part of a U .frame, which is the sole means of
providing the restraint required by 9.12.4.%, should be in
accordance with 9.12.4.2{3) or {b}, as appropriate.

8.15 Cross beams and other transverse members in
stiffenad flanges
9.15.1 Gengral
9.15.1.1 {gading. Where transverse members are provided
on flanges or decks they should be designed for the
following: .
{a) to transfer lgcal loading from the flange or dack to
the webiof main beams;

() to distribute loading transversely to the main beams;
{¢) 10 withstand forces arising from a léngitudinal
change of slope of a tlange.

NCTE. In bax girders, a Hlanga transverse mamber may also be
part of an internal cross frame or diaphragm,

9.15.1.2 Compression flanges. u_sddition 10 the
provisions of 9.15.1.1, compression flangs transyverse
members should have sufficient stiffress and strength o
prevent overall buckling of the flange. A member designed
in accordance with 9.15.3 and 9.15.5 may be deemed to
satisfy this proviston.

9.15.1.3 Transverse member supportvAll flange transverse
members required by 9.15.1.7 or 9.15.1.2 should be
supported by transverse web stiffenars at main beam
webs, unless a specialiinvestigation is undertaken 10 show
such stiffening td be unnecessary. Transverse members
required for a flange projecting from an Guter main beam
should be continuous with the transverse member
between main beam webs.

9.15.2 Effective section for transverse mambers

9.15.2.1 £fective section for stiffpess. In determining the
stiffness of a transverse membear for global analysis and for
overall buckling of @ compressian flange, an effective
width of attached flange showuld be essumed 1o act with
the member, on each side aof the web of the cross member
where available, and should be 1aken as the lesser of:

{a} half the spacing of transverse members; or

(b) either
{1) one-eighth ohihe distance between main beam
webs, for 2 portion between such webs; or
{2) one-sixth of the cantilever length, far a cantilever
partian.

This effective width should be taken as constant over
each relevant portion of the transverse member.

MOTE. When the flanga consists of composite reinfarced
poncrets, the reinforcement within the effective width, but not the
pencrete, may e laken into account i calculating the overall
buckling strength of the compression flange, but both
reinforcement and concrete may be taken into account for global
analysis.

5,15.2.2 Effective section for strength and strass
cafculation. For calculating stresses in, of the strength of,
a transverse member, the etiective section should be taken
as for stifiness {see 9.15.2.7), but with the following
modifications:

{a} when, in a non-composite transverse member, the
pttached flange is in compression parallel to its axis
{e.g. in the sapging moment zone of a top flange
transverse member) the effective width on each side of
the web of the cross member should not exceed one-
quatter of the transverse member spacing;

{b) between main beam waebs, in the porion subjected
to hogging bending moments, the effactive width on
each side of the web of the crass member should nat
locally exceed one-fourtesnth of the distance between
main beam webs,

{c) when the effective widths on two sides of a main
beam web are unequal, an average value shouid be
teken for the section at the main beam web;
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9.14.4.3 Buckling of effective stiffener section

In the defnition for P, deletwithin the middle third 9.15.1.2 Compression flanges
of its length'.

Add at end:
Add new clause 9.14.6:

Compression flange transverse members which do not
9.14.6 Unstiffened web at supports comply with the requirements 8f15.3and

9.15.5shall be assessed imaccordance @itt.6
9.14.6.1 Strength of web

The strength of an unstiffened web shall be taken
as the limiting value of patch load P, as determined
in accordance with Appendix D.

9.14.6.2 Buckling resistance of web

The buckling resistance Rf an unstiffened web
over a bearing shall be taken as:
PD — O¢ beff tv
YmVYi3
where
o, istheultimate compressive stress
about an axis along the centredine
of the web obtained from /o /in
accordance with Curve C o? Figure 37,
NOTE: In using Figure 37 Ishall
be determined taking account of the
lateral and rotational restraint of

the flange.
b isthe effective breadth of web obtained
from
by = (o + &)
but not greater than the width
available (see Figure 27).
d is the overall depth of the beam;
S is the bearing length.

y,, < Istaken as,1.05for ultimate limit
state.
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{d) in the case of composile flanges, the area of 8 s the spacing of the main beam webs 8t the level
concrete in tension should be ignored; of the transverse member
(e} the effective thickness of the cross member web a is the transverse member spacing [(of mearof

should be determined in accordance with 5.4.2.5.

9.15.2.3 Compact section. Imespective of the effective
width of flange, transvarsa members attached 1o a

continuous deck may be taken as compact if ther webs Iy

and flangs outstands meet the appropriate provisions

of 9.3.7.

9.15.3 Stiffness of frensverse members in N%T
and,

compression flanges

9.15.3.1 Transverse member segmant types. In order to Tong
satisty the stiffness provisions of 9.15.1.2 for a transverse
member supporting a compression flange, the entire
length of the effective member should be divided, for K
analysis, into the following segments {see figure 28):

(a) type 1 segments between interior webs of main
beams;
{b) typa 11 segments comprising any cantilever and the
adjacent length to the first interior beam web.
NOTE For cross sactions with only two main beam webs, one
segment of rype 11 will encompass the tull length of transverse
member, including cantilevers (if any).
9.15.3.2 Stiffness of transverse members. Transverse
members should be designed such thar:

P 9012384}4'2
be & TYEKEZ),

where
e is the average second moment of area of the
effective transverse member (see 9.15.2.1) between
main beam webs
¢y is the longitudinal compressive stress in the flange
of the main bearn, averaged acrass the width of the
segrnent between main beam webs

adjacent spacings)

is the area per unit width of the cross section of the
flange of the main beam

ts the second moment of area per unit widih of the
fiange of the main bearmuabaout the centroidal axis of
the flange

E 1. 44 and Iy should include any longitudinal stiffeners,
in the case of a concrete or composite flange. cancrete

areas divided by the modular ratic,  Where there are

itudinal stiffenées, A and [; should ba

caleulated on the basis of the efFective eection of
the merber derived in agcordance with 9.4.2.

=24 for type | segments (see 9.15.3.1) with apen
longitudinat stiffeners {but see note 2 for closed
stifteners), or,

for type Il segments {see 8,15.3.1), K should be
obtained from figure 29(a) or (b) for cantilever
overhangs on one or'bath sides respectively, for the
appropriate vatues of Iy, /1, and 8. /8 provided
that the following limitations are taken into
account:

{a) lengitudinal stiffeners are of open type (but see
note 2 for closed stiffeners}; and
(b} {{and @y are constant over the whaole segment
including cantilevers; and
(¢) either:
(1} there are no edge members at the cantilevar
tips; or
(2) the edge member is unable 1o carry
longitudinal stress because of its structural
detailing; or
{3) the radius of gyration of the edge member
gbout its centroidal axis is not less than 1.65
times the radius of gyration ol the flange of the
main beam

8./and I, are the length and the average effective

second moment of area, respectively, of the

S 3 3

(a) Cross section

Type i

Segment typell
j

1
TN
. ./ |/

K from figure 29(a}or (blas appropriate

{b} Cross section divided inio seqments betwesn webs, with
canblevers taken as integral pamns of the adjacent internat segmaent
{see 915.3.1)

NOTE. X 'should be taken fiom appendix F when any of the
mquirements of 3.16.3.2 are not met.

Figure 28. Segments of transverse membars
continuous over threas or more webs
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cantilever portion of the transverse member (see
figure 29},
NOTE 2. For closed longiudinal stiffeners, values of the
buckting coefficient X may be either Laken conservatively as
given above ot be o ined more acc ly from
sppendix F. For cases not in accordance with the limitations
given in (b} or {c}, values of the buckling coefficient X may bs
determined from appendix F.

9.15.4 Loading on transverse members

9.15.4.1 £ffects to be considered. Transverse members
should be designed to resist the load effects due to the
following:
(a) dead and live loeding placed locally over the
transverse members;
{b) transverse distribution of ioading between the main
beams (see aiso 9.15.4.5);
(c) restraint of distortion of box girders;
{d) creep and shrinkage of concrete, and differentiat
temnperature (but see 9.2.1.3 and 9.2.3.2);
{e} longitudinal curvature of the main flange in
elevation (sea 9.15.4.2);
{f) change of longitudinal siopa of the main
flange (see 9.156.4.3);
{g} profile deviations from the specified profile in
glevation of a compression flange (see¢ 9,15.4.4).

Mathods of application of the loadings given in (a) to {g}
are given in 9.15.4.5.

8.15.4.2 Flanges curved in elevation. When a flange of a
main beam is curved in glevation, the transverse member
should be designed 1o resist a load equal to:

P{a
Ry
where
P; is the longitudinal force in the flange

g is the distance between fransverse members
Ry is the ragius of curvature of the flange.

The direction of the inad on the transverse member should
be assumed to fe such as to increase tha flange Curvature
in & compression flange, or decrease it in a/tension flange.

915.4.3 Change of Hange sfope. At 8ny change in the
ipngitudinal slope of the flange of the main beam. a
transverse member should be designed to resist.a Ioad
equal to the component of the longitudinal fiange force in
the plane of the web of the transverse mamber.

G.15.4.4 Profile devigtion in compression flangas. A
destabilizing forcs sheuld be assomed to act an gach
portion of each trensverse mambar, in either direction in
the plane of its web, in such 3 way as 1o maximize the
load effects at the section of the transverse member under
consideration. The magnitude of this force should be
taken as:

(8) Ps/200 perunit width, distributed uniformly aleng

the length of portions of transverse members between

adjacent main beam webs; and

(b)Y P/ 200 per unit width, distributed uniformly aiong

the fength of any cantilever portions of transverse

mermbers; and

{c) Py Ay /1604 congentrated at & longitudinal

stiffaning member at the cantilever tips, if this is capable

oftransmitting longitudinal stress;

wherg
Py is the average longitudinal compressive force per
unit width in the reievant portion of flange between
pdiacent webs of main beams
P is the average longitudinal compressive force per
unit width in the flange attached 10 & cantilever
portion of a transvetse member
A, is the area of thelcross section of the longitudinal
stiftening member st the cantilever tip
Ay is the area of the cross section per unit width of the
flangs attached ta the cantilever portion of the
transverse membersyinclusive of any longitudinal
stiffeners. In the case of a concrete or composite
fiange, the area of the concrele divided by the
modular talio should be included.
9.15.4.5 Application of foading
9.15.4.5.1 Loadings which cause substantially the same
effacts on a series of transverse mambers along the fength
of the flange (e.g. the efiects of dead load, or of creep
and shrinkage of concrete) should be considered 1o be
applied.direcily 1o the transverse membes under
consideration.
©.15.4.5.2 Loadings which may cause substantialfy
different effects. en-adjacent transverse members (e.g. the
effect of traffic loading on a deck supporied by the
transverse members) should be distributed over seversl
transverse members, Any suitable elastic method (eg. &
griflage analysis) may be used to determing the maximum
effects on the transverse member under consideration,
feglecting the destabilizing effect of longitudinal flange
siress in compressive flanges.
NGQTE. & non-iinear analysis including the destabilizing effect of
iongitudinal flanpe stress may be used to determine the maximumn
effects of the load diswribution on the transverse member under
congickration, in which case. when applying 8.15.4.5.4, j,=1.0.
9.15.4.5.3 For tension flanges, the effects from 8.15.4.5.1
and 9.15.4.5.2 should be superimposed.

9.15.4.5.4 For compression flanges, the effects
from 9.35.4.5.1 and 9.15.4.5.2 should be multiplied by
the gestabilizing factors given below and then super-
imposed as follows.
{a) Factor for effects from 8.15.4.5.1:
51_1+i \.f'fbamin

Ly 3./ Ibe — v/ Ibemin

(b) Factor for effects from 9.15.4,5.2:

8/ 1be

"2 P ———————
A/ The = /Tbemin
where
&1 \025
=15 (i}ha)
be

L; is the length of compression flange of main beam
between points of contraflexure
T b min 15 the minimum value of 1y, to satisfy 9.15.3.2
fpa. B. 8. J; and K are as defined in 9.15.3.2,
NOTE. /4 end /; may be conservativaly taken &s (24 + FnTrin
and 1.5, respectively.
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9.15.4.4 Profile deviation in compression flanges
Add at end:

When a survey of the deflections of the transverse
members has been carried out, the factors of 200 and
160 in the denominator of (a), (b) and (c) above shall
be replaced by

Gand G

30, 3.7,

respectively where G arf] are defined in Table 5

of Part 6. The actual value &f to be used shall

be the largest measured value at any point of the
span of the transverse member being considered and
shall not be taken as less than 3mm. in any
circumstances.
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Figure 28, Buckling coefficient K for transverse members

(a} With cantievers on one side only (see 9.15.3)
\
{b) With cemilevers on both sides (see 5.15.3)

MNOTE. For basis of curves, ses G.14.
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9.15.5 Strength of transverse members.The capacity
of a wransverse member, or the limiting stress in the
membear under the action ot the loadings, applied as

in 9.15.4, should be determined from 9.9 ar .90

and 9.11, as appropriate, using the effective section
defined in 9.15.2.2.

9.16 Intermediate internal cross frames in box
girders

9.16.1 General This section epplies 1o ring ot braced
intermediate cross frames provided in box girders to
restrict distortion of the cross section, (see figure 30),
subject to the limitations and provisions of 9.16.2.
NOTE. The design of plated intermadiate diaphiagms is nol

cowvered by this Part, but they may be used provided spacial
analysis is undertaken.

9.16.2 Limitations

9.16.2.1 Girder fayout. Girders should be nominally
symmetric (i.e. ignaring cross fall or superelevation), of
rectangular or irapezoidal cross section, and with webs in
gingle planes inclined at less than 45" from the vertical.

Girders should be of single cell form, with or without
interconnecting cross members and cantilevers,

Girders shou!d not be subject 1o intemal pressure effects
due to sealing.

8.16.2.2 Cross frames. The cross frame should be in a
single plane, within +5° of the normal to the axis of the
girder in elevation and within + 10" in plan, and within
15" of a vertical plane.

8,16.2.3 Corner stiffening. Each corner of the cross frame
{i.e. at the intersections of flange and web of main box)
should be stiffened as necessary to withstand the bepding
moments acting 2t the corner, In the absence of suth

Web transverse members

stiffening, no effective width of box web or flange

{see 9.16.4.1) should be assumed to act with the cross
frame at this point.

9.16.3 Load effects to be considered. The design
should be such as to resist load effects givers In9.13.3
and 9.15.4 with the relevent loads applied as described
in9.13.8 and 9.15.4.5.

9,16.4 Ring cross frames

9.16.4.1 £ffective section of transverse members. When
calculating the stiffness of a flange transverse member
forming part of a ring frame, its effective sectton should be
determined in accordance with 9.16.2.1.

Wien calculating flexural strésses or moment capacity in
the plane of the frame, the effective section of a flange
transverse member should be determined In sccordance
with 8.15.2.2.
When determining the effective section of a flange
ransverse member forming part of a ring frame for the
pumposes of calculating axidl stresses or axial load
capacity:
{a) & width of flange plate equa! to 16 times the flange
plate thickness (if available) should be taken to act
eath side of the web of the rransverse member, when
the axiat etect is compressive; or
{b) the sffective section should be determined in
accordance with 8.15.2.2, when the axial ¢ffect is
tensile.
When detarmining the effective section of a web
transverse member forming part of a ring frame, the
effective section should be determined in accordance
with 9.13.2 for &ll purposes.
9.16.4.2 Anaiysis. Global load effects and stresses in ting
cross frames should be derived from analysis undertaken

Cross beam

/

[

L\ -
T

A
—
o

{a) Ring cross frames

Flange fransverse members

4
{anhilever

L1}

A

(b} Braced cross fremes

Figurse 30. Internal intermediate cross frames in box girders
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Add new clause 9.15.6 Adjacent transverse members alongthe bridge shall be
deformed up and down either alternately, or alternately

9.15.6 Compression nange transverse members in groups of two, three ..sete;;whichever eventually

with insufficient stiffness to prevent overall buckling  gives the highest forces and moments. Consideration

of the Bange, or with insufficient strength shall also be given tohaving an undeformed transverse

member between the.up and down greups.
9.15.6.1 General

The Computer program shall be capable of analysing
When the stiffness of the effective transverse membedisplacement in all six primary degrees of freedom

(when assessed in accordance ®iftb.3 is not (three linear, three rotational) and shall take into
capable of restricting the buckling wavelength of the account the.change of geometry under load. Member
flange to the spacing between cross frames, material behaviourmay be linear elastic. No allowance

assessment may be made by an appropriate methodfor plasticity shall be'made in the analysis.

that caters for overall buckling of flanges. Appropriate

methods are by means of a full analysis in accordancehe compressive loadin;the flange shall be applied at

with 9.15.6.20r by utilising the critical stress of the the end and sidé boundaries of the model, as

flange in accordance with15.6.3of the appropriate. The transverse loads on the flange and

accompanying Advice Note. transverse members shall be those specified in
9.15.4.1a) to (f) insofar as they are not otherwise

For both approaches the effective sections to be usediaken into account in the model. Loading between

shall be as set down ?$15.2 and the effects to be transverse members shall be applied directly at the

considered shall be as set dowg.ih5.4. appropriate position and not distributed as described in
9.15.4.5 The loads shall not be magnified by a

Further to the above, advantage may be taken of thedestabilising factor as this will be taken account of in

reduced destabilising effects that can be obtained by.the non-linear analysis.

utilising more exact stress proportions and

distributions in the flange. Also allowance may be  If a survey is made of the actual deformations, these

made for measured imperfections andthe effect of thenay be used directly subjected to a minimum of 3mm

mode of buckling on imperfections assumed. These Abutincreased in the model by a factor of 1.2. If the

procedures may also be applied in/‘cases where result of the analysis shows a deflected form radically

strength is initially assessed as insufficient. different from the measured form, further analyses
shall be made with the initial deformation conforming

9.15.6.2 Structural model when.a full analysis is more closely to the final pattern.

utilised

9.16.1 General

The model shall be in the‘form of a non-linear analysis
that fully takes into accountthe stiffness of the Add at end:
orthotropic deck systems and the.magnified stresses
resulting from deformation of the cross girders due toAssessment of plated intermediate diaphragms shall be
combined actions gflongitudinal deck stresses and assessed in accordance v@th&
imperfections of the cross girders. The structural
model to be analysed shall include an initially 9.16.2.1 Girder layout
deformed shape of the flange. In the absence of a
survey of the actualflange, the relevant deformationsAdd at end:
specified in ltém.5 of Table 5 of B.S. 5400: Part 6
shall be used with the peak values occurring at the migross frames in girders not complying with the above
points of each span of the transverse member or at tisball be assessed in accordance @itl6.6
cantileVer.tips, and with a smooth curve between.
Alternate spans of.a particular transverse member
shall be deformed up and down.
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9.15.5 Strength of transverse members. The capacity
of a wransverse member, of the limiting stress in the
membear under the action ot the loadings, applied as

in 9.15.4, should be determined from 9.9 or 9.70

and 9.11, as appropriate, using the effective section
defined in 9.15.2.2.

9.16 Intermediate internal cross frames in box
girders

9.16.1 General This section epplies 1o ring or braced
intermediate cross frames provided in box girders to
restrict distortion of the cross section, (see figure 30),
subject to the limitations and provisions of 9.16.2.
NOTE. The design of plated intermadiate diaphragms is not

cowvered by this Part, but they may be used provided specisl
analysis is undertaken.

9.16.2 Limitations

9.16.2.1 Girder fayout. Girders should be nominally
symmetric (i.e. ignaring cross fall or superelevation), of
rectangular or irapezoidal cross sectien, and with wabs in
gingle planes inclined at less than 45" from the vertical.

Girders should be of single cell form, with or without
interconnecting cross members and cantilevers,

Girders shou!d not be subject 1o intemal pressure effects
due to sealing.

8.16.2.2 Cross frames. The cross frame should be in a
gingle plane, within +5° of the normal to the axis of the
girder in elevation and within + 10" in plan, and within
15" of a vertical plane.

8,16.2.3 Corner stiffening. Each corner of the cross frame
{i.e. at the intersections of flange and web of main bax)
should be stiffened as necessary to withstand the bending
moments acting 2t the corner, In the absence of such

Web transverse members

stiffening. no effective width of box web or flange

{see 9.16.4.1) should be assumed to‘act with the cross
frame at this point.

9.16.3 Load effects to be considerad. The design
should be such as to resist load effects givers in 9.13.3
and 9.15.4 with the relevant loads applied as described
in9.13.8 and 9.15.4.5.

9,16.4 Ring cross frames

9.16.4.1 £ffective section of transverse members. When
calculating the stiffness of a flange transverse member
forming part of a ring frame, its effective section should be
determined in accordance with 9.15.2.7.

Wien calculating flexural stresses or mgment capacity in
the plane of the frame, the effective section of a flange
transverse member should be determinad In sccordance
with 8.15.2.2/
When determining the effective section of a flange
transverse member farming/part of a ring frame for the
pumposes of calculating axial stresses or axial load
capacity:
{a) a width of flange plate equa! to 16 times the flange
plate thickness (if available) should be taken to act
each side of the web of the transverse member, when
the axiat etect is compressive; or
{b) the sffective section should be determined in
accordance with 9.15.2.2, when the axial ¢ffect is
tensile.
When detarmining the effective section of a web
transverse member forming part of a ring frame, the
effective section should be determined in accordance
with 9.13.2 tor &ll purposes.
9.16.4.2 Anaiysis. Global load effects and stresses in ting
cross frames should be derived from analysis undertaken

Cross beam
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{a) Ring cross frames

Flange fransverse members

4
{anhilever

L1}

A

(b} Braced cross fremes

Figure 30. Internal intermediate cross frames in box girders
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9.16.2.2 Cross frames
Add at end:

Cross frames not complying with these limitations
shall be assessed in accordance with this Standard
with the exception of Appendix B, provided that the
analytical models used fully account for the plane
direction of the frames and interconnection between
the frames and longitudinal members.

9.16.3 Load effects to be considered
Add at end:

The forces and stresses due to torsion to be carried
by a frame shall be determined from elastic analysis
(se€9.16.4.2 or, for boxes with any web inclination
and provided that the cross frames comply with
9.16.2.2 shall be derived in accordance with
AppendixB.3.4

Where the webs of the box girder are inclined to

the vertical, horizontal components of load induced in
top and bottom transverse members shall

considered.
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in accardance with 9.4.1, using the effective section
properties defined in 9.16.4.1, and incorporating the local
load effects referred to in 9.16.3.

9.16.4.3 Strength of ring cross frarme members,
Components of ring cross frames attached to the web or
flange plates of main beams should comply with the
strength provisions of 8,13.5, 9.13.6 end 8.15.5, as
appropriate.

9.16.5 Braced cross frames

8.16.5.1 General. Braced cross frames should be designed
to satisfy all the prowvisions of 9.16.4 and in addition those
of 8.16.5.2 and 9.16.5.3.

9.16.5.2 Load effects to be considered. Additional
account should be taken of bending moments induced by
eccentricities at connections, incomplete triangulation and
application of joading other than at poeints of intersection
berwesn members,

©.16.5.3 Design of braced cross frame members. The
design of compression and tension members of braced
cross frames, not attached to the web or flange plate of
main beams, should be in accordance with clauses 10
and 11, respectively.

BS 5400 : Part 3 21982

9.17 Diaphragms in box girders 81 supports

9.17.1 General. Diaphragms should be provided at
supports of box girders ta transfer applied Ipadsto the
bearings. Subject to the limitations and provisions

of 9.17.2, unstilened and stiffened diaphragms should be
designed in accordance with 9.17.5 and 9.17.86,
respectively, on the basis of the loadings and effective
sections given in 9.17.3 end 9.17.4, respectively.

The diaphragm/web junctions should meet the provisions
of 9.47.7. Deck cross heams and/or caniilevers
supporting the deck and located i the plane ofa
diaphragm should meet the provisions of 8.17.5.

The geomatric notation/used is shown in figuie 31

9.17.2 Limitations

9.17.2.1 Box girders. Box girders shoutd be of nominally
rectangular cross/sactionionof nominally trapezoidal cross
section with webs in single planes inclined at less than
45 from the vertical, and when unstiffened, shouid be
nominally symmetrical about/@ vertical axis {i.e. ignoring
cross fall or superelevation).

Box girders should be of 2 single cell form with or
withoutintercannecting cross members and cantilgvers

B

.-._Ss Intermediate Thickness
‘—'1 stiffeners fy
I S S
._—_——\ VAR Ty \J/'/ 3‘ ¥} — ¥
it B
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Bearing W _..I..._ Lr \
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Stub '
stiffeners *
J
Lo -
Bearing detad

Figure 31. Geometric notation for diaphragms
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Add new clause 9.16.4.4: 9.17 Diaphragms in box girders-at supports
9.16.4.4 Ring frame corners 9.17.1 General

The strength of the connection between web transveréed at end:
members and flange transverse members shall be
adequate to transfer the forces and moments from ol¢here the adequacy of a stiffened diaphragm not
member to the other. In determining the strength of theomplying with thelimitations given i9.17.2is to be
connection, the web and flange shall only be assessed, the assessmentshall be undertaken in
considered to act with the transverse member if the accordance with Appendix L.
corner is stiffened, se216.2.3

Alternatively, diaphragms may be assessed in
Add new clauses 9.16.6 and 9.16. 7: accordance with Appendix L.

9.16.6 Cross frames not complying with limitations

Where the adequacy of cross frames to girders not
complying with the limitations defined h16.2is to

be assessed, the strengths of the components of the
frames shall be determined from this Standard subject
to the following requirements: Global analysis shall be
undertaken in accordance witliLand7.2 The

structure shall be analysed either by a finite element
method with all its primary components modelled or
an equivalent grillage provided that the elastic
properties of the equivalent members are‘derived fram
finite element analysis of the box girders.

Analysis to determine load effects from local loads and
reactions including distortional effects shall be
undertaken using a finite element method on.a model
of sufficient extent to ensure that the effects calculated
are insensitive to assumed end.conditions.

9.16.7 Cross girder stiffness

Where distortional and yvarping stresses in the box
girders are calculateddn accordance with Appendix B
the stiffness of a cross girder shall comply with the
requirements dB.34.\Where the stiffness
requirements are not complied with, the stresses shall
be derived in accordance wish.
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and should not be subject 1o intemnal pressure effects due
to sealing.
9.17.2.2 Diaphragms and bearings. The plane of tha
diaphragm should be within 5" to the nommal to the axis
of the girder in slevation, within +10° in plan, and within
+5" of a vertics! plane.
The diaphragm should be in a single plane, except as
permitted in 9.17.2.4 for starter plates.
Each diaphragm shouid be supported on a single or twin
bearings under each box
Bearings under unstiffened diaphragms should be
symmetrically placed about the vertical axis of the
diaphragm.
The eontact width j of a stiffened diaphragm above a
bearing, as defined in figura 31, should not exceed half
the depth of the diaphragm with a single bearing nor one-
guarter of the depth of the diaphragm with twin bearings.
A bearing below a stiffened diaphragm shoutd not extend
across the width of the diaphragm beyond the line of
attachment of a bearing stitlener by more than
12./356/0,q times the thickness of the diaphragm plate,
where g4 is the nominal vield stress of the diaphragm
plate.
9.17.2.3 Cross beams snd cantilevers. Wherg the deck
projects beyond the box web and is supported on cross
beams and/or cantilevers which are in the plane of a
diaphragm. the flanges of such members should provide a
continuous load path through each bax web and across
the diaphragm for the forces they are required to cary.
These members should be assumed to be supponed by
the diaphragm/box web junctions {see 9.17.7
and 8.17.8}.
9.17.2.4 Starter plotes. Where starter plates afe 10 be used
10 connect a diaphragm to the box walls, they should
either be:
(a) positioned in the plane of the diaphragm and be
butt-we!ded or connected by double cover ptates 10 the
diaphragm; or
(b) tap jointed 1o the diaphragm, provided that2
suitable system of stiffening is designed to withstand, in
additian to any other load effects, all the moments
resulting from the eccentricity of connection.

9.17.2.5 Stiffeners to diaphragms_All stiffeners 10 plate
diaphragms should be in stcordance with 8.3.4 with b
taken as the spacing of stiffeners, or the distance between
1he stiffenar and the box wall, s sppropriate, For boxes
with sloping walls, thg distance between the stiffener and
1the box wall should be taken at the centrs of the iength of
the stiffener between points of effective restraint.
Bearing stiffeners should be symmetrically placed about
the diaphragm plate, unless a special analysis is made of
the effects of @ny Becentricity with respect to that piate.
9.17.2.8 Plating in diaphragms. The thickness of plating
in an unstiffened diaphragm shoutd be uniform
throughout.
9.17.2.7 Openings in unstiffened diaphragms. Dpenings
in unstifiened diaphragms should be in accordance with
thefollowing.

{(2) only one circular opeding may be provided on each

side of the vertical gentrefine o the diaphragm within

the upper-third of the height of the diaphragm;

{b) the diameter of any such opening should not
exceed the least of:

(1} 6tq

{2y D20, or

(3y B8/20

where

ty is the diaphragm plate thickness

D is the depth of the diaphragm {see figure 31)

B is the width of the diaphragm,taken a5 the average
of the widths at the top and bottomi flange levels
for hoxes with sloping webs.

(¢) cut-outs for longitudinal stiffeners on the box walls
should have the stifferiers connecied 1o the diaphragm
plate either by:

{1) welding, along at least one-third of the perimetar

of the cut-oul, or

(2) cleating Lo 1hé jengitudinal stiffener with at least

rwe bolts or rivets per side of the connection, or by

full perimeter welding of the cleat.
In addition, the langth of the free edge of any cut-out
should not excesd 81y, /355/a,4. when any part of this
free edge is within a distance 10t4.,/355/0,4 from any
pant of 2 bearing plate,
where
oy is the nominal yield stress of the diaphtagm plate
ty /s the diaphragm plate thicknass.
9.17.2/8 Openings in stiffened digphragms. Dpenings in
stitfenied diaphragms shiould be in accordance with the
following.
{a) With the exception of openings permitted in
item (d}, openings should not be positioned within the
araas shown shaged in figure 32,
(b} Unstiffiened openings shoutd be circular and of
diameter not exceeding the least of:

{1) 675, or

(2) /20, or

(3) b/20,

except when
oy € 2200
2¥myis
for which the limiting diameter is twice the limits given in
{1}, (2) and (3).
where
@ and b are the pane} dimensions

0 = /0412 + 0422 — Fa1 542 + 312
041, 6gz and 1 are the stresses in the diaphragm plate
derived in accordance with 8.17.6.2
Oya is the nominal yield stress of the diaphragm plate.
Nut more than one such opening should be positicned
in a single plate panel.
{c) Stiffened cpenings should:
(1) be framed on 2} sides by stiffeners:
(2} have circular comers of radius at least one-quarter
of the least dimension of the hole, with no re-entrant
COrnars;
{3) be positioned such thet the distance of any edge
from an adjacent wall of the box is at least 0.7 times
the maximum dimension of the hole paralle! to the
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wall. plus the distance from the walf to the tips of any
cot-outs in the diaphragm for longitudinal stiffeners
{see figure 32}, unless the adjacent plate is designed
for secondary in-plane stresses.

{d) Cut-outs for longitudinal stiffeners should be in
accordance with 8.17.2.7(c).

9.17.3 Loading on diaphragms

9.17.3.1 Derivation. The load effects in disphragms and
associsted parts of box girders should be derived from
global analysis undertaken in eccordance with 8.4.%.
The design methods of 9.17.5 and 9.17.8 use strength
provisions that are compatible only with the assumed
methods of stress derivation contained therein, Stresses

85 5400 : Part 3 : 1882

derived by finite element analyses should not be
substituted directly for these derived siresses.
9.17.3.2 £ffects to be considered. Diaphragms should be
designed to resist, with due account being 1aken af any
lack of symmetry in the cross sectian or in ihe bearing
arrangement, the combined effects of the following.
{a) All externally applied Igads and the associated
bearing reactions.
(b} Changes in bearing reactions and web shears due
10:
(1) creep, shrinkage and differential temperature;
{2) settlement and othénmovement of supporis.
NOTE. Transverse affects due to (1) may be néglected.

355
H// 121, E— \n
Coannection lina of
bearing stiffeners
'J/ ﬁ
Single [ 1 boutle
bearing ] j/ }ibearing
stiffeners | (] [istiffeners
’ ')j ;/
A k|
/ A0 o
/j ,-5 k1
% %Y ! )
2
/] 3
1 ! )//;
L L2 |
—i—
385
12ty Ora
{a8) Twin beanngs 355
124, }};*
Connection line of - <y 070, fmind
bearing stiffeners | 0, Lk
|
r /\ Ulfiﬂz{m'tn]'
[ L1 ‘ )
11 ,.// !
# 1
SN
] o
Ay / "l
)
% % ¢
|

{b) Single central bearing and positioning of large openings

NOTE 1. Openings are not permified in ghaded areas
NOTE 2. Dimensions are 1aken fram 10p of cut-outs whete present.

Figure 32. Openingsin stiffened diaphragms
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{c) Erors in instatlation of bearings, compnsing’
{1) bearing misalignment in plan;
(2) errors in level of a single bearing, or in the mean
fevats of more than one bearing &t any support,
{3) bearing inclination;
(4) dapertures from commoen planarity of twin or
muitiple bearings.
NOTE. tnstallation errors in {3), {2} and [3). within the
tolerances given in Part 9°, are allowed tor in 9.17.5 and
$.17.6 and their joad etfocts need not be assessed
separatety.
{d} Changes in longitudinal slope of box flanges at the
diaphragm.
{e) Emars of longitudinal camber in continuous
construction. Allowance for this may be made by
assuming. st the bearings, a vertical displacement of a
suppon relative 1o two adjacent supports of 1/5000
times the surmn of the adjacent spans.
{f) Out-of-plane moments due to:
(1) longitudinal movements of the bridge;
{2} changes in slope of the bridge;
(3} eccentricity due 1o besring misalignment along
the span or due to the shape of the bearing: the
combined eccentricity for these may be taken as given
in$.14.3.3;
(4) imerconnection between deck and diaphragm
stiffanars;
(5) any intended eccentricity of the centroidal axes of
the effective section of the heanng stiffeners with
respect to the giaphragm plate.

5.17.4 Effective sections

9.17.4.% General. For delermining the stresses in a
diaphragm, the effective elastic section madulus‘and
effective area of a vertical cross section, and the effective
vertical and horizantal shear areas, should be derived in
accordeance with 9.17.4.2 and 9,17 4.3. For detarmining
the stresses in stiffeners, their effective sections shall be
derived in accordance with 8.17.4.4 or B17.4.5 as
appropriate.

In 9.17.4.2 and 8.17.4.3 the references 10 transverse
tension and compression apply to directions normal 1o the
jongitudinal axis of the girder.

8.17.4.2 Ventical sections
§.17.4.2.1 Generai. The determination of the effective
area A, and the efiective sattion modulus Z, of 8 vertical
cross section of a diaphragm, should be based on
atlective areas of box flanges and diaphragm plate 2s
piven in 9.17.4,.2.2 10/8,17.4.2.5.
9.17.4.2.2 Effective flange width. incalculating an
effective area of B box flange, an effective width w,
should be determined separately for each side of the
diaphragm snd ghould not exceed any of the following:
{a) one-quarter of the distance of the section under
consideration from the nearest web/flange junction; or
{b} haif the distance 1o an adjacent diaphragm or ross
beam for any fiange in transverse tension, of for a
composite flange intransvarse compression; or
(¢)/onsside an end diaphragm, the actual width of plate
provided; or

*In course of preperation.

{d) 121, /355/0,¢ for a non-composite flange m
transverse compression. This timit may be increased to
one-guarter of the distance to an adjacent diaphragm or
cross beam provided that the transverse COMpPressive
stress {using the increased width) does nol exceed the
lesser of:

(1) one-guarter of the longitudinal compressive

strenpth of the fiange (or

(2y 05( 1 3
ARV
wherg
t; is the thickness of the fiange plate
Tyt is the nominal yield stress of the flange plate
is the spacing of the longitudinal flange stiffeners
or the distance betwean box webs for an
unstiffened flange.
9.17.4.2.3 Effective flange area. The effective area of a
box Hange should be determined as follows.

(a) The effsctive area of steel plate on each side of the
diaphragm shoutd be 1aken as.
Kehiw,
where
t; is the flange thickness
w, is the effective width on the apprepriate side of
the diaphragm derived from 9.17.4.2.2
K¢ is & coefficient taken as 1.0, except in the case of
a non-composite flange in transverse COMprEssion
with an eftective width greater than
1211, /355/a,s when the value of X, should be
obtained from figure 5 with the dimension z taken
as the spacing of longitudinal fiange stiffeners and
dimension & taken as the distance from the
diaphragm to an adjacent cross beam or
diaphragm. In using figure 5, the restrained curve
should be used for diaphragms at internal
supponts of continuous beams and the unre-
strained curve for diaphragms at end supports.

{b) Any tiansverse flange stiffeners within the effective
width should he ignared.
(¢} In composite construction, the effective flange area
may include the srea of stes reinforcement within the
total effective width, and, if subjected 1o transverse
compression, may Blso include the transformed area of
concrete within the total effective widih.
9.17.4.2.4 Disphragm piste. Holes within the vertical
section of a diaphragm should be deducted. When a
stitfenad opening is provided, diaphragm plating
extending within the framing stiffeners by more than
Bfy./355/a,g should be ignored, where {4 2nd oyq 812
the thickness and nominal yisld stress, respactively, of the
diaphragm ptate.
9.17.4.2.5 Jnclined webs. In the case of box girders with
inclined webs, no part of the webs should be included in
the vertical section of a diaphragm.
9.17.4.3 Shear sres. The effective vertical and horizontal
ghear areas, A, and Ap,. should be taken as the pa
sreas of 8 vertical and horizontal £ross section, re-
spectively. of diaphragm plating only,
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9.17.4.4 Diaphragm stiffeners. The effective section of a
stiffener on 2 diaphragm shouid be taken ta comprise the
stiffener with widths of diaphragm plate on gach side of
the stiffener where available, not exceeding the lesser of.
{a) half the distance from the stiffene: to an adjacent
stiffener or 1o the wall of the box; or
(b) 12./355/a, 4 times the thickness of the diaphragm
plate. whers o, 4 is the nominal yield stress of the
diaphragm plate.
Additionally. for a bearing stiffener, the effective width of
plate assumed on the side towards the web should not
exceed half the distance from the stiffener o the
web/bottom flange junction.

The sectional area of discontinuous diaphragm stiffeners

should be ignared.

9.17.4.5 Disphragm/web junctiorr. The affactive section

of this part should be taken to comprise:
{a) a width of web plating each side of the diaphragm
{where available} of up to 16 umes the web thickness;
and
(b} the area of a stiffener, together wilh a width of
diaphragm plate equal 1o 25t4, when there is a stiffaner
on the diaphragm paralle! to the web within 25¢4 of the
web, or a width of diaphragm plate equal to
1214./355/a,4 when there is no stiffener paraliel to
and within 2574 of the web, where {4 and o4 Bre the
thickness and nominal yield stress, respectively, of the
diaphragm plate.

9.17.5 Unstiffened disphragms

9.17.5.1 General. Unstitfenad diaphragms in accordance

with 8.17.21 10 9.17.2.4, 9.17.2.6 and 9.17.2.7,

should be designed to meet the yield criteria of 9.17.5.4

and the buckling criterion of $.17.5.5 using refergnce

stress values of 8.17.56.2 and the buckling coefiicients

of 9.17.5.3. Web/flange junctions should additiongally be

in accordance with 9.17.7.3.

BS 5400 : Part3 : $882

8.17.5.2 Reference values of in-plane stresses

9.17.5.2.1 Geperal. The stresses in en unstiffened
diaphragm, resutting from the joad effacts given in 9.12.3,
should be determined st the reference point indicated in
figure 33, in accordance with 891752210 9.17.5.2.4 for
each of the appropriate reference stresses equireg.
9.17.5.2.2 Vartical svesses. Themelerence value of the in-
plane vertical stress o gy should be taken as follows:

(a) for a diaphragm with a single central bearing:
A, +4e/ty) + 077 ( T/ )

ORy = —
By T U - Swiig 2l
(b) for a diaphragm with & pair of twin symmetrical
bearings.
A, + Befty)
CR1 = "o e a s
(/- Zwnlta

where

R, s the total vertical laad transmitted by the
diaphragm to one bearing (including the effects
of torque on twin bearings)

Ty s the torsional reaction at a single central
bearing

i is 1he width of contact of the bearing pad plus
1.5 times the thickness of the boniom flange at
pach end if availsble (ses figure 31}

Ly, 1§ the sum of the widths of any cut-outs for
stiffeners within the width ; at the leval
immediately above the Hange

tqy 15 the diaphragm thickness

Log, is the second moment of area of the diaphragm
plate of width /. excluding cut-outs, about the
Y-axis (see figure 31)

e is the eccentricity of bearing reaction along the
span {(see 9.14.3.3).

Reference
point

Thickness of
diaphrogm
D{DfE = fd

Extent of pasition ~
for Ay &4

NOTE. f{ is taken as the least of:

Er JE I—}or‘—'
o, 8 2

figure 33, Referance point and notation for
wnstiffensd diaphragms

- “J"«\ Extent of position

for Ava
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9.17.5.2.3 Hovizontel stresses. The reference value of the
in-plane harizontal stress sz should be taken as:

K4ER, r) 411 ZA,tang
—pfleste 2 o, it o
Iz [( 2 tE)/Rt O |7, T T2a,

where

K4 i afactor to allow for the effects of boundary
shears and should be taken as 2.0 in the absence
of any special analysis

LR, is the total vertical force transmitted by the
diaphragm to the bearings

Qy, is the vertical force transmiied to the diaphragm
by the portion of the bottom flange over a width
when there is a change of flange slope

f; is the horizontal distance from the reference point

to the nearest edge of the bottom flange

is as defined in 9,17.2.7

is the torque transmitted to the diaphragm in shaar

through the box walls and from cross beam and/or

cantilever loading

g s the distance parallel 1o the bottom flange from
the reference point to the web mid-point {see
figure 33)

Z, and A, are the effective saction modulus and the
effective area respectively of the diaphragm and
flanges at the vertical cross section through the
reference point, derived in accordance with
817.4.2

5 is the inclination of the box web to the vertical.

9.17.5.2.4 Shesr stresses

{s) Except as required by (b). the reference vatue of the
in-plane shear stress tp should be taken as follows:

~

(A Lo TN, O
i 2 i\r ZB)Aue:a Ahg
where
LA, Oy, and T are as detined in $17.5.2.3

B8 is as gefined in 9.17.2.7
Qp is the shear force due to trarisverse horizontal
ioads on the bridge transmitted from the top
flange to the diaphragm
Ayes 18 the minimum value of the effective vertical
shear area, as given in 9:17.4.3, for any section
of diaphragm plating taken bsrwean the web
and a point j/4 inside the outer edge of the
baaring (see figura 33}
i is as defined in8.17.5.2.2
A.  is the effective horizontal shear area, as given in
9.17.4.3 forthe saction of disphragm plating
through the reference point.
{b) In addition, in the case of diaphragms on twin
symmetrical bearings where there is a change in slope
of the bottom/flange. an alternative value 1 gy should be
dernved from:

oo T Qo T O
BTN T2 T 78 ) Ay Ane

where
b is as defined in9.17.5.2.3
Qp, s thetotal vertical force transmitted to the
diaphtagm by the portion of the bottom flange
betwaen 1ha inner edges of tha bearings when
there is a change in flange slope

[4 is the distance between centres of bearings
A,ep b5 the minimum value of the effective vertical
shear area, as given in 9.17.4.3, for.any section
of diaphragm plating taken within 2 distence {p
from the inner edge of a bearing {i.e. towsards
the diaphragm centreline} and & distance /4
inside the same inner edge of the beaning {see
figure 33)
ty is as defined infigure 33
This value T, should be adapted if it excesds the value
of Tp determined in (a).

8.17.5.3 Buckling coefficient. In checking the adequacy
of an unstifened plate diaphragm, a coefficient X is
required which is given by

K=K KKKy

where
220
Ky =34+
8y
Ko=04 + I tor single central bearings, or
284
— 3
=04 + bt for twin bearings
d
B
Ka=14 - —
3 100
P, 28 A
Ke=10 (7 - 1)
LR+ Tity \By /

0. By. 8'and B {in degrees} are as defined in figure 33
f is as cefined in 9.17.5.2.2
f =055when D/B < 0.7, or
= 0.86 when D/8 2z 1.5 with intermediate values
found by linear interpolation
fn/ = j/2 for single central bearings, or
= ¢ for twin bearings
XA, and T are as defined in 9.97.5.2.3
¢ is the distance between centres of bearings
P
Pd = Wd + i(?s)
W, is the total uniformly distributed load applied 1o the
top of the diaphragr
P s any local ioad applied 1o the top of a diaphragm

w
Kg =048 + ——
8 26 - By
w g the actual width of the lpad P, plus an allowance
for the dispersal through a concrate flange at an
angle of 45° 10 the vertical, and through a stee!
fiange a1 an angle of 60" to the vertical.

9.17.5.4 Yielding of diaphragm plate. The value of apy

and /opy? + 3tR? should not exceed the lesser of:

_U\'_“__, or
tm¥rs

(ZA, + mb)o}

BTSN I T e
}’mY!S[ 1,25Kftd3
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oq1. ¥z 8nd 1y are the reference values of stress as
derived in 9,17.5.2.2, 8,17.5.2.3 and 8.17.5.2.4,
respectively
ZR,and T are as defined in 9.17.5.2.3
¢4y, and X are as detived in 8.17.5.3
O is as defined in figure 33
tq and o, 4 are, respectively, the thickness and nominal
yield stress of the diaphragm plate.
9.17.5.5 Buckling of diaphragm plate. The value of
IR, + Tity should not exceed:

0.7KEr 43
Dimina
where

fp ano X are as derived in 8.97.5.3
tg is the thickness of the disphrapm plate;
£ is as defined in figure 33
IR, and 7 are as defined in 9.17.5.2.3.
9.172.6 Stiffened diaphragms
9.17.6.1 General. Diaphragms in accordance
with 8.17.2.1 10 9.17.2.6 and 9.17.2.8 and stitfened by
ar onthogonal sysiem of stiffeners, generaliy as indicated
in figura 31, should be designed such that the diaphragm
plate meets the yield critericn of 9.17.6.4 and the
buckling criterion of 9.17.6.5, using the appropriate
stresses determined from 9,12.6.2.
tn addition, Bl types of stiffeners. as defined in (a), (b)
and (c) below, should be designed such thal they meet
the yield eriterion of 9.17.6.6 and the buckling crizerion
of 8.97.6.7. using the appropriate stresses determined
from 9.17.6.3.
Web/fiange junctions should, additionally, be in
accordance with 9.17.7.3 and 19.17.7.4.
Stitfening may consist of (see figure 31):
(a) bearing stiffeners, which span from a box flange
immediatety above a bearing, 1o the flange at deck level;
{b) stub stiffeners. which are short vertical stiffeners
shove baarings;
{c} intermediale stiffeners, which may be either primary
or secondary. Stiffeners spanning between box walls or,
it harizanta!, between a box web and'a bearing
stifferssr, or between bearing stiffensrs should be treated
»s primary. All aiher stiffeners should be treated as
secondary.

9.17.6.2 Svesses in disphragm plates

9.17.6.2.1 Geners// Relevant stress compeonents should be
eslculated at the corners of #ach plate pane!, using the
appropriate sectian properties obtainad from 9.17.4, in
accordance with 9.17.6.2.2 t0 9.17.6.2.4. When
secondary bending stresses have been calculated in
sccordance with 8.17.2.B(c) (3} they should be added 1o
these components.

8.17.6.2.2 Vertica/ stresses. Ventical stresses g4 may be
neglected with the exception of those due to:
{2} & change in slope of the main girder flange: &nd
{b) locel whee! loads applied sbove the diaphragm,
which should be calculated in sccordance
with 9.11.4.1.

9.17.6.2.3 Horizonts/ stresses. Horizontsl stresses ogz
should be calculated under the action of the foliowing.

Annex A Part 11 BD 56/96
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where (8} The in-ptane primary moment & on the diaphragm

which should be taken as:
M= {Xg0, + 207)x, + KgQrx +

0.
+ Liwt1n{Pix) — Ryxy+ (%)

where (#8s shown in figure 34)

a,

Qy

Ky,

is the tolal vertical component of symmetric shear
transmitted into the diaphiagm from one web

is the verticat cempenent of torsional shear
wansmitted inte the disphragm from one web,
piven by T/28

NOTE/in calculating the eHectsin plate panels
ocourring in g regicn boundad by an inclined girder
web, § girder top flange, and » vertical line passing
through the bottom flange fweb junction, ah appropnals
portion.a! O, snd 2 should be taken on the
sssumption That they are unitormly distributed over the
depth of the girder wab.

ts the horizantal distance, from the section under
consideration to the mid point of the web

is 1the vertical component o any ¢ross beam or
cantilever shear

is the horizontal distance from the section under
consideration to the root of the croes beam or
cantilever

is #tocally applied deck load between the section
under consideration and the web

is the horizontal distance from the section uncier
consideration to the locally applied deck ioad P,
is the total vertical load transmined 1o one
bearing by the diaphragm

is the distance from the section under con-
sideration 10 the inner edge of the nearest
bearing plus j/4, for sections between twin
bearings, or is zero for all oiher sections, and for
diaphragms with a single bearing

Qy, and {; ere es defined in 9.17.6.2.3

is as defined in 9,17.5.2.2.

!
The horizontal bending stress a3, should be taken as:

Top = 5

where
Z,

Z,

is the etective section modulus of # vertical cross
section of the diaphragm and flanges, st the
point under consideration, derived in accordance
with 9.17.4.2,

(b} The hoarizontal componant of girder shasr when the
webs are inclined. The horizontsl stress ¢, from this
component should be taken as:

Q,tan g

d’zq - A‘

where

Q,
A,

§

is a5 defined in (8)

is the affective area of a venticsl cross section of
the diaphregm and fianges, at the point under
consideration, derived in sccordance with
9.17.4.2

is the inctination of the box web 1o the vertical.

The tota) horizontal stress a4z &1 the point under
consideration should be taken as:

Ty = Oap+ G2q
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9.17.6.2.4 Shear stresses. Shear stresses should be
calculated under the action of the shear flow g at the
section of the diaptragm under consideration. This shear
flow g should be taken as constant over the net depth or
width of the diaphragm, and as follows:
{a) In secticns between a box web and an outer
bearing stiffener:

= O, + 01+ 01, + 0.+ LF; + &
(28 B,

{b) In sections between inner bearing stiffeners where
there are twin bearings:
a, Qg T 1 ay,

=X+ -+ =~ 07—+

(T
{c} In sections between pairs of bearing stiffeners
sbove one of a pair of bearings, up to the height of
longitudinal flange stiffener cut-outs:

BQ, T 1 a,
q S + —— B — + —_—
( 8 2¢c ) oy i— Zwh

{d) In sections between pairs of bearing stiffeners

above a single bearing, up to the height of lengitudinal
flange stiffener cut-outs:

Q, T 1 a,
=— 4+ — =01} — +—c—
a (4 5y T) D, [—-Ewy
where
Q.. Q7, O, and P, are as defined in 9.17.6.2.3
Qy, and T are as defined in 9.17.5.2.3
Oy, Oy, and ¢ are as defined in 9,17.5.2.4
D, and B, are the net depth and width of the
diaphragm at the point under consideration
fand Zw,, are as defined in 9.17.5.2.2
s; is the distance between stiffener centroids.
The shear stress 1 in the sections referred to in (a), (b}.
(c) or {d) should be 1aken as.

q

T=—

fd

A

w;
el | B

where
ty is the thickness of the diaphragm plaie.in the panel
under consideration.
In sections other than those refemed 1o in (a), (b), (€)yor
{d) 7 may be neglected.

9,17.6.3 Swesses in diaphragm stiffeners
9.17.6.3.1 Geners/. Stresses in stiffeners should be
determined in accordance with 9.17.6.3.2 10 9.17.6.3.4,
using the appropriate effective stitfener sections obrained
from 9.17.4.4.
The stiffener types! bearifig, stub, primary intermediate and
secondary intermediate, are a5 defined in $.17.6.1.
9.17.6.3.2 Vertical stresses in bearing stiffeners. The
vertical stress.a,. in @ bearing stiffener should be taken as:
P
615 = 7 £

where

P, is the total vertical force in the group of bearing
stiffeners

A, , is the effective cross-sectional area of the group of
bearing stiffenars, derived in accordance with
8.17.4.4.

NOTE. Both values ara taken at the level under consideration.

Irnthe absence of openings in the diaphragm batween the
group of bearing stiffeners and the adjacent web, the
vertical force Py may be assumed 10 vary linearly from the
value of the reaction at the bearing to the value of any
reaction transmitted from the deck to the top of the
bearing stiffener.

If there are any apenings in the diaphragm between the
group of bearing stiffeners and the adjacent web, no
variation of load over the depth of such openings should
be/assumed. The veriation over the ramaining parts of 1he
diaphragm should be assumed to be linear of constant
slape. In the cese of a diaphragm above a single bearing,
an additional vertical stress oy in a bearing stitfener

L1%

—

Section under | I Xe g
censideration ~ 7 —-_.__‘J . i
Q.+

. T

| 2 Ty D/z

A

f T 3

| +X—J R L

A
Figure 34. Load effects and notation for stiffened
diaphragms
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should be taken as:

TeX

15T =
¥se

where

7. is the value of the moment in the plane of the
dgiaphragm on the group of bearing stiffeners
x s the horizomtal distance of the stiffener under
consideratian from the centroidal axis, normal 1o
the plane of 1he diaphragm, of the stiffener group
{see figure 31)
1,5e 18 the effective second moment of area of the
stiffener group about the same centroidal axis,
derived in accordance with 9.17.4.4,
NOTE. All values are taken at the point under consideration.
T, may be assumad to vary linearly, from the torsiona! reaction
above the bearing, 10 zero art the top flange level.
Where stub stiffeners are used, the stress calculated as
above may be reduced locally by including the area of
such stiffeners, provided their connections to the
diaphragm plate are adeguate to transier theiwr share of the
bearing reaction.

9,17.6.3.3 Bending stresses in bearing stiffeners. The
bending stress oy in 2 bearing stiffener due to an out-of-
plane moment should be taken as:

My

Ops =
Iyse

where

M, is Ihe proportion of the out-of-plane mement
camied by the group of bearing stiffeners

¥y is the distance of the extreme fibre of the stiffener
under considerauan from the centroidal axis,
parallel to the plane of the diaphragm, of 1he
stiffener group (see figura 31)

1,5, is the effective second moment of area of the
stiffener group about the same cenirdidat axis,
derived in accardance with 9.17.4.4.

NOTE. All values are taken gt the poinl under considaration.

A propartion of the out-of-plane moment may be
assumed to be camied by the flange longitudinal stiffeners,
provided due account is taken of this in their'design.
Stub stiffeners should not be considered to carry any part
of the out-of-plane moment caried by a baaring stiffener
group unless they have an adaquate out-of-plane shear
connection to the bearing stiffeners and/or the box walls.
9.17.6.3.4 Equivalent stréss for buckling check. The
equivalent axial stress gy, 10 be usedin the buckiing
check of all stiffeners,/shouid be taken as the maximum
value within the middle-third of the length Z; 6} the
stiffener, calculated from:

1 [ogftaks A
= o [EE 2P 0 h
Ose = G + A“[ ST I + Thiafln

where, for all stiffeners,
A.. i5 the efective cross-sectional area of the stitfener
derived in accardance with 9.17.4.4
f, /s the lefigth of the stiffener between points of
etfective restraint

BS 5400 : Part 3. 1982

tg is the thickness of the diaphragm plate
k; is obtained from figure 23 using the slenderness
parametear

Tse Y 355

L. is the radius of gyration of the effective
section of the stiffensr abm.t its centraical
axis parallel to the plane of the diaphragn
derived im accorpance with 9.17.4.4

oy is the nominal yield stress of the stiffener

I A, is the sum of the areas of all stiffeners which
intersect the stiffeniers being designed. within the
length £, not dncluding any ad jacent diaphragm jplate

G4z is derived in 9.17.6.2.3, far the level being
considered, and taken as positive when
compressive

g3, I8 the average value of 73 within the middle-third
of the length /.

Ty, g, Imax. Th and i, are defined as follows for the
appropriate type of stitfener.
For bearing stiffeners,

Oy =0C15 % 0157

¢z and g4 g7 Bre as derived in 8.17.6.3.2

Tg= 025

&2y 15 the maximum spacing of vertical stiffeners

which would ansure the adequacy of the
diaphragm plate and any horizontal stiffeners, and
may conservatively be taken as the actual spacing
of vanical stiffeners

1), &nd fy, ae taken as zero.

Far all intermediate stiffeners,

is pne-half of the sum of the panel widths on
gach side of the stiffener. Wheie the widths vary
over the length £, the average value of the
middle-third shouid be used
T is the average shear stress in the panels on either
side of the stitfener
Ty, i zero except in the case of the stiffeners framing
opanings where 1y, is the shear stress which
would occur in the plating adjacent 1o the
stiffener if the opening had been fully plated
Ay, s zero except in the case of the stiffeners traming
openings where Ay, is the dimension of the
opening parallel 1o the stiffener.
NOTE. kn caiculating #,,,x and 6 no sccount should be taken
of any opening in the diaphragm adjacent ta the stiffener (i.e.
it should be assumad that a plate of thickness 1y fills the
opening).
For horizontal intermediate stiffeners only,

Gromx

Cq= a2
Og=T1
For vertical intermediate stiffenars only,
a,=0
Tzbmax — Y2bmin
12
T2 max 3N 63p min @re the maximum and panimum

values of g,y derived as in 9.17.6.2.3, within the
length ¢, and taken as positive when compressive

Gg = T+ 039 +
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9.17.6.4 Yielding of diaphragm piste. Plate papels
betwean stiffeners, or between stiffeners and the box
walls, should be designed such that at all points in every

panel:
2 2 2 [ Ov Y
6912 4 042? —ogroge + 312 £ {—5
Tm¥i3
where

41 = 014 + 0157 for parts of plate panels forming part
of the effective section of any bearing stiffener, ar
is the vertical in-plane stress due 1o local deck
loads and change in flange slope. if relevant, for all
remaining pars of plate panels

g1 is defined in 9.17.6.3.2

@17 i5 as derived in 9.17.6.3.2, but with the velue of %
in that clause taken as the dimension from the
centroidal axis to the extreme fibre of the effective
section of the stiffener group

vqz is defined in 9.17.6.2.3

T is defined 1n 9.17.6.2.4

Gya i3 the nominal yield stress of the diaphragm plate.

9.17.6.5 Buckfing of disphragm plate

9.17.6.5.1 Plate panels nead not be checked for buckling
provided that:

{a) the cross section of the girder is nominally
ractangular;

(b} the ratio of the depth of the diaphragm O to the
minimum plate thickness t4 is less than:

/385
\l'J U\fd
{c)the pverhang L (see trgure 33 or 34) from the oufer
ecge of the bearmg 1o the box web is less than 0/2,
{d) stiffening is limited to the bearing stiffeners
themnselves, and any member providing continuity of

cross beam or cantilever flanges through the diaphragm:
{e} there is no change in flange slope at the diaphragm.

9.17.6.5.2 If any of the provisions of 917.6.5. 71 are not
satisfied, all plate paneis should meet the buckiing
criterion given in 9.11.4, but with the following
quaiifications.
{2) For panels adjacent 1o an inclined web the panel
dimension & should be taken as the maximum horizontal
dimension of the panel.
{b) A plate panel of non tonstant thickness shou!d be
assumed to be of its midimum thickness thraughaut.
{c} All plate panels adjacent to the box webs or flanges
or to boundary stiffeners nol more than 2524 from the
box walls or to large cut-outs should be treated as
unrestrained. Other panels may be treated as restrained.
{d} For a plate panel without horizontal stiftenars,
bounded on thrae sides by the main beam web and the
two main beam flanges; the shear stress coefficient £
should not be taken higher than:

25

wherg
g'and b are thelength and width of the panel,
respectively
14 and a4 are the thickness and nominal yield stress,
respectively, of the diaphragm plate;

{e} 74> should be taken as the main jongitudinal stress
in the plate panel, and hence tor the purposes of
meeting the buckling eriterion of $.11.4, agpand 45 a5
derived in 9.97.8.4 should be 1aken as o7 and ay;
respectively, in 9.11.4,
9.17.6.6 Yielding of diaphragm stiffeners. A bearing
stiffener section should be designed such that, at any
point along its length.

Tys

Og + 017 + G &
rmifa
where
615 and ay .7 are@s definedin$17.6.3.2
gy is s defined in 8.97.6.3.3
Gys is the nominal yield stress of the stiffener.
The bearing stiéss atthe point of comtact with a flanpge
should be infaccordance with 9714:4.2.
9.17.6.7 Buckling of diaphragm stiffepers. The stifiener
section should be sueh that, at any point within the
_ middle-third of the length of the stifferer:

o 24
. PSS —bE € —
Fis Tys . Ym7t3

where

dg, is 2s/defined in 8.17.6.3.4

ops 15 a6 defined in 8.17.6.3.3 for a bearing stiffener, or
is/taken as zero for an intermediate stiftener

61 15 obtained from figure 23 using the sienderness

parameter;
, _ %5 /iv_s
Teo \ 355

¢, ' is the length of the stiffener between poinis of
effective restraint
fse |is the radius of gyrazion of the effective
sertion of the stiffener about 1ts centrodidal
axis parallel to the plane of the diaphragm
derived in accordance with 9.17.4.4,
$.17.7 Diaphragm/web junctions
9.17.7.1 General. The diaphragm/web junction should be
designed as a stiffenar to the box web, spanning between
box flanges, unsupported in the plane of the diaphragm,
and with eHective section derived as in 8.17.4.5.

9.17.7.2 Loading effects to be considered. The junction
should withstand the effects of the following.

{a) All loads transmitied 1o the diaphragm from the
cross beams and/or cantilevers in the plane of the
diaphragm. Such loads should be assumed to be
applied at the centroidal axis of the effective section,
and 1o vary linearly from a maximurn 2t the top of the
junction, to zero at the bottom.

{by Any forces resulting from tension field acuon in the
adjacent web panels (see 8.13.3.2). Such forces should
be assurmed to be applied in the plane of the box web,
and 1o be constant over the height of the junction.

{cy An axial force reprasanting the destabilizing
influence of the web (see 9.14.3.2). This force should
be assumed to be applied at the cantroidal axis of the
eHective section, and to be constant over the height of
the junction.
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9.17.7.3 Strength of disphragm/{web junction

9.17.7.3.1 The maximurn stress at any peint on the cross
section of the junction, at any section in its length, should
not exceed:

_Tys
Fm'i13
where
@, 15 1he nominal yield stress of the junction section.

9.17.7.3.2 The effective juncticn section should be such

that:

P AT 1
—_— e e -_\_C\_ —_—
Ase”!s zseﬂvs Tmat3

where

P and M are, respectively, the maximum force on the
effective junction section and the maximum
moment about the centroidal axis paraliel to the
web due 1o all the effects specified in 9.17.7.2.
within the rmiddle-third of the length of the junction
is the effective area of the junction section {see
217.4.5}

Z,. is the lowest section modulus of the effective
junction section about the centroidal axis parallel to
the web (see 9.17.4.5)

o1 15 Obtained from figure 23 using the slenderness

parameter:
_ bt oy
Tee \ 355

., is the total length of the junction section

r__ is the radius of gyration of the effective
junction section about its centroical axig
parallel to the web derived in accordance with

9.17.4.5
w5 IS the nomunal yield stress of the junction section.

9.17.7.4 Junction restraint provided by diaphragm
stiffeners. Diaphragm;web junctions should be designed
n accordance with 9.17.7.1 10 9.17.7.3, except that fufl
width horizental stiHleners in the diaphragm may bs
assumed to offer restraint to the junction in the piane of
the diaphragm, provided 1hat the equivalent axial stress
e In such stiffeners (see 9.17.6.3.4} is increased by an
amount equal to:

0.025P
nAg,e

wherg

£ s as detined in 9.17.7.3

n  ig the pumber of full width horizontal stiffeners

A, is the effective area of the harizantal stiffeners

derived in actordance with 9,17.4.4.

NOTE. In this case (yin 9.17.7.3 may be taken 2s the distance
between such stiffeners.
9.17.8 Continuity of cross beams and cantilavers
When contin ity of cross beams.and cantilevers is
provided in the plane of a diaphragm; in accordance
with 8.17.2.3. that portion within the box walls should be

BS 5400 : Part 3 21982

different at the rwo box walls a linear variation along
the length may be assumed.
(b) 1f the mamber providing the contimuity in {a} is also
required as a horizonta! stiffener for a diaphragrm
designed in accordance with 8.17.6. #1 should be
designed to withstand. in addition 10 the load giver in
{8), en axial lorce equal 10 A 504,
where
A, is the effective cross-sectionabarea of the continuity
member derived m accordance with 2117.4.4
Gyp Is &5 specified in 8.17.6.3.4,
{c) The member providing the canfinuity in {2} should
he designed as & COMpression membEer In accordance
with 10.1 1o 10.6, and should be assumed to be
unrestrained out of 1the plane of 1he diaphragm unless
proviged with effective intermediate restraint. If these
restraints are’ provided by bearing or primary verical
diaphragm &tiffeners, such stiffeners should each be
designed to resist, in addition ta afl other forces given
in 9.17.6.3, a force equal to 2.5% of the maximum axial
load in the continuity member including that given
in (b), if appropriate. This force should be applied, out
of thesplane of the diaphragm, at the point of
infersection ef the continuity member and the stiffener
providing the restraint. The stiffener should be designed
to satisfy the criterion:

Fse 4 Tps b2 < __..1_ —
Ts Oys Tenv13
where
ap2 5 the bénding stress induced in the stiffener by
the above force, taken as the maximum value
within the middie-third of the lengths of the
stiffener
T Ots. Gse ADd Gye 2r€ 25 defined in 9.17.67.

10. Dasign of compression members

10.1 General. This clause covers the design of straight
members of uniform cross section subjected to axial
compression of 1o combined compression and bending.

10.2 Limit state

10.2.1 Ultimate fimit state. Members subjected 10
axial compression or to combined comprassion and
bending should be designed 1o satisfy the provisions of
clause 10 for the uitimate limit state.

10.2.2 Fatigue. The fatigue endurance should be in
accordance with the recommendstions of Part 10,
10.2.3 Serviceabifity limit state. Non-compact truss
members (see 10.6.3) which are not in accordance with
itemm (b} of 12.2.3 should also satisfy the provisions of
ctause 10 for the serviceability limit state.

10.3 Lirnitations on shape
10.3.1 Unstifened cwutstand. Unless the free edge of a
plate or other outstand is stiffened, the ratio B,/1, shauld

in accordance with the foliowing. not exceed:
(a) Thefoice in the member providing continuity 1o the —
bottem flange afithe transverse member should be taken 172 /EEE
as the moment in the transverse member 2t the box wall N gy
divided by the distance between the mid-plane of the
top and bottom flanges of the member. If the force is
71-1

A/160

v. November 1996
ED



Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Volume 3 Section 4

Part 11 BD 56/96 Annex A

Add new clause 9.18: limitations 0f9.18.2shall be assessed,to the yield
criterion 0f9.18.5.4and the buckling criterion of

9.18 Intermediate diaphragms in box girders 9.18.5.3using reference stresswalueddi8.5.2and
buckling coefficients 03{18.5.3 Web/diaphragm

9.18.1 General junctions shall be assessed in accordancediB.7.
Diaphragm stiffness‘shallbe assessed in accordance

This section shall apply to intermediate plated with 9.18.8,to ascertain the relevantdistribution of

diaphragms provided in box girders to transfer deck warping and distertional stresses in the box girder or
loads to the webs, to resist forces due to local changééphragm.

in slope of the flanges and to restrict distortion of the

cross-section. 9.18.5.2 Reference values of in-plane stresses

9.18.2 Limitations 9.18.5.2.1 General

The limitations given i®.17.2other than those related The stresses in an unstiffened diaphragm resulting

to bearings shall be applicable to intermediate from the load effects given fh18.3shall be
diaphragms. Assessment of unstiffened and stiffeneddetermined in@accordance witl8.5.2.20
intermediate diaphragms shall be carried out in 9.18.5.2.4.

accordance witB.18.5and9.18.6respectively.
9.18.5.2.2 Vertical stresses

9.18.3 Loading on diaphragms
The reference value of the in-plane vertical stoess

9.18.3.1 Derivation shall be taken as the greateopf . ando,,

The load effects in intermediate diaphragmsand
associated parts of box girders shall be derived from
global and local analysis in accordance 'with, 7.2

where

and9.4.1 Og,7 IS the maximum value of compressive
vertical stress on the effective horizontal
9.18.3.2 Effects to be considered section of the diaphragm plating beneath

the top flange due to deck loading
Intermediate diaphragms shall be assessed with.-due

account taken of the application.of the'load effects Ok, IS the maximum value of compressive

given in9.13.3and9.15.4. vertical stress on the effective horizontal
section of the diaphragm plating above

In this context the diaphragm/web junction shall be the bottom flange due to change in slope

considered to be equivalentito a web stiffener. of the flange or other applied vertical
loading

9.18.4 Effective sections

9.18.5.2.3 Horizontal stresses
The effective sections ofintermediate diaphragms to
be used in deriving stresses shall be in accordance wii reference to Figure 9.18.5A the reference value of
9.17.4. the in-plane horizontal stress at a section distance S
from the centre of the web ., shall be taken as the
greater of:

9.18.5 Unstiffened. intermediate diaphragms RZ

9.18.5.1 General
[0 R2T T [0 2]]

Unstiffened diaphragms complying with the or
71-1 [0 R2B + [0 2]]
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9.17.7.3 Strength of disphragm/web junction

9.17.7.3.1 The maximum stress at any point on the cross
section of the junction, at any section in its length, should
not exceed:

_Tys

Ym¥i3
where

a,. s the nominal yield stress of the junction section.
9.17.7.3.2 The effective junction section should be such
that:

P AT 1

—_— e e g —_—
Ase”!s zseﬂvs Tmat3

where

P and M are. respectively, the maximum force on the
effective junction section and the maximum
moment about the centroidal axis paratiel to the
web due to all the effects specified in 9.17.7.2.
within the middle-third of the length of the junction
is the effective area ot the junction section {see
%.17.4.5)

Z,. is the lowest section medulus of the effective
junction section about the centroidal axis parallel to
the web (see 9.17.4.5)

o1 15 Obtained from figure 23 using the slenderness

parametar:
_b oy
Ise 355

{, is the total length of the junction section

r__ is the radius of gyration of the effective
junction secticn about its centroidal awis
parallel to the web derived tn accordance with

9.17.4.5
vys IS the nomunal yield siress of the junction/section.

9.17.7.4 Junction restraint provided by diaphiagm
stiffeners. Diaphragm,/web junctions shouid be designed
i accordance with 9.17.7.1 to 8.17.7.3, except that full
width horizantal stifleners in the diaphragm may bs
assimed to offer restraint to the junction in the plizne of
the diaphragm, provided that the equivalent axial stress
5 In such stiffeners (see 9.17.6.3.4) is increased by an
amount equal to:

0.025P
nAg,e

wherg

£ s as defined in 9.917.7.3

n  ig the npumber of f0ll width horizontal stiffeners

A, is the effective area of the horizantal stiffeners

derived in accérdance witn 9.97.4.4.

NOTE. In this case £, in 9.17.7.3 mey be taken as the distance
between such stiffeners.
9.17.8 Continuity of ¢ross beams and cantilevers
When continuity of cross beams and cantilevers is
provided in the plane of a diaphriagm, in accordance
with 8.17.2.2. that portion within the box walls should be

BS 5400 : Part/d : 1982

different at the rwo box walls a linear variation along
the length may be assumed.
(b) 1f the mamber providing the confinuity in {a} is also
required as a horizonta! stiffener for a diaphragm
designed in accordance with 8.17.6, i1 should be
designed to withstand. in addition 10 the load giver in
{8), an axial lorce equal 10 A 504,
where
A, is the effective cross-sectional area ¢f the continuity
member derived m accordance with 8.17.4.4
Gyge 15 B3 specified in 9.17.6.3.4.
{c) The member providing the continuity in {2} should
he designed as & cofMpression membeDIn accordance
with 10.1 1o 10.6 /and should be assumed, to be
unrestrained out of 1the plane of 1he diaphragm unless
proviged with effective intermediate restraint. If these
restraints are provided by bearing or primary verical
diaphragm stiffeners, such stiffeners should each be
designed to resist, in addition to afl other forces given
in 9.17.6.3, a force equalto 2.5% of the maximum axial
load in the continuity, member including that given
in (b), if appropriate. This force should be applied, out
of the plane of the diaphragm, at the point of
intersection.of the continuity member and the stiffener
providing the restraint. The stiffener should be designed
to satisfy the criterion:

Fse + Aos * b2 < __..1 —
Ts Oys Y13
where
dp2 35 the bending stress induced in the stiffener by
the above force, taken as the maximum value
within the middie-third of the lengths of the
stiffener
T Ots. Gse ADd Gye B¢ 25 defined in 9.17.67.

10. Dasign of compression members

10.1 Ganeral. This clause covers the design of straight
members of uniform cross section subjected to axial
compression of 1o combined compression and bending.

10.2 Limit state

10.2.1 Ultimate fimit state. Members subjected 10
axial compression or to combined comprassion and
bending should be designed 1o satisfy the provisions of
clause 10 for the uitimate limit state.

10.2.2 Fatigue. The fatigue endurance should be in
accordance with the recommendstions of Part 10,
10.2.3 Serviceabifity limit state. Non-compact truss
members (see 10.6.3) which are not in accordance with
itemm (b} of 12.2.3 should also satisfy the provisions of
ctause 10 for the serviceability limit state.

10.3 Lirnitations on shape

10.3.1 Unstifened cwutstand. Unless the free edge of a
plate or other outstand is stiffened, the ratio B,/1, shauld

in accordance with the foliowing. not exceed:
(a) The force in the member providing continuity 1o the —
bottem flange of the transverse member should be taken 172 /EEE
as the moment in the transverse member at the box wall v ooy
divided by the distance between the mid-plane of the
top and bortom flanges of the member. If the force is
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where
—
R2T ZT
o M
R2B ZB
D
M =Me+F1YT+F2YB+2_%(BT_ B)QYB__ -Q:S
-B 10 -B 0 - Bg)O
-, G B)% 10, (Br-Bs)HE, or B (Br = Bs)0
Br g 4 BBl 4 a8
-B 1 0 - Br)[H O - Bg)O
=%, Cr B)% 10, (Br-Bg)E, e fl. (Br - Bs)0
Bs § 4 6 D g 4 8
M, is the bending moment at the section under TarB
consideration due to externally applied loads [02] 2A
transmitted to the diaphragm (see 9.45.4) and
changes in slope of the bottom flange VT is the total factored vertical load applied to the
calculated treating the diaphragm as a top of the diaphragm
simply-supported beam spannifig between V' s the total factored vertical load applied
the mid points of the webs. upwards to the bottom of the diaphragm (in
Y;  andYare the distances tofthétop andbottom either case the coincident values gfand \/,
diaphragm/flange junctions from the centroid shall be taken as those causing the maximum
of the effective diaphragm sectign. combined stress in strength assessment).
Q =Q, + Q- Z,Z, arethe effective section moduli of the
Q, is one half the total resultant load transmitted diaphragm and flanges on the diaphragm
to the diaphragm (Sée15.9. centre line with respect to the bottom flange
and the top flange respectively
g 17 0O . .
Qr = EITBE ty Oy areas defined i8.17.5.4
BT A, isthe effective area of the diaphragm and
diaphragm dueto any eccentricity of consideration
e_xternally applhed loads transmitted to the B is the greater angle of inclination to the
diaphragm (se8.15.9. vertical of either web
B, BT, BB are as defined in Figure 9.18.5A.
71-2
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9.17.7.3 Strength of disphragm/web junction

9.17.7.3.1 The maximum stress at any point on the cross
section of the junction, at any section in its length, should
not exceed:

_Tys
Fm'i13
where
7, 15 the nominal yield stress of the junction section.

9.17.7.3.2 The effective junction section should be such

that:

P AT 1
—_— e e -_\_C\_ —_—
Ase”!s zseﬂvs Tmat3

where

P and M are. respectively, the maximum force on the
effective junction section and the maximum
moment about the centroidal axis paratiel to the
web due to all the effects specified in 9.17.7.2.
within the middle-third of the length of the junction
is the effective area ot the junction section {see
%.17.4.5)

Z,. is the lowest section medulus of the effective
junction section about the centroidal axis parallel to
the web (see 9.17.4.5)

o1 15 Obtained from figure 23 using the slenderness

parametegr:
_t [fops
Tee \ 355

{, is the total length of the junction section

r__ is the radius of gyration of the effective
junction secticn about its centroidal axis
parallel to the web derived tn accordange with

9.17.4.5
vys IS the nomunal yield siress of the junction section.

9.17.7.4 Junction restraint provided by diaphiagm
stiffeners. Diaphragm,/web junctions shouid be designed
i accordance with 9.17.7.1 to 9.17.7.3 /except that fuil
width horizantal stifleners in the diaphragm rmay bs
assimed to offer restraint to the junction in the pliane of
the diaphragm, provided that the equivalent axial stress
e In such stiffeners (see 9.17.6.3.4) is incraased by an
amount equal to:

0.025P
nAg,e

wherg

£ s as defined in 947.7.3

n is the number of full width horizontal stiffeners

A, is the effective/ares of the horizontal stiffeners

derived in agcordance witn 9.17.4.4.

NOTE. In this case f, in 9.17.7.3 mey be taken as the distance
betwsen such stiffeners.
9.17.8 Continuity of cross beams and cantilevers
When continbity of cross bearmns and cantilevers is
provided inthe plane of a diaphragm. in accordance
with 8.17.2.2, that gortion within the box walls should be
in accordance with the foliowing.

(a) /The force in the member providing continuity 10 the
bottem flange of the transverse member should be taken
as the moment in the transverse member at the box wall
divided by the distance between the mid-plane of the
top and bottom flanges of the member. If the force is

BS 5400 : Partd : 1982

different at the nwo box walls a linear variation along
the length may be assumed.
(b) 1f the mamber providing the continuity in {a} is also
required as a horizonta! stiffener for a diaphragm
designed in accordance with 8.17.6, i1 should be
designed to withstand. in addition 10 the load giver in
{8), an axial lorce equal 10 A 504,
where
A, is the effective cross-sectional area of the continuity
member derived n accordance with 8.17.4.4
Gy i5 &5 specified in 917 6.3.4.
{c) The member providing the continuity in {28} should
he designed as a8 COMpression membEr in accordance
with 10.1 1o 10.6, and should be assumed to be
unrestrained out of 1the plane of 1he diaphragm unless
proviged with effective intermediate restraint. If these
restraints aré provided by bearing or primary verical
diaphragm stiffeners, such stiffeners should each be
designed to resist, in addition to afl other forces given
in 9.17.6.3, 2 force equal to 2.5% of the maximum axial
load in the continuity/member including that given
in (b), if appropriate. This force should be applied, out
of the plane of the diaphragm, at the point of
infersection of the continuity member and the stiffener
providing the restraint. The stiffener should be designed
to satisfy the criterion:

Fse 4 _._ab"'._._+ “b2 < __..1.
Tts, Oys Tenv13
where
ap2 5 the bending stress induced in the stiffener by
the above force, taken as the maximum value
within the middie-third of the lengths of the

stiffener
Tps. Tts. Cse ADd Gyg B¢ 25 defined in 9.17.67.

10, Design of compression members

10.1 General. This clause covers the design of straight
members of uniform cross section subjected to axial
compression of to combined compression and bending.

10.2 Limit state

10.2.1 Witimate fimit state. Members subjected 10
axial compression or 10 combined comprassion and
biending should be designed to satisfy the provisions of
clause 10 for the uitimate limit state.

10.2.2 Fatigue. The iatigue endurance should be in
accordance with the recommendations of Part 10,
10.2.3 Serviceability fimit state. Non-compact truss
members (see 10.6.3) which are not in accordance with
itemm (b} of 12.2.3 should also satisfy the provisions of
ctause 10 for the serviceability limit state.

10.3 Lirnitations on shape

10.3.1 Unstifened cwutstand. Unless the free edge of a
plate or other outstand is stiffened, the ratio B,/1, shauld
not exceed:

55
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Figure 9.18.5B
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9.17.7.3 Strength of disphragm/web junction

9.17.7.3.1 The maximum stress at any point on the cross
section of the junction, at any section in its length, should
not exceed:

_Tys
Fm'i13
where
7, 15 the nominal yield stress of the junction section.

9.17.7.3.2 The effective junction section should be such

that:

P AT 1
—_— e e -_\_C\_ —_—
Ase”!s zseﬂvs Tmat3

where

P and M are. respectively, the maximum force on the
effective junction section and the maximum
moment about the centroidal axis paratiel to the
web due to all the effects specified in 9.17.7.2.
within the middle-third of the length of the junction
is the effective area ot the junction section {see
%.17.4.5)

Z,. is the lowest section medulus of the effective
junction section about the centroidal axis parallel to
the web (see 9.17.4.5)

o1 15 Obtained from figure 23 using the slenderness

parametar:
PR ;‘5,_5
Ise 355

{, is the total length of the junction section

r__ is the radius of gyration of the effective
junction secticn about its centroidal awxi®
parallel to the web derived tn accordancée with
9.17.4.5

vys IS the nomunal yield siress of the junction section.
9.17.7.4 Junction restraint provided by diaphiagm
stiffeners. Diaphragm,/web junctions shouid be designed
i accordance with 9.17.7.1 to 9.17.7.3/ except that fuil
width horizantal stifleners in the diaphragm may bs
assimed to offer restraint to the junction in the plane of
the diaphragm, provided that the equivalent axial stress
e IN such stiffeners (see 9.17.6.3.4) is increased by an
amount equal to:

0.025P
nAg,e

where
£ s as defined in 937.7.3
n is the number of full width horizontal stiffeners
A, is the effective’ares of the horizantal stiffeners
derived in atcordance witn 9.97.4.4.
NOTE. In this case f, in 9.17.7.3 mey be taken as the distance
betwsen such stiffeners.
9.17.8 Continuity of cross beams and cantilevers
When continlity of cross beams and cantilevers is
provided in the plane of a diaphriagm. in accordance
with 8.17.2.3. that gortion within the box walls should be
in accordance with the foliowing.

() /The force in the member providing continuity 1o the

BS 5400 : Part 3.: 1982

different at the rwo box walls a linear variation along
the length may be assumed.
(b) 1f the mamber providing the continuity in {a} is also
required as a horizonta! stiffener for a diaphragm
designed in accordance with 8.17.6. i1 should be
designed to withstand. in addition 10 the load giver in
{8), en axial lorce equal 10 A 504,
where
A, is the effective cross-sectional area of the continuity
member derived m accordance with 8.17.4.4
Gyge 15 B3 specified in 9.17.6.3.4.
{c) The member providing the continuity in {2} should
he designed as a COMPression membELIn accordance
with 10.1 10 10.6, and should be assumed to be
unrestrained out of 1the plane of 1he diaphragm unless
proviged with effective intermediate restraint. If these
restraints aré provided by bearing or primary verical
diaphragm stiffeners, such stiffeners should each be
designed to resist, in addition to afl other forces given
in 9.17.6.3, a force equal to 2.5% of the maximum axial
load in the continuity/member including that given
in (b), if appropriate. This force should be applied, out
of the.plane of the diaphragm, at the point of
intersection of the continuity member and the stiffener
providing the restraint. The stiffener should be designed
to satisfy the criterion:

Fse 4 Bbs FOb2 1
Ts Oys Tenv13
where
ap2 35 the bending stress induced in the stiffener by
the above force, taken as the maximum value
within the middie-third of the lengths of the

stiffener
O Tts. Gse ADd Gyg B¢ 25 defined in 9.17.67.

10./Design of compression members

10.1 General. This clause covers the design of straight
members of uniform cross section subjected to axial
compression of to combined compression and bending.

10.2 Limit state

10.2.1 Witimate fimit state. Members subjected 10
axial compression or 10 combined comprassion and
biending should be designed to satisfy the provisions of
clause 10 for the uitimate limit state.

10.2.2 Fatigue. The iatigue endurance should be in
accordance with the recommendations of Part 10,
10.2.3 Serviceability fimit state. Non-compact truss
members (see 10.6.3) which are not in accordance with
itemm (b} of 12.2.3 should also satisfy the provisions of
ctause 10 for the serviceability limit state.

10.3 Lirnitations on shape

10.3.1 Unstifened cwutstand. Unless the free edge of a
plate or other outstand is stiffened, the ratio B,/1, shauld
not exceed:

battem flangé of the transverse member should be taken 172 /EEE
as the moment in the transverse member at the box wall v ooy
divided by the distance between the mid-plane of the
top and bortom flanges of the member. If the force is
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9.18.5.2.4 Shear stresses 9.18.5.4 Yielding of diaphragm plate
The reference value of the in-plane shear strBss > -
shall be taken as follows: The values 0, /31g/@NdY6R; * 8Tk
_ 1 O4q
TR = (Qv *Qr-2R+ va)A/ shall not exceed y—);/fg,
e m

where, as shown in figure 9.18.5.B ) ) Y X
9.18.6 Stiffened intermediate diaphragms

Q, and Q are as defined i9.18.5.2.3
is the minimum effective vertical shear

area, as given i8.17.4.3 Intermediate diaphragms stiffened by an orthogonal
3P isthe sum of the vertical applied loads system of stiffeners shall be assessed in accordance
transmitted to the diaphragm between thewvith theyield,and buckling criteria for the plating
section considered and the edge of the to@ivening,18.6.3.1 Stifféners shall be assessed in
flange at point A. accordance with the yield and buckling criteria given
in 9.18.6.3.2 Stiffeners which span between box walls
shall be treated as primary. All other stiffeners shall be
. . treated as secandary. Web/diaphragm junctions shall
flange over a widthy whenthereisa &0 Jesassed in accordance itt8.7 Diaphragm
change of flange slope. stiffnesses shall be assessed in accordancé@wiighs,
I isthe horizontal distance from the séctieno ascertain the treatment of warping and distortional
considered to the edge of the bottom stresses in the box girder or diaphragm.
flange at point B.

9.18.6.1 General

ve

Qq, Iisthe vertical force transmitted to the
diaphragm by the portion of the bottom

o ] 9.18.6.2 Values of in-plane stresses
The value of , to be used in yield checks in

accordance witB.18.5.4is the maximumaalue within g 18 6.2.1 General
the middle third of the median width, B; of the
diaphragm. Additionally, the value on the'sections The stresses in a stiffened diaphragm resulting from
adjacent to the webs shall be applied in,yield CReckS he |oad effects given #118.3shall be determined in
with 02 = 0. For buckling checks;, shall'be taken as“accordance witl9.18.6.2.209.18.6.2.4.
the average shear stress in the diaphragms.

9.18.6.2.2 Vertical stresses
9.18.5.3 Buckling of diaphragm plate

Vertical stressesy;, due to concentrated loads applied
The diaphragm plate shall be assessedinaccordancg, the deck shall be calculated assuming dispersion of
with the criterion given i8.11:4.4using the buckling  |0ad at 45° from the width of contact and diminishing

coefficients for an unresirained panel given in clause jinearly to zero from the level of intersection of the
9.11.4.3in which the ‘stresses definediri1.3shall be lines of dispersion with the web to the bottom of the

taken as the following: diaphragm. Stresses due to changes in slope of the
bottom flange shall be calculated from the vertical
o, =[o,] components of flange force and be assumed to
o] =0, 0r o, whichever is compressive  diminish linearly up the height of the diaphragm. The
b R2T ~' “R2B’ .
_ vertical stresses due to top and bottom loads are to be
t =1
R added.
0 = ORre

9.18.6.2.3 Horizontal stresses
The paneldimension,'b’ in Figure 19 shall be taken as

the depth ofthe diaphragm (D in Figure 33) and the The horizontal stresses shall be derived in accordance
dimension ‘a’ shallbe'taken as the maximum width  \yith 9.17.6.2.3In-plane bending:;zb’ shall be
between box webs. 71-4
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9.17.7.3 Strength of disphragm/web junction

9.17.7.3.1 The maximum stress at any point on the cross
section of the junction, at any section in its length, should
not exceed:

_Tys
Fm'i13
where
7, 15 the nominal yield stress of the junction section.

9.17.7.3.2 The effective junction section should be such

that:

P AT 1
—_— e e -_\_C\_ —_—
Ase”!s zseﬂvs Tmat3

where

P and M are. respectively, the maximum force on the
effective junction section and the maximum
moment about the centroidal axis paratiel to the
web due to all the effects specified in 9.17.7.2.
within the middle-third of the length of the junction
is the effective area ot the junction section {see
%.17.4.5)

Z,. is the lowest section medulus of the effective
junction section about the centroidal axis parallal to
the web (see 9.17.4.5)

o 15 Obtained from figure 23 using the slenderness

parametar:
;= £ "ri)‘_s
Ise 355

{, is the total length of the junction section
r__ is the radius of gyration of the effective
junction secticn about its centroical amis
parallel to the web derived tn accordance with
9.17.4.5 .

vys IS the nomunal yield siress of the Junction section.
9.17.7.4 Junction restraint provided by diaphiagm
stiffeners. Diaphragm,;web junctions should be designed
i accordance with 9.17.7.1 to 8.173.3, except that full
width horizantal stifleners in the diaphragm may bs
assimed to offer restraint to the junction in the plzane of
the diaphragm, provided that the equivalent axial stress
5 In such stiffeners (see 9.17.6.3.4) is incraased by an
amount equal to:

0.025P
nAg,e

wherg

£ s as defined in 9.97.7.3
n  ig the number af full widthborizontal stiffeners
A, is the effective ares of the horizantal stiffeners
derived in accordance witn 9.97.4.4.
NOTE. In this gase (. in 9.17.7.3 may be taken as the distance
between such stiffeners.
9.17.8 Continuity of ctess beams and cantilevers
When continuity of cross beams and cantilevers is
provided in the plane of a diaphragm. in accordance
with 8.17.2.2. that portion within the box walls should be
in accordance with the foliowing.
[a) The force in the member providing continuity 1o the
bottem flange afithe transverse member should be taken
as the morment in the transverse member at the box wall
divided by the distance between the mid-plane of the
top and bottom flanges of the member. If the force is

BS 54004 Fart 3,: 1982

different at the rwo box walls a linear variation along
the length may be assumed.
(b) 1f the mamber providing the continuity,in {a} is also
required as a horizonta! stiffener for a diaphragm
designed in accordance with 8.17.6, i1 should be
designed to withstand. in addition 10,1he load giver in
{8), an axial lorce equal 10 A 504,
where
A, is the effective cross-sectional area of the continuity
member derived in accordance with £.17.4.4
Gyge 15 B3 specified in 9.17.6.3.4.
{c) The member providing the continuity in {2} should
he designed @s & COMpPression member in accordance
with 10.1 10 10.6, and should be assumed to be
unrestrained out of 1the plane of 1he diaphragm unless
proviged With effective intermediate restraint. If these
restraints are provided Byrbearing or primary verical
diaphragm stiffeners, such stiffeners should each be
designed to resist, in‘addition ta afl other forces given
in 9.17.6.3, 2 force equal to 2.5% of the maximum axial
load in the continuity member including that given
in (b), if appropriate. This force should be applied, out
of the plane of the diaphragm, at the point of
interseclion of the cantinuity member and the stiffener
providing the restraint. The stiffener should be designed
to satisfy the criterion:

Gse |, Tus t Ob2 1
Tis Oys Tenv13
where
ap2 35 the bending stress induced in the stiffener by
the above force, taken as the maximum value
within the middie-third of the lengths of the

stiffener
Ths. Tts. Cse ADd Gy 2r€ 25 defined in 9.17.67.

10. Dasign of compression members

10.1 General. This clause covers the design of straight
members of uniform cross section subjected to axial
compression of 1o combined compression and bending.

10.2 Limit state

10.2.1 Ultimate fimit state. Members subjected 10
axial compression or to combined comprassion and
bending should be designed 1o satisfy the provisions of
clause 10 for the uitimate limit state.

10.2.2 Fatigue. The fatigue endurance should be in
accordance with the recommendstions of Part 10,
10.2.3 Serviceabifity limit state. Non-compact truss
members (see 10.6.3) which are not in accordance with
itemm (b} of 12.2.3 should also satisfy the provisions of
ctause 10 for the serviceability limit state.

10.3 Lirnitations on shape

10.3.1 Unstifened cwutstand. Unless the free edge of a
plate or other outstand is stiffened, the ratio B,/1, shauld
not exceed:

55
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calculated by treating the diaphragm with the
associated effective widths of flanges as a simply ~ 9.18.8 Intermediate diaphragm stiffness
supported beam spanning between the box webs

(span B) and horizontal stresse§q, due to Where distortional and4varping stresses in the box
inclination of webs to the vertical shall be calculated ifirders are calculatediin accordance with Appendix B
accordance wit8.18.5.2.3 the stiffness of an intermediate diaphragm shall
comply with the requirements Bf3.4Where the
9.18.6.2.4 Shear stresses stiffness requirements are not eomplied with, the stress

shall be derived in accordance Wa!3.

The values of the in-plane shear stresgas) any

section shall be taken as the reference vejues 10.3.1 UnSt'ﬁ?n?d Outstz.;\rld _
defined in9.18.5.2.4 Delete the"existing definition f(DJ’y' and substitute

following definition:-

9.18.6.2.5 Stresses in diaphragm stiffeners
o "is the lesser of the nominal yield stress

The equivalent stress in a stiffener for buckling check o%/the material or such lower value of

shall be determined fro®17.6.3.4as appropriate for yield stress as would be necessary to meet
intermediate stiffeners with,, o, andr calculated the strength criteria of the subsequent

in accordance witB.18.6.2.3and9.18.6.2.4 Except clauses.

thatcra for vertical intermediate stiffeners is not
necessarily zero but shall include loading effects due to
tension field in accordance wi¢h13.3.2and9.13.4.
Loading from claus®.13.3.3hall be excluded. All
additional load effects as defineddir18.3.2shall be
considered.

9.18.6.3 Strength criteria

9.18.6.3.1 Diaphragm plating

Plate panels between stiffeners or between stiffeners
and box walls shall be assesséd.inaccordance with the
criteria in9.17.6.4and9.17.6.5.

9.18.6.3.2 Stiffeners

Diaphragm stiffeners shall'be assessed in accordance
with the criterion given i9.17.6.7.

9.18.7 Intermediate diaphragmAveb junctions

The intermediate diaphragmweb junction shall be
assessed as a stiffenerto the box web spanning
between box flanges, unsupported in the plane of the
diaphragm, in accordance wighl7.7.209.17.7.4
using effective sections derived in accordance with
9.17.4.5:

71-5

November 1996 Y. A/169
=== o




Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Volume 3 Section 4
Annex A Part 11 BD 56/96

BS 5400 : Part 3 : 1982

whare 10.4 Effective lengths

by s the width of outstand measured from the edge 10.4.1 General The eHec_;tive Igngth of a compression
to the nearest line of rivets or bolts connecting it member £, may be determined either fram tabie 10 or
to the supporting part of the member, or to the toe from 10.4.2 for single angles and 124 or 12.5 for trusses,
of a root fillet of a rolled section, or, in the case of or may be determined by an elastic critical buckling
analysis. Alternatively. for a/&trut which is effectively held

a welded construction, to the surface of the ‘ = : - n
in positich and fully or partially restiained in direction, ¢,

supporting part of the mermber (see figure 35(a))
f, is the mean thickness of the outstand. or the may be taken as k4L
agaregate thickness of the outstand where two or where

more pars are joined together in accordance with ) i ) :
14.5 or 14.6 k4 iz abtained from figure 7{a) taking /. as the

second moment of area ofithe member about its

o, is the lesser of the nominal yield stress of the L _
appropriate centroidal 8xis

material, or 1.5 times the maximum stress in the

member for the vitimate limit state. L is the length of the member between end
restraints.
10.3.2 Stiffened outstand. Uniess the free edges of
stiffened outstands are interconnected tranversely by 10.4.2 Singla angle members
means of battens, lacing or perforated plates in 10.4.2.1 Discontiniaus members. The eftective length
acgordance with 10.8,10.9 D'I' 10.30 respectively. the ¢, of a singie angle discentinuous member connected by
ratio bg/1 showld not exceed: bolts, rivels of welds 10 @ gusset or 1o 3 saction, provided
66 that they offer effective restraint in the plane considered,
14 \/2—'-, should be taken as the length of the member measured
%y hetween centfes of fasienings or groups of fastenings at
whera the ands.
bo. to and %y 'are as defined in 10.3.1 (see 10.4.2.2 intersecting members. The effective length 7/,
figure 35(k)). of a single angle bracing member intersected by, and

. houl .
10.3.3 Gircular hollow sections. The ratio of outside connected to, another such member should be taken as

diameter to wall thickness of a circular hollow section (a} ia theplane of bracing:
should not exceed: 085 x (the greatest distance between centres of
;ﬁ adjacent intersections);
100 f— (b) un any other plane:
v gy 0.7 x (the disiance slong the bracing member
where between centroids of the main members).
o,'is as defined in 10.3.1.

{a) Unstiffened autstands {b) Stifiened owtstands hL_L_____ ——= :é I

Figure 38, Limitations on shape for compression members
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10.3.3 Circular Hollow Section

Delete the expression and substitute
O
60 %5%
Oy
Add new sub-clause 10.3.4:

10.3.4 Assessment of sections not complying with
shape limitations

Outstands not complying wittD.3.10r 10.3.2shall

be assessed in accordance Witk 2 Circular hollow
sections not complying withO.3.3shall be assessed in
accordance witB.3.6 This means that a lower value
of yield stress shall be determined such that
compliance with the strength criterialdf.6and

10.3.1, 10.3.2r 10.3.3as appropriate is achieved.
This lower value of yield stress shall be used in a
subsequence assessment of strength, in accor

with 9.3.1

&

S
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Table 10. Effective length ¢, for compression diameter, or
members 1.2 for @ section in which: holes do not exceed
- — - A0 mm in diameter. provided that &4 A, in no case
Ravtraint eondition vt exceeds the gross area of the component part.
{ . .
® 10.5.2.2 Circular hollow sections. The effective area A of
Effectively held in position and restrained in  circu'ar holiow section should be 1akern as:
P i th
direction at both ends 0.7L {a) the net area A, when
Effectivaty held in position 2t both ends and o oy < 50
restrained in direction at one end 0.85L r 4/ 355
Effectively held in position at bath ends, but o "_v i /5_\'
. - A RIS — =" |Lwhen — [—
nat restrained in direction L (b) Ac(1.15 - 0003 ¢ /355 - $) 355 > 50
EHectively held in position and restrained in where
direction at one end; partially restrained in D is the outside diameter of the section
direction but not held in position at the t is the wall thickness
pther end 1.5L A. 5 the nat area of the section, calculated in
. _ . ” , accordance with 10.5.2.1
Effectively held in position and restrained in g, is the nominal yield stress af the material.
direction at ong end; not held in position or
restrained in direction at the other end 2.0L 10.5 Compression mambers without lengitudinal
stiffeners
) . 10/6.1 Axisl compression
10.5 Effective section 10.6.1.1 Swrength. A member subjected 10 axial
10.5.1 General ln determining the effective section of a comgpression should be such that the axial load doas not
member, cansideration should be given to the adequacy exceed the resistance Pp given by
of the end fixings to distribute the {oad effects into ail
parts of the section. e iﬂi’i
Tm7i3

10.5.2 Effective areas

10.5.2.1 Members other than circular holiow sections. excepi for single angles connected by one leg

The effective area A, of a compression member, other {see 10.6.1.2)
than a circular hollow section, should be 1aken as: i
Ae=ZTKc(knAc) A, is the effective area of the section as defined in
where 10.5 ‘
) . dg. s the least vhimale compressive stress for buckling
K.=10tar all.omstand.s in accordance with 10.3.1 or about any axis 10 be obtained from ¢, /o, in
1_0,3,2 or is determined from therelevant cunve of accordance with figure 37.
figure 36 for each component/plate of the section -
with edges.supponed by adjacent components NOTE. In using ligure 37 tha values of L and (1\/3—25 are required,
r
NOTE. in using figure 36: whem ¥
£ is the unsupported widih of plale belween adjacent )
lines of bolts or rivels/connescting the plate 1o t, is the affective length for buckling about zny camroad;l
supporting pans of the member, or, for we‘lded_ axis, as delined n 10.4
members., between the _surfaces ofg:e SUDQD"""E" r is the redius of gyration of the saction about tha same axis,
parts, or, for rolied sections. cleat Defween rcot Tt ets on the gross saction of the member, but Knoting

¢t is the thickmess &f the plaie. or, if two armare pletes

are adequately/connected together in gecordance with battening of lacing

is the distance from the same axis 10 the extreme fibre of

14.5 or 14.6/the sagregate ihickpess of such piates. ¥
the section. b an unsymmetrical section the larger value ol

A s the net are@ of each component par of the y should be used

member, détived from the gioss area, less 2 2, is the nominal yield stress of tha material.

ded uetion across a section perpendicular 1o the 10.6.1.2 Single angfes. A single angle member connected

centreling of the men:tber for open foles or k by one leg may be designed ignoring the eccentricity of

cleara s k‘.“ pIns, black bals or countersun the connections with respact 16 the centroidal axis, unless

bolts. FEEEESIIR0 r'vets. HS.FG' close tolerance it is connected at either end by a single bolt or rivet, when

or dlitned barcel bolts; or fully filled plug holes. its resistance should be taken as 0.8 times the value

O c_ieducted . derived in 10.6.1.1. However. for a lacing bar. the full
k= 1.0 for a section free from haoles or for a section value, without the reduction, may be used.

with one ef more holes greater than 40mm in
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10.6.1.1 Strength

Add at end:

Where in assessment of the adequacy of a compression e
member allowance is made for initial departures from
straightnessns, measured in accordance with
BS5400: Part 6, over a gauge length G equal to the
clear length of the compression memb%ishall be
calculated from the equation in Appendix G16 wjth
taken as:
1.2A; - 0.00012¢ yU
r]=0(()\—15)+§\;\15% S rz ¢y|:|

H

but not less than zero.
E 73

November 1996 Y. A/173
o




Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Volume 3 Section 4
Annex A Part 11 BD 56/96

BS 5400 : Part 3 : 1982

10

I li . I ! ! ! ; —
H i s i .
+ }l - A i iq4 -
1 L 1 T T + T
RS i ,- -
== .J11 b ; : Ea = =5
0.9p + 1 4 ' T T
; | i | i .
t i ] : : | I 1 N
1 i : - i &
R A T BEREENCCEMIRRRTA=S
B L T : i . P : 4 o
08— I - 1 A Sy i
0 T 1 T | 1 L T T 1 H
| I . 5 T T
YL T : -
I O :
_ l'L \‘ ——+ s 1 1 ] L N
A T " " o ! ;
07 i ! :T\ !"%l i f T i ; | ; T l | T : I
I 1 {..‘ J, Il : ; : T I. 1 | T L }
; i e = - i b
L 113 1 T T R T T T
| 1 L H L H : | n : il
; 1 i + ' I T L
o ! ; ! i ' =
06 LY A A : ! -
B a : = |
1 - : T . ;
I X i I i T % -
; i LY Y T I T ;
I ! ! ] ] = !
n : | T 1T _‘w"_l..‘.___ N
Ko 0SHHH N T =
R | i
. 5, ! | T
o e : : :
—4— - i i -
T 5, i J | 0 5 N Y A ' i
- RN MR N V"2 Y A o i o N '
A —= — A — — .
I . LI I — \K A -
i ! ] kY ] T 11 T
AN = :
| b | | 1 1 | .
11 o I 1 1 I i
I ~ LN : ! |
1 r N
! urve 2 =
03 i = o =
-1 T p T
I i 1 1 1 P H I i
: H L 1 . e H 3
I N —— - v " :
-t H B e e s : -
: - e — 5 | :
02 ; P : T d - !
: - T = : , ! 1 f
T o T TT T
- T 1t
! i : i "
01 A .
: 4 f 5 i 1
- | 1 ]I I T v R
T T T T T
t | L
= ] 0 O O A B — ] !
4 i A 0 5 T ) ] — ] P O T I
50 100 150 200 250 300
i=8 {0
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MNOTE 2. Use curve 1 for plate panels with boltied or riveted
edges. Use curve 2 for solled sections or plate panels in welded
CARSIrUETION.
MOTE 3. For basis of curves, see G.15.
Figure 36. Coefficient X, for plate panels under direct compression
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Figure 37. Ultimate compressive stress o,
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10.6.2 Combined compression and bending

10.8.2.1 Strength. A member subjected o coaxistant
compression and bending should be such theat at ali cross
sections within the middle-third of the length of the
member:

Pll'lli MK MAx + MY max

<10
Pp Mpxc Moye

where

Prsze My max. My mex @re the maximum axial load,
and bending moments about the X-X and ¥-Y
axes, respectively, (see figure 1), anywhere
within the middie-thirg of the length of the
member berween points of restraint

P is as defined in 10.6.1

Mpac. Mpyc are the corresponding bending resistances
of the member, with sespect 1o the extreme
compression fibres determined in accordance
with 9.9.1.

In additicn, at all sections of the member, the maximum
stress due 1o the applied load £ and coexistent bending
moments &, and M, should be such that:

Ay Zy Zy Fm7¥ea
where

A, is the effective area of the section, as defined in
10.5
o, it the nominat yield stress of the material
Zy and Z, are the sppropriate elastic moduli of the
effective section derived in accordance with@.4.2.
10.8.2.2 Eccentricity of end connections. The bending
moment resulting from any eccentricity of the end
connections of the member or its components‘should be
taken inte account in determining the values of My pay.
My max. My and M, referred to in 10.6.2.1%
10.6.2 Compact and stocky members. Asan
alternative 10 the provisions of 10.6.2, when a member is
stocky and of compact cross section, the resistance in
combined compressicn and bending may be determined
on the hasis of any assumed distribution of stress over the
ettective area of cross section, provided thal the stresses
s0 assumad are in equilibrium with the joad effects and
nowhere exceed:

Oy

Tmiia

and provided that

,’§5
;-I.,T < 45 -—5
Ty

where

a, is the nominal yield stress of the material

v is derved in accordance with 9.7
A member is defined as stocky if its sienderness ratio £, /r
does notexceed:

s [
Ty

whera

£, and r are as defined in 10.4 and 10.6.1. 1.
raspactively.
A cross section of 3 member is defined as compact if:

b 55

(a) 7 5 24 [— for plates between suppoFis

a
¥

where
b and ¢ are as defined in $0.5.2:

b, 55
{(b) =° < 7 [Z—torocutstands,
1o oy

where
b, t, are as defined in 18.3.%:
{c) 1he outside diamgter does not exceed;

50 f_:_{i x 1he wal! thickness for circular hollow
section;,

10.7 Compression members with longitudinal

stiffeners

10.7.1 Strength. The stress in plate panels. longitu-

dinally stiffened by discrete stiffeners {i.e. other than

corner stiffenershand forming walls of box-type

compression members, should satisfy the PrOVISIONS

of 8.10.2.1 and the strasses at the centroids of the

longitudinal stiffeners should satisfy the provisions

of 9.10,2.3 when both these stresses are detarmined in

accerdance with 10.7.2. In determining the stresses at the

centroid of the tongitudinal stiffeners, the value of yg

should'be appropriate to the combined stress diagram at

the section considered, where yg, is as defined

in 9.10.2.3.

NOTE. When the maximum tensile stress intensity due 10 the

bending moment is smaller than the compression stress intensity

due to the axial load, the axis of zero stress will be owside the

cross section of the member and in that case yg, may be greater
then the depth of the member.

10.7.2 Evaluation of stresses.The stresses in the
member should be evaluated for the fallowing coexistent
lnads and moments.

(a) the applied axial load;
{b} the applied bending moments about the X-X and
Y-Y axes sach multiplied by a factor:
o
OF — 0
where
6g¢ is the Euler buckiing stress ol the member about
the relevant axis piven by n2Er2/f,2
£, and r are as defined in 10.4 and 10.6.1,
respectively
o is the axial stress based on the effective section
of tha member in accordance with 10.5;
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10.6.2.1 Strength
Add at end:

For assessment of the adequacy of a uniform member

member with longitudinal stiffeners allowance is to be
made for measured initial departures from

straightnesd;i shall be taken as:

A = 1.2A_determined separately for the X-X
and Y-Y axes wherA_is the departure
from straightness measured in accordan
with BS5400: Part 6 over a gauge len
equal to the distance between appropria
points of restraint.

S

of I-section subject to combined bending and axial
compression, the buckling criterion above shall be
replaced by the alternative criterion give®if.4.2.

10.7.2 Evaluation of stresses

Add at end of (c):

Where in assessment of the adequacy of a compression
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(c} additional bending moments. acting about the X-X
and Y-Y axes, respectively equal 10:

pA._(__?e_)
JE — Ga

where
P is the applied axial load

1
a4, = #50 x {length of member between the

appropriale points of restraint), determined

separately for the X-X and Y-¥ axes.
NOTE. Stresses due 10 {8} shoutd be evaluated on the basis of
the eHeclive area determined in sccordance with 10.5.2, and
stresses due ta (b) and {c) should be evaluated on the basis of
the eflective section determined in accordance with 9.4.2,
10.7.3 Shape of fongitudinal stiffener. The shape ™
the longitudinal stiffeners should satisfy the provisions
of 8.3.4.

10.7.4 Transverse stiffeners
10.7.4.1 Transverse stifeners may be assumed to combine
with an effective width of the plating on each side noi
exceeding either:

{2) one-quarter of the stiffener spacing: or

{b) one-eighth of the length of the stiffener,
10.7.4.2 The effactive section of the stiffener should
satisfy both:

{a) the stifiness provision of 8.15.3; and

BS 5400 : Pan 3 : 198

{b) the swength provisian of 8.15.5 under the sction of
a uniformly distribued load equal 10:

1 x (longitudinal compressive force in the

3 stiffened panet at 1he cross section under
consideration due 10 the loads and
moments given in 10:7.2}.

10.8 Battened compression members

10.8.1 General. A compression member consisting of
WO Or more main components may hiave battens
connecting the componenis; either in ene plane, or in 1w(
or more parallel planes, or in two perpendicular planes of
sets of parallel planes, as shown'in figure 38,

The strangth of the individual components, including
bartens, and theif connections should be in accordance
with the provisions of 8.1 to 5.9, 10:010,10.7, 11.7

1o 11.5 and clause 14, as appropriate.

10.8.2 Radius of gyration of the member The radius
of gyration of the member about the Y-Y axis, in the case
of a single plane of banens or of parallel battens (see
figure 38); and about any axis in the case of a member
with Battens in planes at right angles, or of cruciform
section, should be taken as 0.9 times the actual radius of
gyration,

10.8.3 Specing of battans. Banens should generally be
spaced uniformly throughout the length of the member,
except as reguired for intermediate restraint in accardance
with 10.8.5.1¢c).

Y
Y
b -
4 .y
L
+H
Ii
¥ -} ‘
Y
I}
o
nk 5
4, s
: ™
=
*
. L
‘.: o
r
]
- = ' L\.. "H! ) i
NOTE. Pairs of batiens are shown staggered to Hlustrate 4, and
f.3. Nomally sl fout battens should be at the same cross section.
Figure 38. Battened members
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10.7.3 Limitations of stiffener shape
Add at end:

Stiffener shapes not complying wiltB.4shall be
assessed in accordance vé@tB.1and Appendix S.
Stiffeners of shapes other than those specified shall be
assessed on the basis of the nearest standard shape.

10.8.1 General
Add at end:

For assessment, where the arrangements of the
member do not comply with any of the above
requirements, the strengths of the battens and of the
battened member shall be assessed in accordance with
Claused 0.8.5.3andl0.8.5.4respectively.

10.8.2 Radius of gyration of the member
Add at end:

For assessment, where the battened member does no
comply with the requirements ©0.8.1 the ra
gyration of the member shall be taker/ad
actual radius of gyration whegds as de
10.8.5.4

10.8.3 Spacing of battens

Add at end:

the battened member s
10.8.5.4.
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If the member as a whole is such thal 7, /r, < D.B{{, /r,),
the spacing of batiens in a plane parallel ta the X-X axis
should ke such that each main companent of the member
satisfies the following:

: 7
2 £ 0.7 a0d 22 £ 07 i
fbi a2

where

1 /r, and 1 /r  are the slenderness ratics of the

* membel about its X-X and ¥-Y axes, respectively
{as shown in figure 383 r_ ard r_ should be
caleulated on the basis of the grSSS
cress-saection of the memoer

fyt+ is the distance between end fastenings of
successive battens in planes parallel 1o the X-X
axis

fyz is the distance between end fastenings of
successive batiens m any plane

fpy ' is the radius of gyration of the gross cross-
-saction of the component about an axis,
paraliel to the Y=Y axis, through the certroid
of the component

Ipz is the ieast radius of gyration of the gross
cross-section of the component

NOTE, For determining v,y and 2 in the cese of parially
enciosed sactions, as shown in figure 35{b), the
component should be consikdered to consist of the sngla
or autstanding plate 1o which the batten is attached
togethar with half of the depth of the weh between the
baten and the flange plate paralle! thereto.

Amaz s the fargest value of the slendemess ratio &/r with
which the design resistance of the member would
be sufficient to resist the applied load (see
10.6.1).

If the member as a whole is such that £,/r, > 08({{,/r,).
1he 'spacing of battens in a plane parallel to the X-X axis
shauld be such that each man component of the member
sansfies the following:

for € 0.6y, and foz £ 065 ..

T T2
The spacing of batens (if any) in a plane perpendicular g
the X-X axis should be determined/@imnilarly by franspos-
ing the axes.
10.8.4 Dimensions of battens
10.8.4.1 Length. The length &t each batten, measured
between end fastenings in 4 direction paralle! 1o the axis
of the member, shoui¢ nat be leéss than three-quarters of
the distance between 1hé ceniroids of adjacent main
components.
Furthermore, the length of each batten, measured as
in 10.8.4.1, should/figt be less than twice the width of the
smallest main compenent measured parallel 1o the piane
of hartens.
10.8.4.2 Thickness, The thickness of each batten should
not be less than ana-fifneth of the distance between the
innermost Iines of fastenings. except that, where both
transverse edges of a hanen are effectively stiffened by
stifleners havifng a s'enderness ratioc not exceeding 170,
the thickress of the batten need not exceed §mm.

10.8.5 Membars with singl# or paraile! planes of
battens

10.8.5.1 Arrangerment of battens. 6 any batiened
member. other than @ member of cruciferm section,
battens should be placed in each battened pilane as
follows.

{a) a1 each end of the member:

{b} 8t not less than two intemediate positions,
inclusive of any positions whete Sattens are provided
under {c);

{e} at each intermediaté point, if any. where in the
plane beirg considered, the member is provided with
restraint against 1ateral displacement or has another
member connected to it

Barnens should be placed opposite one another wherevear

there are two or more planes of parallel battens.

10.8.5.2 Loads and moments on banens. Each | aten,
and its fixings 10 the main componeants of the member,
should be proportioned 10 resist, simultaneously:
(2} alongnudinal shear force equal to Os/nd {see
figure 38);
{b) abanding moment, acting in the plane of the
batien, equal to Qs/2n;

fc) the effects of any external transverse ioads on the

member;
whera

Q' i5 a nansverse shear force acting parallel 1o the
plane ©r planes ot the battens, whi¢h should be
taken as;

PP
(o = -

200(Pg, = F)

for battens in a plane paratlel to the X-X axis

for battens in a plane parallel 1o the ¥-Y axis
P is the axial force in the member

P, = ..sz_Ae_,
TN
Pey = ﬂ
{teirs)?

ty/r, and {,/r, are as defined in 10.8.3
A, s the effective ares of the whole mamber
determined in accordance with 1G5
In using figure 38,

5 i the longnudinal spacing of battens measured
between cantres
7 1 the number of parallel planes of battens
b is the lateral distance between centroids of
fastenings to the components,
10.4.6 Cruciforrm members

10.8.6.71 Arrengement af batiens. Battens in crucilorm
members should either be placed in pairs in two
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10.8.4.1 Length. For members with battens and theirarrangements not
complying with the limits gived0.8.110.8:4or

Add at end: 10.8.5.1 the lowest values-of the-elastic critical

buckling loads ., and Pg shall be determined as
Where the length of each batten is less than specifieqescribed irL0.8.5.4and shall be Used instead of P
above, the strength of the battened member shall be and P
assessed in accordance with8.5.4 EX

Where in assessment of the adeguacy of a battened
member, accountis to be taken of measured departure
from straightness exceeding that permitted by BS5400:
Part 6, thesnumber,200 in the denominator of
equations (1) and(2) above shall be reduced to

10.8.4.2 Thickness.
Add at end:

Where the thickness of any batten is less than that
specified above the adequacy of such batten shall be

assessed in accordance with8.5.3 1/E 3.85 vl
e 815
10.8.5.1 Arrangement of battens.
where
Add at end: A, is'the departure from straightness

measured over a gauge length equal to
Where the arrangement of battens does not comply I
with the recommendations above the battened
compression member shall be assessed in accordangald new Clause 10.8.5.3:

with 10.8.5.4

10.8.5.3 Strength assessment of non-complying
10.8.5.2 Loads and moments on battens: battens
Add at end: Where the arrangements and sizes of the battened

member do not comply with the requiremets3.],
For assessment, (a) and (b) shall be modified to readt0.8.4or 10.8.5.1 the battens shall be of such sizes
that:

@ a longitudinal shear force equal tg}@/nb
(a) the maximum bending stress does not exceed

(b) a bending moment,acting in the plane of o,
the batten, equal tobIQSIZn YmVt3
where
Ky, = |/2for'end battens, (b) the maximum average shear stress =

forintermediate battens o
longitudinal shear force

T uw
_ ¥ [Eos— X, + COS- X Ppnet
=72 - ;X2

does not exceed

o
y
is the overall length of the battened
1.5+/3
member:; V3¥m V1
) ) where % = Net cross sectional area of the batten;
X,,X are the respective distances from ne

>’ one end of the member to points a
distance s/2 either side of the
centre line of the batten under 7g
consideration.
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If the member as a whole is such thal 7, /r, < D.B{{, /r,),
the spacing of batiens in a plane parallel ta the X-X axis
should ke such that each main companent of the member
satisfies the following:

: ¢
2 £ 07 and 22 < 07400
fbi a2

where

1 /r, and 1 /r  are the slenderness ratics of the

* membel about its X-X and Y-V axes, respectwe'ly
(25 shown in figure 38): r_ and r should be
caleulated on the basis of the grSSS
cress-saection of the memoer

fyt+ is the distance between end fastenings of
successive battens in planes parallel 1o the X-X
axis

fyz is the distance between end fastenings of
successive batiens m any plane

fpy ' is the radius of gyration of the gross cross-
-saction of the component about an axis,
paraliel to the Y=Y axis, through the certroid
of the component

Ipz is the ieast radius of gyration of the gross
cross-section of the component

NOTE, For determining v,y and 2 in the cese of parially
enciosed sections, as shown in figure 35{b), the
component should be consikdered to consist of the sngla
or autstanding plate 1o which the batten is attached
togethar with half of the depth of the weh between the
baten and the flange plate paralle! thereto.

Amaz s the fargest value of the slendemess ratio &/r with
which the design resistance of the member would
be sufficient to resist the applied load (see
10.6.1).

If the member as a whole is such that £,/r, > 0.8{{,/r,).
1he 'spacing of battens in a plane parallel to the X-X axis
shauld be such that each man component of the member
sansfies the following:

for € 0.6y, and foz £ 065 ..

T T2
The spacing of batens (if any) in a plane perpendicular 1a
the X-X axis should be determined similarly by Aranspos-
ing the axes.
10.8.4 Dimensions of battens
10.8.4.1 Length. The length of each batten, measured
between end fastenings in a/direction paralle! e 1he axis
of the member, shoui¢ not/be less than three-quarters of
the distance between the/ceniroids of adjacent main
components.
Furthermore, the length of each batten, measured as
in 10.8.4.1, should not be less than twice the width of the
smallest main component measured parallel 1o the piane
of hartens.
10.8.4.2 Thickdsss. The thickness of each batten should
not be less than ana-fifneth of the distance between the
innermost Ines of fasténings. except that, where both
transverse edges of a batten are effectively stiffened by
stiflenersthaving a s'lenderness ratic not exceeding 170,
the thickress of thebaren need not exceed §mm.

10.8.5 Membars with singls or paraile! planes of
battens

10.8.5.1 Arrangerment of battens. i any batiened
member. other than @ member of cruciferm section,
battens should be placed in each batiened plane as
follows.

{a) a1 each end of the member:

{b} 8t not less than two intermediate positions,
inclusive of any positions where battens are provided
under {c);

{e} at each intermediate point, if any. where in the
plane beirg considéred, the member is provided with
restraint against {ateral displacement o has another
member connected to it

Barnens should be placed opposite one another wherevear

there are two or mare planes of parallel battens.

10.8.5.2 Loads and . moments on banens. Each b aten,
and its fixings 10 the main componeants of the member,
shaould be proportioned 1o/resist, simultaneously:
(2} alongnudinal shear force equal to Os/nd {see
figure 38);
{b) a banding moment, acting in the plane of the
batien, equal to Qs/2n;

fc) the effects of any external transverse ioads on the

memser;
whera

Q i5 a uansverse shear force acting parallel 1o the
plane ¢rplanes ot the battens, which should be
taken as;

PP
(o= -

200(Pg, = F)

for battens in a plane paratlel to the X-X axis

for battens in a plane parallel 1o the ¥-Y axis
£ is the axial force in the member

oo — reEA,
ANTINE
niFA
Pe, = ——°
B G /)2

ty/r, and {,/r, are as defined in 10.8.3
A, s the effective ares of the whole mamber
determined in accordance with 1G5
In using figure 38,

5 i the longnudinal spacing of battens measured
between cantres
7 1 the number of parallel planes of battens
b is the lateral distance between centroids of
fastenings to the components,
10.4.6 Cruciforrm members

10.8.6.71 Arrengement af batiens. Battens in crucilorm
members should either be placed in pairs in two
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or the average maximum shear stress does not exceed

Ot [
K Btiﬂ N / mn?
YmY 3 Odp O
whichever is the lesser
where

A

is obtained from Table 10.8A

is the thickness of the batten

is the depth of the batten in the
direction parallel to the axis of the

member
b is as definedii0.8.5.2.

—
o

O
o

Table 10.8A

d/b | 15 11 1.0 09| 0.8 0.7 0.6 0.5 04 03 (a2

b

K 87.3| 36.8] 32.2| 25.1 194 1440 9.9 6.7 4.2
(x10%)

DL
w
o

Add new clause 10.8.5.4: determined from Appendix M of the accompanying
Advice Note.
10.8.5.4 Strength assessment of non-complying

battened members The factoo should be taken as

Where the arrangements of the battened member do

not comply with the requirements 1.8:4,10.8.40r pi P& _

10.8.5.1the compressive strength of the battened P or P as appropriate

member shall be calculated in accordance with €lauses' 'Y EX

9.1t09.9, 10.1to 10.7 using effective radii of

gyration defined i10.8.2. The adequacy of each main component of the battened
member shall be checked assuming it to resist, in

The lowest values of the glastic critical buckling loadsaddition to the axial force, a bending moment about

P, and P_, shall be takenas K times the critical each of the X-X and Y-Y axes equal to Qs/4 together

loads determined by rion-linear Buckling analysis of with the effects of transverse external forces, if any
the battened member: and assuming its effective length to be equal to

I ,where Q is as defined ¥0.8.5.2and | ,, is as

where defined in10.8.3
K =1 forwelded or friction grip
bolted battens; NOTE: Members with planes of battens in opposite
= 0.7 for riveted or black bolted  faces in which the centres of the battens are staggered
connections may conservatively be treated as if the battens were
not staggered.

Alternatively, where the arrangement of battens
complies with the'requiremetns1.8.5.1and battens

are equally spaced; R and ., may be
78-2
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perpendicular planes in contact at a transverse edge and
fixed successively to the two legs of both angtes, or be of
cruciform section and fixed to both legs of both angles.
A pair of battens, or a crucifarm batten, should be placed:

{a} at each end of the member;

{b) at not less than two intermediate positions,

inclusive of any positions where battens are provided

under (c};

{c) at each intermediate point, if any, where the

member 15 provided with resiraint against tateral

displacement or has ancther member connected 1o it
10.B.6.2 Loads and moments on battens. Each batten,

and its connections to the main components, should be
proportioned to resist simultaneously:

- Q
(8) alongitudinal shear force equal 10 b—'s

(b) a bending moment, acting in the plane of the

Q,s
batten, equal to T’

wherg

Q, = @ if the largest slenderness ratio #/r of the member
as a whole occurs about the X-X or Y-Y axis
= O!\ﬁ if the largest slendemess ratio #/r of the
member as a8 whole occurs about a diagonal axis VeV
@, 5 and & are as defined in 10.8.5.2;

{c) the effects of any transverse exiernal loads on the
member,
10.8.6.3 Swength of components of the member. Edch
main component of a cruciform member should be
designed to resist. in addition to the axial force, a bending
moment about each of the X-X and Y-Y axes'equal to

5

2 together with the effects of transverse'external forces,

i any,
where

5 is as defined in 10.8.5.2
@, is as defined in 10.8.6.2.

10.8.7 Welding of battens

10.8.7.1 The aggregate length'of weld connecting each
longitudinal edge of a batten'to a main component of a
rrernber should not be less/than half the lengih of the
batien. At least one-third &f the longitudinal weid should
be placed st each end of the edge of the batten. A further
length of weld, equal to at least four times the thickness
of the batten, should/be returned along the end of the
batten from each longitudinal edge.

10.8.7.2 Where batien plates are fitted between main
components they shouid be connected to each com-
ponent either by fillet welds on each side of the plate, at
least equal in' length to that given in 10.8.7.1, or by
complete penetration butt welds along the whoie length
of the plate.

10.9 Laced compression members

10.9.1 General, A compression member consisting of
two or more main components may have lacing
connecting the components, either in one plane, or in two
or more parallel planes, or in two perpendicular sets of
parallel planes.

BS 5400 Part 3.: 1982

The 1acing should form a fully triangulated system and
should be uniform throughout the length of the member,

A laced compression member should be provided with a
batten, in accordance with 10(8.4, in each plane of lacing,
at each end of the member, and &t each point where the
systern of lacing is interrupted or where another member
is connected 10 the laced.member. These bartens should
be designed to resist the forces stated in 10.8.5.2.

The strength of individual componenis, including lacings
and their connections, should be in accordance with 10.1
t010.7, 11.1 10 11.5 and clause 14, as appropriate.

10.8.2 Inclination of facing bars. |f.a singie system of
lacing bars is used, the bars should be inglined at an
angle between 50" and 70" to the axis of the member, if 2
double system of intersecting bars is used, the bars should
be inclined at an angle between 40° and 50,

10.9.3 Spacing of lacing bars.The spacing of lacing
bars should be such that each main component of the
member satisfies the following:

{ 4

22 < 07 imax 208 22 € 0.7 imax.
o1 L)

where

{1 is the distance between the centroids of successive
end fastenings of lacing bars in one plane
{2 / is the distance between the centroids of successive
end fastenings of lacing bars in any plane
fpy s 1he radius of gyration of 2 main cormponent of
1he member about an axis paraliel to 1he plane of
lacing based on the gross cross-section of the member

rpz is the least radius of gyration of a main
component of the member based on the gross
cross-section of the member

Zmax1s as defined in 10.8.3.

10.9.4 Slenderness of lacing bars.in a single system
the effective length of a lacing har should be taken as the
clear length along the bar between innermost fixings to
the main components of the member, and, in a double
intersecting system, 0.7 of this clear length.

10.9.5 Loads on lacing. Lacing bars and their fixings
should be designed to resist, at any point along the length
of the member, a transverse shear force Q, as defined

in 10.8.5.2 for battened members, together with the
effects of any externa! transverse loads on the member,
The shear force © should be considered as divided equally
between ail the systems of lacing or plates connecting the
components in the appropriate parallel planes.

10.9.€ Double lacing. In a double system of intersecting
iacing bars the effects of axial deformation of the member
on the lacing bars and their connections should be
considered.

Except for battens, in accordance with 10.8.1, a double
system of intersecting lacing bars should not be combined
with diaphragms perpendicular 1o the longitudinal axis of
the main member, unless all forces resulting from
deformation are calculated and provided for.

10.9.7 Welding of lacing bars to main components.
Where a lacing bar to be connected by welding is iapped
on to a main component of @ member, the length of lap,
measured along the centreline of the tacing bar, should
not be fess than four times the thickness of the bar, or
four times the mean thickness of the flange of the main
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10.8.6.2 Loads and moments on battens

Add at end:

For assessment (a) and (b) shall alternatively be
modified to read:

(a) a longitudinal shear force equal tgX,s/b

The strength of the member as a whole shall be
determined in accordance wit.9.1with the radius

of gyration about the appropriate axis taken@s
times the actual radius Of gyration using the valug of
appropriate to the axis considered.

10.9.3 Spacing of lacing bars
Add at end:

(b) a bending moment acting in the plane of the batten

equal to KQ,,s/b
where K is as defined i10.8.5.2

10.9.1 General

In the fourth paragraph afteilhe strength’insert
‘of a member as a whole and’.

10.9.2 Inclination of lacing bars

Add at end:

For assessment of a laced member having lacing bars

not complying with the above limits to inclination the
critical buckling loads and strength of the whele
member shall be determined as follows:

The critical loads for buckling about the Y-Y or X-X
axes respectively may be taken as:

Pley = PPey P

from:

£y = 9Pz, Wherep may bederived

-1
2A_:.r2|:| 1 @
°° %1+n 12 QACOSB SIﬁG%

For assessment where the spacing of lacing bars does
not comply with these requirements, the main
componentsofithe member shall comply with the
following requirement:

g
0 H . d
ﬁ;,&g;guﬂm 1 g, O
A\e Zx P Zy%l LD YmY i3
c e o

A is the effective area of cross
section of the laced member
(see Claus&0.5.2.;

p is the axial load applied to the
laced member;
Z and Z are the section moduli

of the laced member about the
X-Xand Y-Y axes respectively
related to the centroid of the
main component considered;

PlEX’ P, are as defined ih0.9.2
M =M _+12R;
X 0X X
M =M _+12R;
y oy y
M_, M_ areany applied bending

moments about the X-X and

where Y-Y axes respectively in the

A, s the total crosSisectional area of plane of the lacing including
lacings within a laced panel in the that due to eccentricity of axial
appropriate plane of bracings; load to the cethr0|d of the

® ais angle ofinclination of the laced member;
lacings to the'axis of the member; Ax, by are the maximum departures
_ . from straightness of the laced

I =| orl as appropriate; . N

XY . member in the directions

r = radius,of gyration of the member normal to the X-X and Y-Y
S 201t tth? X-Xory-¥ axes respectively measured in
axes as-appropriate; the plane of the lacings over a

A, “listhe effective area Qf the whole length between points of
member determined in accordance effective lateral restraint to the
with'10.5 79-1 laced member in the relevant

Pey, Pey are as defined ih0.8.5.2 direction;
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perpendicular planes in contact at a transverse edge and
fixed successively to the two legs of both angtes, or be of
cruciform section and fixed to both legs of both angles.

A pair of banens, or a cruciform batten, should be placed:

{a) at each end of the member;

{&) at not less than two intermediate positions,
inclusive of any positions where battens are provided
under (c}:

{c) at each intermediate point, if any, where the
member is provided with restraint agsinst tateral
displacement or has another member connecied to it

10.B.6.2 L oads and moments on battens. Each batten,
and its connections 1o the main components, shou'd be
proportioned to resist simuftaneously:

- Qs
(a) alongitudinal shear farce equal 10 b—'

{b) a bending moment, acting in the plane of the

a
batien, equsl 1o T's

where

Q, = @ if the largest slenderness ratio #/r of the member
as a whole occurs about the X-X or Y-Y axis
= Oz‘\/f if the largest slendemness ratio #/r of the
member as 8 whole occurs about a diagonal axis V-V
Q. 5 and & are as defined in 10.8.5.2;

(c) the effects of any transverse external loads on the
member.
10.8.6.3 Swength of components of the member. Each
main component of a cruciform member should be
designed to resist, in addition to the axial force, a’bending
moment about each of the X-X and Y-Y axes equal to

Q.s

%, together with the effects of transverse external forces,
if any,

where

5 is as defined in 10.8.5.2
Q. is as defined in 10.8.6.2.

10.8.7 Welding of bettens

10.8.7.1 The aggregate length of weld connecting each
longitudinal edge of a batten 10 a main. component of a
rrember should not be less than half the lenath of the
batten. At least one-third of/the longttudinal weid should
be placed at each end of the edge of the batten. A further
length of weld, equal to at least four tirmes the thigkness
of the batten, should be retumned along the end of the
batten from each ongitudinal edge.

10.8.7.2 Where bauen plates are fitted between main
components they shouid be connected to each com-
ponent either by dillet welds on each side of the plate. at
least equal in length to that given in 10.8.7.1, or by
compliete penétration butt welds along the whote length
of the plate.

10.9 Laced compression members

10.9.1 General. A compression member consisting of
two o more-main components may have lacing
connécting the components, either in one plane, or in two
or more parallel planes, or in two perpendicular sets of
parallel planes.

BS 5400+ Part 3: 1982

The lacing should form a fully triangulated system and
should be uniform throughout the lengthiofiihe membsr,

A laced compression member should be provided with a
batten, in accordance with 10.8.4, in gach plane of lacing,
at each end of the member, and at each point where the
system of lacing is interrupted or where another memiber
is connected 1o the laced member, These battens should
be designed to resist the forces stated in 10.8.5.2.

The strength of individual components, ingluding lacings
and their connections, ‘should be in accordance with 10.1
t0 10.7, 11.1 10 11.5 and ¢lause 14, as appropriate.

10.8.2 Inclination of {acing bars. If a singie systemn of
lacing bars is used, the bars should be inclined at an
angle between 507 and 70° 10 the axis of the member; i a
double system of intersecting bars is used, the bars should
be inclined at an angle between 40% and 50",

10.9.3 Spacing of lacing bars.The spacing of Jacing
bars should be such that each main compeonent of the
member satisfies the following:
{ i 4 .
2l € 07 iman 218 22 € 0.7 imax,
rp1 rpz

whére

fu1 1s the distance between the centroids of successive
end fastenings of lacing bars in one plane
fp2 is the distance between the centroids of successive
end fastenings of lacing bars in any plane
fgy/ s the radius of gyration of 2 main component of
the member about an axis paraliel to 1the plane of
lacing based on the gross cross-section of the member

pz 15 the least radius of gyration of a main
component of the member based on the gross
cross-section of the member

Amaxis 8s defined in 10.8.3.

10.9.4 Slenderness of lacing bars.In a single system
the effective length of a lacing bar should be taken as the
clear length along the bar between innermost fixings to
the main components of the member, and, in a double
mlersecting system, 0.7 of this clear length.

10.9.5 Loads on lacing. Lacing bars and their fixings
should be designed to resist, a1 any point along the length
of the member, a transverse shear force Q, as defined

in 10.8.5.2 for banened members, together with the
effects of any externa! transverse loads on the member.
The shear force 2 should be considered as divided equally
between all the systems of lacing or plates connecting the
components in the appropriste parallel planes.

10.9.6 Double lacing. In a double system of intersecting
iacing bars the etfects of axia! deformation of the member
on the lacing bars and their connections should be
considered.

Except for battens, in accordance with 10.9.1, a double
systern of intersecting lacing bars should not be combined
with diaphragms perpendicular 1o the longitudinal axis of
the main member, unless all forces resulting from
deformation ate calculated and provided for.

10.8.7 Welding of lacing bars to main components,
Where a lacing bar to be connected by welding is iapped
on to a main compenent of @ member. the length of lap,
measured along the centreline of the tacing bar, should
not be fess than four times the thickness of the bar, or
four times the mean thickness of the flange of the main
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o, isthe ultimate compressive stress
for buckling of the main component
about its centroidal axis perpendicular
to the plane of lacing obtained from
crclcy in accordance with Figure 37
usingl  equal to the spacing of the
lacing bar intersections along the

component;

r isthe least radius of gyration of the
section of the main component;

y is the distance from the axis of least
radius of gyration to the extreme
fibre of the section of the main
component;

o, isthe nominal yield stress of the
material.
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component ta which it is attached, whichever is less. The
bar should be welded along the whole length of tap on
both sides of the bar, and the weld should be returned
across the end of the bar for an aggregate distance of not
less than the width of the bar, or four times its thickness,
whichever is less.

Where a welded lacing bar is fitted betwean main
components of a member, it should be sttached 1o each
component either by welding all round, or by z full
penatration butt weld.

10.10 Compression membars connected by
parforated plates

10.10.1 Genersl. A compression member consisting of
two Or moTe main components may have continuous
perforated plates connecting the components, either in
one plane, or in two or more parallal planes, or in two
perpendicular sets of parallel planes. The thickness of a
perforated plate should not be less than one-fiftieth of the
unsupported distance between inngrmost attachments 10
the main components.

The overall length of 3 perforation, measured in the
direction of stress, should not be more than twice its
width. Each end of a perforation should be rounded.

The clear distance between perforations, and the clear
length beyond the perforation st esch end af the member,
should not be less than three-quarters of the unsupparted
distance between the innermost attachmants 1o the main
compaonents.

The unsupported width of a piate 2t a perforated section,
berween the inner edge of the perforation and the ngarest
attachment 10 @ main companent, should be in accor-
dance with 10.3.1.

10.10.2 Strength of mamber. The net section of a
perforated plate may be inciuded as parl of the effective
section of the membaer when computing the strenglh of
the member in accordance with 10.1 to 10.7.

10.10.3 Loads en perforated plates. Perforated plates
and their fixings should be designed 1o resist, al any point
aleng the tength of the member, a transverse shear farce
Q, as defined in 10.8.5.2, together with the egffects of any
transverse externat loads. The shear force Q/should be
considered as divided equally between all/the paraliel
perforated and other plaies connecting the components of
the member.

10.11 Compression members with componants
back to back

10.11.1 General. A compression member may consist of
two angles, channels or tees, connected together, back to
back, either in contact or separated by packs or washers.
The components should preferably be in contact: when
not in contact, €ither adequate space bebween the

components sheuid Be provided in accordance with 4.5.4,

or the thickness should béincreased to meet the
provisions ©f 4.5.5, In ne case should the clear distance
between the components exceed S50 mm.,

Members with companents not in contact should not be
used to resist |oads of momants applied in a plane
perpendicular to the connected faces.

10.11.2 Siendsrness of components. The components
should be connected together so thatl
[4

fu) .
=+ £ 0545k
'p

f, s the distance between the centroids of successive
connections

is the leasi radius of gyration of the unsupported

tength of a component of the member Between

successive conneclions based on the gross cross-sectien
aof the member .

Amaxis 85 defined in T0.8.3.

10.11.3 Connections between components
Connections bétweean componenis should be spaced so
as to dividg the averall length ofthe member in1o at least
three approximaiely equal paris.

Where these connections are made by welding, sohd
packings should be used to effect the jointing unless the
components are sufficientiy close togethes to permit
welding along bath pairs of edyges.

Where the components are separatad, connections made
by bolts or rivets should pass through solid washers or
packs. At least two connectars should ba provided side by
side transversely at each connected point if the width of
connected face is mare than 130 mm n the case of angles
or tees, of more than 150 mm in the case of channels.
Connections should be designed to resist the shear force
@, given for battens in 10.B.5.2, and the effects of any
transverse external loads, and shoutd be designed in
accoidance with clause 14.

11. Design of tension members

11.1 Genaral. This clause covers the desigh of straight
mermbers subjected to axial tension or 1o combined
tension and bending.

11.2 Limit state

11.2.1 Ultimate fimit state. Tension members should
be designed ta satisfy the provisions of clause 17 for the
ultimate hmit state. ’
11.2.2 Fatigue. The fatigue endurance should be in
accordance with the recommendations of Part 10.
11.2.3 Servicesbility limit state. The serviceability
limit state need not be considered.

11.3 Effective section

11.3.1 Ganersl. |n determining the effective section of a
membet, consideration should be given to the adequacy
of the end fixings to distribute the load effects into all
parts of the section.

11.3.2 Effective area. The sffective sectian A, should
be taken as:

A, =kikA;but £ 4
where

k+ =1.0except at a secvicn throogh a pin hole when
it should be taken as 0.65

k= = 1.2 where the member is of grade 43 steel, or
= 1.1 where the mermber is of grade 50 swee! or of
steel not complying with the reguirements of
BS 4360, for which o, < 355 N/mm2, or
= 1.0 whete the member is of grade 55 steel or of
steel not complying with the requirements of
BS 4360, for which o, > 355N/mm?
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11.1 Tension Members - General
Add at end:

This section shall cover the assessment of nominally
straight members subjected to axial tension or to

unless it can be shown that sufficient redundancy or
alterative load path exists in which case such
compression may be ignored.

11.3.2 Effective area

Add at end:

For assessment the value Qfshall be taken as
follows: -

1.2

where the member is B.S. 4360 grade 43
B.S. 15 steel,

1.1 where the member is B.S. 4360 grade
B.S. 968 steel,

1.0 where the member is B.S. 4360 grad r
Thirty Oak steel;
or
1.0+ 0.5 9L - 1.%
H Oy H

wherec:y andGULT are the no
ultimate stress derived in
respectively.

80

combined tension and bending. Where members act as E
compression members under defined assessment
loading then they shall be assessed under section 10
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A, s the net cross-sectional grea of the member or t is the thickness of the part. When the thickness
part given in 11.3.3 varies batween consecutive holes, as around the
A  is the gross crass-sactional area of the member or hee! of 2 channe! section, the mean thickness
part. should be taken.
, . NOTE. Whaere the critical chain of holes in a componant does not
11.3.3 Net ares of members with bolt or rivet coincide with that for the member as 8 whols, the load resisted
holes. Tha net cross-sectional arez A, of a member or of by the fasweners joining the components Batwasn the two critical
any of its components shouid be taken as the lesser of chains of holes should be' 1aken,into account in determining the

either the gross cross-sectional Bres A minus the area of etrength of the mambe;

all heles {including alt plug holes and countersunk heads) 11.3.4 Screwed rods. The net s?ctional ares of the
in a section perpendicutar to the direction of primary screwed rod should be tqken a5 either the area a1 the root
stress, or the least net erpss-sectional area of any diagonal of the thread, or,the tensile stress area given in BS 3692
or zig-zag section through a chain of holes, taken as: or BS4190 or B5 4385, as appropriate.
52 11.3.5 Pin-connacted membsrs: i." a pin-connected
A = A — TAp + I~ (see figure 39) member, the nat area of the Ion_wgltudmal section beyond
4g the pin-hole; paraliel to the axis of the member, should
not ba lass than the required nel cross-sectional area of
the mamber {se8 figure 40).

11.4 Thickness at pin-holas. If the edges of the
member are unstiffened, the thickness at & pin-hole of a
member of part should not be less than:

where

L Ay is the sum of the cross-sectiona! area of the holes
lying on the zig-zag ot diagonal section, including
any plug-holes

s is the spacing of consecutive holes measured
paratle] to the direction of primary stress in the oné-sixteenth x (Rat width at pin-hole perpendicular to
member axis of member) (see figure 40).

g s the spacing of the same holes measured at right
pngles to the direction of primary stress in the
member. in an angle or similer part having holes in
more than pne plane, g should be measured along
the centre of 1the thickness of the part

f i the thickness of the part

i
I | Pt 9'1
g, e
D e .
9, gt Fe
} at ds
le alib
1

b t

NOTE. The net ares 4| of the part.is the least of the araas of sactions a, & and ¢ a5 follows:

52, 82 .
- RS- A= g[w — {dy + gy + a5} + 025 g_ + F_ . coneidering all three holes
1 ]
532 . i
;P A=t w— (dy + g3} +025 oy 0 considering two holes
1 2
r— —'— A, = t[w — {the largest of d,, &, or d3)]. congidaring any one hole

Figura 39: Net area
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11.3.5 Pin connected members
Add at end:

Where this requirement is not met, it shall be checked
that tearing will not occur beyond the pin hole.

11.4 Thickness at pin holes
Add at end:
Where this requirement is not complied with, it shall

be checked that local buckling will not occur beyond
the pin hole.
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P

|

-

NOTE. The net area within the Jength ¢, should not be less than
the required nat cross-seciional area of the member.

Tha thicknass of section X-X should not be less than ore-
gineanth of the net width a1 X-X, unless 1he edges are stiffened.

Figure 40. Pin-connectad member

11.5 Strength

11.5.1 Axial tension. A member or pan subjecied to
axial 1ension should be such that the axial load does not
exceed the resistance Fp given by:

po = 2tAe

TmyE3
where
A, is the eHective cross-sectional area of the member of
par given in 11.3.2
¢y 15 the nomina! yield stress of the member &r par.

11.5.2 Combined tension and bending. A member
subjected to coexistent tension and bénding should be
such that, at alf cross sections:

P M A

— + i+ Y <10

PD Mot MDrt

where

P is the axial tensile force in the member

Py is as derived in 11.6.1

M, and M, are the coéxistent bending moments at the
section considered in the member about the X-X
and Y-Y axes, frespectively {see figure 1}

Mp,, end Mp,, are the cofesponding handing
resistances/with respsct toithe extreme tensile
fibre, detefmined in accordancewith 9.9, or
derived in accordance with 9,10 if the member is
stiffenad longitudinally.

Additionally, if al any section within the middle-third of
the length/of the member, the maximum compression
stress dué 10 Bending exceeds the tensile stress due to
axial load, the design should be such that:

M:m|:+ Mrmn: =1 +i
Moxc MDyc Pp
where

P and P are as defined above

M, nax 280d M, ., are the maximum bending moments
anywhere within the middle-third of the length of the
member

My, and Mp, are the corresponding beniding
tesistances with respect 10 the extreme compressicn
fibres, determined in accordance with 9.9, or derivedin
sceordance with .10 if the member is stitened
longitudinally.
11.5.2 Eccentricity of end connections, The bending
moment resulting from any eccentricity ofithe end
connections of B member or its component should be
taken into account in detemmining the values of the
bending moments referred to in 11.5.2.

In the case of a‘member consisting of a single angle
connected only by one leg. of of a relled or built-up tee-

section connected only by the table of the tee, ar a single

channel se¢tion eonnected only through the web, these
provisions may be considered torbe met if the effective
area of the unconnected legs is taken as:

34, 5A, )
e ——— AL — . |
(3 ; 2)A2 for angles and (5 . ; 2

foriees and channels
where

Ay is the net area of the connected leg of the angle,
or af the table of the t9e, or of the web of the
channel

A4 is the net area of the unconnected leg of the angle,
or of the stalk of the 1ee, or of both unconnected
flanges of the channel

NOTE. The 1able of a wee-section or web of 8 channel should be

connected withoutl eccentricity abour the centroidal axis
perpandicular to the table of the tee or the web of the channe!

11.6 Battenad tension members

11.6.1 General. A tension member consisting of two or
mere main components may have battens connecling the
gomponents, Bs described in 10.8.1.

11.6.2 Spacing of battens. Batiens should generally be
spaced uniformly throughout the length of the member.

11.6.3 Dimensions of battens. The length of each
batten, measured batween end attachments in a direction
parallel 10 the axis of the member, should not be less than
three-quarters of the distance between the centroids of
adjacent main components in the case of end battens. or
half such distance in all other cases.

The thickness of each batten should not be less than one-
gixtieth of the distance between tive innemost lines of
pttachments, except that, where both transverse edges of
p batten are etfectively stiffened by stiffeners having a
slandemess ratio not exceeding 170, the thickness of the
batien need not exceed Brmm.

11.8.4 Arrangement of batiens in single or paraiief
planes. In any battened member, other than a member of
eruciform saction, battens should be arranged in
accordance with 10.8.5.1.

11.6.5 Arrangement of batiens in cruciform
members, Battens in cruciform members should be
arranged in accordance with 10.8.6.9,

11.6.6 Connection of battens. A banen attached by
bolts or rivets showid be connected to geach main
component by at least two bolts or rivets. Welds used to
anach battens to the componenis should be in accor-
dance with 10.8.7.
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11.6.1 General

Add at end:

Where battens have been incorporated to cater for
lateral loading or vibration (or for erection and
handling during construction), and the requirements of
11.6.2to 11.6.7are not complied with, the battens and

their fixings shall be assessed to resist the effects of
all-loading to which they are subjected, including

=
&

$
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11.6.7 Loads on battens.Batiens and their fixings
should be designed to resist the effecis of any external
transverse loads on the member.

11.7 Laced tension members

11.7.1 General. A tension member consisling of two or
MOre main components may have lacing connecting the
components, as described n 10.9,%.

A laced tension member shoutd be provided with a batien,
in accordance with 11.6, in each plane of lacing, at each
end of the member, and at each paint where the system of
facing is imerrupted or where another member is
connected to the laced member.

11.7.2 Inclination of lacing bars. The inclination of
lacing bars should be in accordance with 10.9.2,

11.7.3 Loads on Iacing bars.Lacing bars and their
fixings should be designed 10 resist the etfects of any
externa) loads applied transversely 1o the member. Such
loads should be considered to be divided equally between
all systems of lacing or plates connecting the main
components in the appropriate parallel planes. The
slenderness of bars should be determined in atcordance
with 10.9.4.

11.7.4 Double lacing. A double system of intersacting
lscing bars shauld be in accordance with 10.9.6.

11.7.6 Welding of lacing bars to main components.
Where a lacing bar is connected by welding to a main
component of 28 member, the welding details should be in
accordance with 10.9.7.

11.8 Tension members connected by parfordted
plates

11.8.1 General. A tension member consisting of two or
More main components may have continudus perforated
plates connecting the components, either' in one.plane, or
in two o more paraliel planes, or in two perpendicular
sets of paralie! planes,

The thickness of @ perforated plate should not be less than
eng-sixtieth of the unsupported distance between
innetmast stlachments 1o the main gomponents. Each end
of a perforation shauld be rounded.

The clear distance between pérforalions s$hoold not be
less than half the unsupportad distance betwean
infiermost attachments to the main components, and the
clear length beyond the perferation a1 each end. of the
member should not be less than three-quarters of such
unsupported distance,

The unsupported width of a plate at a perforated section,
between the inner/@dge of the perforation and the nearsst
attachment te a8 main component, shauld not be more
than 20 times the thickness of the plate.

11.8.2 Strength of member, The net section of 2
perforaled plate may beincluded as part of the effective
section of the member when computing the strength of
the member in accordance with 31.1 10 11.5.

11.8.3 Loads on perforated piates. Perlorated plates
and their fixings should be designed to resist the effects of
any #xternal transverse lpads on the member. Such loads
should be considered 1o be divided equally between ail
the perforated plates and 1he other plates connecting the
main camponents in the appropriate paratlel planes.

83

B5 5400 . Pant 321587

711.9 Tension members with components back 1o
back. Tension members with components back to back
should be in accordance with 10.71.%.

Connections batween components should satisfy the
provisions of 10.11.3, except that the shear {orces
specified for battens need not be considered,

12. Design of trusses

12.1 General. Trusses’ are defined as viangulated
skeleta! girders Design of individual members and
connections should be in accordance with 12,2 10 12.7 in
conjunction with clauses 10, 11 and 14 as sppropriste.

12.2 Limit states

12.2.1 Ultimate limit state. All members and
compongnts of a truss should satisty the provisions of
clause 12 for the ultimate limit state. In trusses with stiff
joints stresses duse 10 axial deformation of members may
be ignorad.

12.2.2 Fatigue. Fatigue endurance should ba in
accordance with the recommendations of Part 10 taking
into account coexistent axiaf and bending stresses in
members in accordance with 12.3.1.

12.2.3 Serviceabiiity fimit state. Tension members
need fict be checked for the serviceability fimit state. Al
compression members should be checked for the
sarviceability limit state except:

{a) members of compact section throughout their
length, as defined in 10.6.3; or

{b) members meeting at a joint of a simply supporied
Warren truss, or modified Warren truss (see figure 413,
provided the ratio of length to width, in the plane of the
truss, of pach of these members is equal to or greater
than 12 for tha chord members and 24 {or web
members; the length being taken between the centres of
intersection and the width in the plane of the truss

12.3 Analysis

12.3.1 General. The effects of interaction between the
mambers of the main trusses and the (ateral bracing
systemn of a bridge structure should be considered.

12.3.2 Global ioad affects. The global load eftects an

the structure should be calculated in accordance with the
elastic theory, based on the assumption that all members
are straighy, and that either:

(8) aY members are pin jointed and each joint lies at
the intersection of the centroidal axes of the relevant
members and a!l loads, including the self-weight of
members, are applied at 1he joints; or

(b) the joints are stiff,

When considering the limit state of fatigue, or the limit
state of serviceability, either method (b) should be used.
or method (a}, modified by the inclusion of flexural
stresses due to axial deformation, self-weight of the
members and the stiffness of joints. H any prestressing of
the structure is adoptad to counteract these sirassss, this
should be taken into account for the serviceability limit
state, but only 90% of the ralieving effects of the
prestressing shauld be considered.
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11.7.1 General
Add at end:

Where lacing has been incorporated to cater for lateral
loading or vibration (or for erection and handling
during construction), and the requirementdhf7.2to
11.7.5are not complied with, the lacing bars and their
fixings shall be assessed to resist the effects of all
loading to which they are subjected including wind.

11.8.1 General
Add at end:

Where the above requirements are not met, the
perforated plate shall be assessed to resist the effects
of all loading to which it is subjected including wind.

11.9 Tension members with components back to
back

Add at end:

Where the requirements 0.11.1and10.11.
complied with, the members and their fixi
assessed to resist the effects of all load
they are subjected including wind.

12.1 General
Add at end:

Bending effects shall be ign
where these are solely du
members where the join
untensioned bolts or ri
secondary bending d
movement.
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12.3.2 Local load effects

12.3.3.1 Loads not applied at truss joints. Account should
be taken of the tollowing:

{a) resulting stresses when load is applied 1o & membert
in the plane of a truss other than at a joint;

(b} torsion and lateral flexure effects whan the applied
load is not in the plane of the truss. Where the load is
applied to a cross member, the effect of interaction
betwsen the cross member so loaded snd the truss and
adjacent cross members should be taken inte account.

12.3.3.2 Eccentricities ot joints. If, at a joint, the
centroidal axes of the adjacent members do not meet &t a
single point, the resulting flexura! stresses in the members
should be taken inta account.

12.4 EHective langth of compression mambers

12.4.1 General. The efective length £, of a compression
member shauld either be obtainad trom table 11 or be
determined by an slastic critical buckling analysis of the
truss. in applying table 11, the end raker of 8 truss should
be considered as 8 web member.

12.4.2 Lataral restraint by deack to compression
chord. A compression chord, continuously supporting &
steel or reinforced concreta deck, may be deemed to be
effectively restrained laterally throughout its ength if the
frictional or other connection of the deck to the chord 15
capable of resisting a latera! force, distributed uniformly
along its length, of 2.5% of the maximum farce in the
chord, The effective length £, of such a compression
chord should be taken as zero where friction provides an
adequate restraint, or 85 agual to the spacing o discreie
connections where these are provided.

12.5 Unbraced comprassion chords

12.5.1 Effective langth, Wheig 8 compression chord is
not provided with a system of lateral bracing, but is
restrainad laterally by U-frames comprsing ¢ross members
and truss web members (see figure 41), the effective
length ¢, of the chord member may be taken as:

£, = 2.5k3 (£1.88)975, but not less than 2

where

ky may be taken as 1.0, but where the compression
chord is restrained against bending in plan at its
section gver the supports of the truss, & lower value
of k3 may be obtained from figure 7(b)
i i& the maximum second moment of area of the
chord about the Y-Y axis shawn in figure 41
a isAbe distance between U-frames
& i the lateral deflaction which would occur in the U-
tramne, &1 the level of the centroid of the chord being
considered, when 8 unit force acts laterally 1o the U-
trame only &t this point and simultaneously at each
corresponding point on the other chord or thords
connecting 1o the same U-frame. The direction of
each unit force should be such as to produce the
maximum eggregste value of & The LJ-frame should
he taken as fixed in position at each point of
intercection between the cross member and an
upnight, and as free and unconnected at all other
points.
In cases of symmetrica! U-frames, whare cross members
and verticals are sach of constant moment of inertia
throughout their own length, it may be assumed that:

Table 11. Effective length ¢, for compression members in trusses

Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Mamber Effectlve langth
Buckling In Buckiing nermal to plane of truss whan:
plane of truss
tompredslon chord is | compression
af{wctivaty Drares ehord is
By lnteral system unbreced
0.85 x 0.85 x distance
distance between inter-
Chord be‘tween' sections wI?h
intersections lateral bracing See 1251
with web membaers or
members rigidly connected
crpss beams
Single 0.70 x 0.B5 x distance Distance
triangulated distance between inter- batween inter-
system between sections with sections with
intarsections chords chords
& with chords
=]
£ | Multiple 0.85 % 0.70 x distance | 0.85 x distance
£ /| intersection greatest between inter- between inter-
L& | systemn with distance sections with section with
2 | sdequate petween eny | chords chords
connections two SUCCESSIVE
at all points of | intersections
intersection
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12.5.1 Effective length
Delete the existing text and substitute the following

Where a compression chord is not provided with a

direction of each unit force shall be such as to produce
the maximum aggregate valuedofThe U-frame shall

be taken as fixed in positienat:eachspoint of
intersection between the cross member and an upright,

system of lateral bracing, but is restrained laterally byand as free and unconnected atall other points.

U-frames comprising cross members and truss web

members (see figure 41), the effective Iengtﬂ the
chord member shall be taken as:

Ie= K, Kg (E 1. ad)*?°put not less than a

where

Ky shall be taken as 1.0 but where the
compression chord is restrained
against bending in plan at its
section over the supports of the
truss, a lower value of;@hall be
obtained from figure 7(b).

K. = 2.5 where the trusses are
restrained at their supports against
torsion about their longitudinal axis
in accordance withh2.5.3.2 or

= ntwhere the trusses are
unrestrained at their supports
against torsion about their
longitudinal axis.

NOTE: Where the restfainbagainst
torsion at supports is less than

required to resist forces %Fk Fc)
underl2.5.3.2then linear
interpolation shall be assumed to
determine a value ofg*between
2.5 andrt

| Isthe maximum second moment of
area of the chord about the'Y-Y
axis shown.in figure 41,

a isthedistance between U-frames;

0 isthelateral deflection which would
occur in the U-frame, at the level of the
centroidrof the chord being considered,
when a unit force acts laterally to the
U-frame only at this point and
simultaneously at each corresponding
point on the other chord or chords
connecting to the same U-frame. The

84

NOTE: In cases of symmetrical U-frames, where
cross members and.verticals are each of constant
moment of inertia throughout their,own length, it shall
be assumed that

3
5=— 4 L
0 &0 Eb
SEEgeh lg 0
g 50

where

d, isthe distance from the centroid of the

compression chord to the nearer face
of the cross member of the U-frame;

d, isthe distance from the centroid of the
compression chord to the centroidal
axis of the cross member of the
U-frame;

d, isthe length of the diagonals measured
as the distance sloping from the
centroid of the compression chord to
the top face of the cross member of the
U-frame;

I, isthe second moment of area of the
web member forming an arm of the
U-frame in its plane of bending;
NOTE: In the case of warren girder
without intermediate vertical members
then the diagonal members shall be
assumed to provide U-frame stiffness,

with l,=0

I, isthe second moment of area of the
cross member in its plane of bending;

I, isthe second moment of area of the
diagonals which are assumed to act as
part of the U-frame acting in their
plane of bending;
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.3 usdy? f is the flexibility of the joint benween the tross
b= 3EL, + ET. + 0,2 member and the verticels of the U-frame, expressed
2 in radians per unit moment, f may be taken as:
where' . . . 0.5 x 10-10rad/N mm, when the cross member is
oy is the distance from the cefntrou:l of the cornpre:.slon bolted or riveted through unstifiened snd piates or
Eh;:rd to the nearer face of the cross member of the Cleats {see figure 42 (a)}, or
=irame .
o, is the distance from the centroid of the compression 0.2 x 10"'10 rad/N mm, wh.:fn t::: cro:s rln:rnbet 5
&hord 10 the centroidal axis of 1he cross member of bofted or riveted thiough stiffened end plates (see
the U-frame figure 42 (b)), or .
f1 is the second moment of area of the web member 0.1 x 10— rad/N mm, when thg €ross member is
forming an arm of the U-frame in its plane of welded right tound its cross Séction or the
bending connectian is by Bolting or riveting between
I= is the second moment of srea of the cress member stiffened end-plates on the cross T‘I"!meer and @
in its plane of bending stiffened pan of the vertical or & stiffened section of
v = 0.5 tor an outer baam, or the chord (see figure 42(c)).
= 0.33 for 8n inner beam, if there are three Or MO, e casé of modified Warren or similar trusses {see
beams interconnected by U-frames figure 41), the end raker should b8 Considered as a chord
s is the distance hetwesn centres pf consecutive for the purposes of this/ clause.
main girders connecied by the U-frame
intermediate U-frames
End 3
L-frames - -
< - by
e
Mod:ified Warren truss
Type (8)
Intermediste U-frames
Enc
U-frames .
N L]
s P
Madified Warren fruss
Ent 3 Intermediate U-frames B
U-frame - -
{i L ! Type (b)
-IM
Peatt truss }
v ¥ % = . I—] ;
—.J 6 il
A - Iy D T .t LY
T i \ 1
gy dz I
! I
5 . .
Y Y Type (c)

Figure 4% Latarsl restraint by U-frames

Figure 42. U-frame joints
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= 0.5 for an outer beam, or

= 0.33 for an inner beam, if there
are three or more beams
interconnected by U-frames;

is the distance between centres of
consecutive main girders connected
by the U-frame;

is the flexibility of the joint between
the cross member and the verticals
of the U-frame, expressed in
radians per unit moment: f shall be
taken as 0.5 x 19 rad/N mm, when
the cross member is bolted or
riveted through unstiffened end
plates or cleats (see Figure 42(a))
or

Figure 41. Lateral restraint by U-frames

85

0.2 x 10" rad/Nmm. when the cross member is bolted
or riveted through stiffened end plates (see Figure
42(b)) or

0.1 x 10'° rad/N mm, when the croess member is
welded right round its cross section or.the connection

is by bolting or riveting between stiffened end-plates

on the cross member and a stiffened part of the vertical
or stiffened section of the chord (see Figure 42(c)).

NOTE: Values of f may be determined experimentally
or taken from test results available which shall cover
the required ultimate capacity of the joint.

In the/case of the modified warren or similar trusses
(see Figure 41)the end diagonal shall be considered as
chord for the purposes of this clause.

Delete the existing fgure and substitute the following
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12.5.2 Effect of Joading on 8 cross member, When
the compression chord is held in position over the
supports by means of end members in the plane of the
truss, the iateral flexure of a compression chord due to
Inading on a cross member should be considered. In the
absence of a rigorous analysis of the interaction of main
girders and cross members, the maximum value M, of the
lateral bending moment in a compressicn chord may be

taken as:
L
— =125
M = _ SEifdy « [1+ ]
¥ F P2
1 - _‘) =
L{,( Py 28+35 (PE)

provided that each main girder is in a vertical plane, and
that the two chords of a main girder are paralisl;

where

@ is the rotation (in rad) of the cross member at its
junction with the main girder under consideration,
undes the loading used when calculating P.. ff may
be calculated neglecting any interaction between
the cross member and the main girders. i, because
of non-uniform loading. @ varies between cross
members, the average value of 6 for those cross
members within the loaded portion of the span
should be used

I, and dy are as defined in 12.5.1

i is the span of the main girder being considered

{, s as defined in 12.5.1

P, is the maximum force in the compression chord in
the span being considered

P is taken as follows:

niki

a) Pg = £

(8} Pe 7.2

it £, is tess than three times the spacing of U -frames,
1.26n2 £]

b) Pg = et

(b) Pe 72

if £, is more than four times the spacing of U-frames.

(c) P is obtainad by linear interpolation, for
intermediate values of /.

For HA or RL or any uniformly distributed loading when
placed aver the whole spaf, the maximum moment M,
derived above should be/assumed to act anywheré within
& horizomial distance ¢4 from each bearing suppart of the
beam. Eisewhere the Bending moment should be assumed
to be 0.5M,.
For sli other loading cases it should be assumed that M,
acts anywhere withio the span.
12.5.3 U-frames
12.5.3.1 Intermediate U-frames. Each intermediate
U-frame and its connections hou'ld be designad to resist
al! of the fallowing:

{a) Wind and other applied forces.

{b). Horizontal forces F, acting normai to tha

compression chord al the level of its centroid,

given by:

F f
Fa =
u (PE - Pc)e.s?a

-

but not greater than:

P\ _E
Pg— P} 16732

where

P.. Pg are as defined in 12.5.2

2. 8. I, & are as defined in 12.5.1,
In the case of several/intercannecied trusses, twa such
forces £, should be applied in the same o opposite
directions, in such a way 85 to produce the most severe
effect in the part being considered.
{c) Horizontalforces . applied 10 the U-frame a1 the
same points and in the sarme manner as in (b} for F .
The forces £, result from the interaction berween the
bending of the cross member and the vertical members
of the Uétrame, and,.in.the absence of 8 more rigorous
analysi§, should be assumed 1o be given by:

3£
c = dzz

where

Bis 25 defined in 12.5.2
I3, g are as defined in 12.5.1.

12.5.49.2 End U-frames, End tJ-frames of trusses
restrained laterally by a system of Li-frames should be
designed 1o resist all applied Ioads, and, in addition lateral
forees each equal to 2{F, + F.}, where the magnitudes of
F, and F, and their mannes of application are given
in12.5.3.

In the case of Warren-type trusses, where the extrems
node of the compression chord is laterally restrained by
U-frames both in the plane of the end disgonals and in
the plane of the extreme verticals, the total lateral forces
given above may be assumed to be shared by the two sats
of U-frames.

12.6 Latera! bracing

12.6.1 General. Sufficient bracing should be provided
between main trusses to ensure that all external and
stabilizing loads and load effects can be transmitted to the
supporting structures, and that restraint is provided at all
intersection points where such restraint is assumed in
determining the effective length of compressian members.
and also at each point where a compressive force is
applied to a web member, owing o change of direction of
a chord {whether the chord is in tension or compression).
Bracing members and their connections to compression
chords, or 10 L)-frames restraining compression chards,
shouid be designed to resist the forces given in 12.8.2.
U-frames should be in accordance with 12.6.3.

%2.6.2 Forces on brecing. Lateral restraint shovld be
provided to compression chords in such a way that at all
transverse sections of the bridge the following stabilizing
lateral shear force can be resisted:

{a) T#, /B0 when the load combination includes wind
and other laterally applied forces:
{b) ZP_ /40 when the load combination excludes wind
and other laterally applied forces;

where

TP, is the sum of the greatest cosxistent axial forces
in any twao chords at the section under
consideration.
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12.5.3.1 Intermediate U-frames

In item (c), delete the expression for“&nd the

definitions for 9, I, and g and substitute the
following:

o+

15EI,

where
d2, 0, a andcl are as defined ib2.5.1

0 is as defined in2.5.2except that it should
be calculated assuming the cross member is

simply supported.’
Add at end:

Where in assessment of the adequacy of an
intermediate U-frame allowance is to be made
initial departures from straightness of a compr

chord Ifjshall be calculated in accordance wit
9.12.2.2with Ie in accordance with2.5.1.

Add new Clause 12.6.3;

12.6.3 Lateral bracing not providin qua
restraint

In cases where any of the provisiond
12.6.2are not met in assess
ignored and assumed to provi

es
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12.7 Curvad membars. A tension or compression
member curved to 8 circular arc (see figure 43) may be
designed in accordance with this Pan. provided that

{a) 1he deviaticn & from the straight line joining the
points of intersection at the ends of the mamber does
not exceed one-twelfth of the length of the straight lins;
{b) the cross section is compact as defined in 10.6.3:
{c) aflange putstand, if any, is such that:

by R

ty 8b,

where

b, is the width of the outstand measured from the
edge 10 the nearest line of bolts or rivets
conneciing it to a supporting part of the member,
or to the surface of such supponing pan in the
case of welded construction, or 1o the root filiet
of a 1olled seclion

2y 15 the mean thickness of the outstand, or the
Bggregate thickness whera hwo or mdre parts are
connected wn accordance with 14.5 or 14.6

R is the radius of curvature,

{d} the unsupported width of flange is such that:
b R

- g —
17 2b

BS 5400 : Part 3 : 1982

whare

b s the unsupported width of flange batween lines
of boits or rivets connecting the plate to
supporting parts of the member, or berwean
surfaces of such supporting parts in the case of
welded construction;or between root fillats of
rolled sections

£y is the mean thickness of the fiange over width p,
or the aggregate thickness where Two ot more
pans are connected in accordance with 14.5 or
14 6;

{e) a transverse load of uniform intensity is considered
as applied in the plane of the curve throughout the
length of the member, acting on tha convex side of a
tension member, or the concave side of a compression
member, 8ng having a value P/R,. whare P is the axial
force in the member.

Bending moments it the member should be calculated
from this load on the assumption that the member is
pin-ended, and should be superimposed oh the bending
moments due ta rigidity of the jpints determined in
accardance with 12.3.2(h}.

P e . — -y— P

NOTE, 4 is not greater than 2712
Figure 43. Curved members
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12.7 Curved members

Add at end:

9.5.7

(2) The effects of the change in neutral
axis position due to curvature;

(3) The buckling resistance of the section
where it does not satisfy the criteria for a

compact section;

(4) Flanges must be adequate to resist
the radial component of the flange
force. Assuming the axial force in
the flange is distributed uniformly
across the width, the line load
radial force per unit width across
the flange per unit length of the

flange may be expressed as:

Oty _
Ry in a flange outsta
o' in a plate pan
Tf between longitu

stiffeners eb

whereof, tm, tT

87

Where members do not comply with requirements (a)
to (d) consideration shall be given to the following:
(1) The forces and stresses according to
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12.8 Gusset platas

12.8.1 Sirength. Gusset plates should be capable of
resisting the actions from connected membars in such a
way that the maximum equivaiant stress does not exceed:

%
Fm713
where
s, is the nominal yield stress of the gusset material.

Any reasonable assumption as 10 the distribution of
strasses may be made, provided that the assumed stresses
are in equilibrium with the forces in the connecting
members, and that the connections are in accordance with
clause T4.

In assessing the fatigue life, the sresses in a gusset plate
should be determined by slastic analysis.

12.8.2 Detailing. Gusset plates should be so shaped,
and connnactors so arranged, as to avoid severe stress
concentrations. The lengths b4 of unstiffened unsupported
edges shown in figure 44 should be such that:

55
¢ Oy
where

f is the thickness of the gusset
oy is the nominal yield stress of the gusset matarial.

o=

NOTE. Tha unsupponed edge distance by is measured clear
hetween fixings.

Figure 44. Gussat plates

13. Design of base, cap and end platas

Bese plates, cap plates andend plates should be designed
at the ultimate limit state 1o satisfy the following yield

criterion:
1682 3V 2
T + & < (._'}.Y_)
t Ym¥i3
wherg

M ‘is the maximum bending,moment per unit widih of
the plate
is the co-exristent shear force per unit width

£ 00,15 the plate thickness

a, 15 tharnominal yield stress of the plate materiat.

in addition, the calculated deformation of such a plate and
the contact pressure distribution assumed should be
compatible with the assumptions made in the design of
the adjacent structural elements.

14. Design of connections

14.1 General. The term ‘connection’ applies to all joints
between different components of a structural member,
joints between separate structural members and splices in
members.

The term ‘fastener” applies to bolis, rivets and pins.

14.2 Limit states

14.2.1 Ultimate Iimit state. Al connections should
satisfy the provisions of clause 14 for the ultimate timit
stata.

14.2.Z Fatigue. The fatigue endurance should be in
accordance with the recommendations of Part 10

14.2.3 Serviceabllity limit state. Connections made
with HSFG bols in accordance with BS 4395 Pants 1
and 2 in normal clearance holes should also satisfy the
provisions of clause 14 for the serviceability limit state
{see 14.5.4.1). This limit stata should be deemed to be
reached when the design shear load on a balt equals its
friction capacity.

14.3 Basis of design -

14.3.1 General Connections should be designed on the
basis obthe strengths of the individual fasteners or welds,
1o transmit at least the design loads and moments
communicated by the members.

14.3.2 Alignment of members. The centroidal axes of
meribers meeting at a joint or at a splice should preferably
meet 8t a point. When this is not 1he case, the moment on
the connection due 10 any eccentricity should be taken
into accaunt.

14.3.% Distribution of loads between fastensrs or
welds

14.3.3.1 Liastic anafysis. The distribution of forces
between individual fasteners in a bolted or riveted
connection and hetween welds in a welded connaction
may be determined on the assumption that:

{a) all the fasteners and al! the welids share the design
axial load in proponion to their respective strengths;
{b) the force on a fastener or a length of weld due to a
moment on the connection is proportional to its
distance from the centroid of the connection.

14.3.3.2 Plastic analysis. Except in the case of con-
nections made with BSFG bolts, for which the friction
capacity of the fasteners is taken as the design strength in
accordance with 14.5.4.2, any reasonable distribution of
ihe forces on the fasteners and stresses in the welds may
be assurmed provided that:

(a) they are in equilibrium with the applied load effects; .

{b} the implied deformations are within the capacity of

the fasteners or weids and of the connected parts;

(c) each element in the connection is capable of

resisting ihe forces or stresses assumed in the analysis.

14.3.4 Distribution of load to the connected
membars. As far as possible, members should be so
connected that the load in the connected member is
appropriately distributed over its whaole effective section.
Where any part of a member cannot be connacted so as
to meet this provision, the manner in which the load
etfects are distributed should be considered. For this
purpose, it may be assumed that the load is dispersed
from a fastener into 2 connected part within an angle of
+45* from the direction of the torce.

Groups of fasteners should be as compact as possible.
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12.8.2 Detailing endurance of welds as required unti&:2.2 In other

ases, plastic analysis shall be usedin aceordance with
Add at end: 14.3.3.2.

In the case of severe changes in geometric shape suttmay normally be aséumed thatfor the assessment of
as the presence of sharp re-entrant cuts then stress connections in beams, alkthe bendingis resisted by the
concentration factors shall be applied. flanges along with any assoeiated flange angles, and

:hat shear only is resisted by the web, provided that
Where b/t exceeds the above limit then local bucklingthis is compatible with'the basis of the assessment of
of the gusset plates shall be checked, either by meani§ie member.

of a detailed analysis or by means of reducing the yield _ :
stressoy, given in12.8.1to a value given by 14.3.4 Distabution ofjload to,the connected

members
Ut D2
0.9 1&%% Add at end:
9
14.1 General For assessment where any part of a member is
connected sa that the load is not distributed over its
Add at end: effective section, then it shall be assumed that the load

IS dispersed from a fastener onto a connected part

For assessment the term ‘fastener’ also applies to th&vithin an‘angle of + 45° from the direction of the

components of members such as screwed tie rdds afd8'ge, unliess a detailed analysis is carried out which
turnbuckles. can substantiate an improved distribution.

14.2.3 Serviceability limit state
Add at end:

Where, in assessment, such connegtions are caleulated
to slip under serviceability factored loading in
accordance witi4.5.4.1.2and no distress Is apparent
at the joints (see Note 34n2.2 they shall be checked
under ultimate factored loading in.accordance with
14.5.4.1.1b) and the fatigue endurance of the joint
shall be checked assuming the fasteners to be black
bolts. If there is evidence of loose rivets in rivetted
connections then the fatigue endurance of the joint
shall also be checked‘assuming the fasteners to be
black bolts. Fatigue endurance shall be assessed in
accordance with442.2,

Add new Clause 14.3.3.3:

14.3.3.3 Assessment

For assessment elastic analysis shall be used in
accordance witi4.3.3.1for H.S.F.G bolts checked
for the serviceability limit state when adopted under

14.2.3 and'when considering the fatigue
88
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14.3.5 Connection of restreints to parts in
compression. A copnection between a part in
compression and any intermediate restraints should be
designed to resist:

{a} a force equal to 2.5% of the axial force in the
member acting in a direction opposite to that of the
restraint; and

{b} the effects of any other extemal load/moment on
the membger.

14.3.6 Prying force. Where bolts or rivets are required to
carry an appied tensile load A, they should be
preportioned to resist an additional force A due to prying
acvon where this can occur (see figure 45). The torce A
should be assigned a value not smaller than 2 /10, such
that the bending moments at sections 1 and 2 do not
axceed:

— x (plastic moment capacity of the respective
Tmif3  gaction based on the net area of the section).

in determining the moment capacity atl section 2, the
length of the section may be determined on the
assumption of a disparsion from the fasteners at angies
net exceading + 60" from the nomal to section 2, but nat
beyond half of the distance to the adjacent fasteners in
the line, The same gross length may be assumed to apply
when determining the moment capacity at section 1.

14.4 Splices
14.4.1 Cowver material

14.4.1.1 General. Where cover material is used 1o transmit
foad through a splice tha following conditions should be
satisfigd whenever practicable:
{a) both surfaces of the spliced parts should be
provided with cover matenal;
(5) cover material should be 56 disposed. wilh respect
1o the cross section of the member, as 1o communicate
the proportional icag in the respective pans of the
section.
Where the provisions of aither (3) o (b} are not met, the
effect of any eccentricity of cover material with respect to
the centroid of the spliced section, or any part of such
section, should be cansidered when determnining the
strength both of cover material and of the member or part.
14.4.1.2 Welded stitfener spiices. The eoges of cover
material in a welded stiftener splice should be weided to
the plate which is being stiffened.
14.4.2 Compression mambers
14.4.2.1 Loads to be transmitted. A splice located at or
near an effectively braced joint shall be capable of
transmitting at feast the design {oad effects in the member.
Al other splices shall be capabie of trapsmitting 2t teast
the load effec1s and the stresses at the spliced section dua
to initial imperfections. To achieve this, tha splice should

. . P .
be designed to transmit a force equal to 7 % Ppy, in
D
addition to any ceincident moments and shears;
where

P 15 thenlead in 1he member or pan

£5 15 the resistance of the member or pan

Pn, is the resistance of the member or part determined
as if it were a stocky member (see 10.6.3).

B5 5400 /Fan 3 : 1982

14.4.2.2 Design stresses. The maximum Stress ¢, in a
spliced part and that in 1he cover matenal should not
exceed;

Gy

Tm713
where

g, is the axial stress/or,where shesr 15 present, the
equivalent stress, basad on the effective area of

the cross section determined in accordance with
10.5

is the nominal yield stress of the spliced part or

the cover/ maierial, as appropriate.

14.4.2.3 Machined ahutting ends of paits in compression.
A splica which has machined abutting ends in contact
over the whole area of the section may be assumed to
carry 75 % of any compressive |oad directly through the
abutting ends. If the abutling area is increased by means
of machined end platas, the whole compressive load may
be assumed to be transmitied through the aburting faces.
The alignment of the abutting ends shall be maintained by
cover plates or other means. The cover material and its
fastenings should be proportionad 1o carry a force at the
butting ends, acting in any direction perpendicular to the
axis of the membes equal to 2.5 % of the compressive
force in the member.

14.4.2 Tension membaers

14.4.3.1 Loads to be transmitted. A splice in a member or
part subiected 1o tension shall be desighed to transmit at
feast the load in the member ar part.

14.4.3.2 Design stresses. The maximum stress o, in the
spliced part and that in the cover materal should not
exceed:

Gr
Tmrf3
where

&, 15 the ax‘al stress or, where shear is
presert, the egquivalent strass., based on the
effective section determined in accordance
with 11.3 or 0.8 times the effective section
for outer plies in connections made with HSFE
bolts acting in friction

is the nominal yield stress of the splice part o tha
cover materiai, as appropriata.

14.4.4 Members in bending

¥

14.4. 4,1 Gemaral. A solice in a mamber or part
subjected to bending and axial load affects shouid
satisfy the requirements of 14.4.4.2 to 14.4.4.4 and
14.4.2 or 14.4.3 as appropriate.

14.4.4.2 Compression flanges., Compression flanges
should be treated as compression .members and spiiced
in accordance with 14.4.2, In determining the
load to be transmittea at a spiice that is not
effectively braced, the follewing definitions should
ba adented:

P is the force in the compression flamge
at tha splice position
. Pg is tha flange compression caloulated from
+he bending resistance of the beam at the
positicn of <tha maximum banding moment
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14.3.5 Connection of restraints to parts in

) (b) Where only one surface is provided with covers,
compression

then bending effects are tosbesconsidered at the
serviceability limit state; but may be ignored at the
ultimate limit state. For.the calculation of bending

h h . st the f effects it may be assumed that the line of action of the
In cases where the connection cannot resist the OrC€3ial force in the splice is located along the interface

?n () and (b) above, the intermediate restrai_nt shall br?etween the parent.material and the cover. The effects
ignored, or the system_ may be che_cked making due of eccentricity shall be ignored when bending is
allowance for the maximum restraint that can be effectively prevented'by:

provided, se®.6.

Add at end:

(i) the presence of surrounding or adjacent

14.3.6 Prying force concrete or other solid infill, or

Add at end: (if) the presence of an element which prevents

bending of either the parent material or the
caver./This element shall be within a distance
of 12t from the furthest fastener where t is the
thickness of the parent material to which the
cover plate is attached.

Where mare than one line of bolts or rivets is present,
then in the absence of effective stiffening to reinforce
the connection, only the inner line of fasteners adjacent
to the web shall be assumed as effective in resisting the
tensile load.

Add new Clause 14.4.5:
The value of prying force assigned to the force‘H shail

only be taken as R0 providing a greater value is not 14 4 5:0bsolete splicing methods

produced by either }or H,, where:
In older bridges, limitations on thickness of plate
which could be rolled meant that several plates were

g 4 required to build up the required section thickness.
H. = P% Y- ('—t / 30at? Aé) When assessing splices in such section, consideration
1= h

shall be given to the load path through the joint to
ensure no single component is overloaded, see figure
14.4A and B.

0

E%%ﬂ@(u“ / a7 )
H, = &%—%E[a - (R /18aczﬁé)]

In cases where botthmd I—& are less thantF.LO, the

higher value of Hor Hishall'be used. For notation
see Fig 45A in the Advice Note.

14.4.1.1 General
Add at end:

The following assumptions:shall be made for
assessment:

(a) Where both surfaces of the spliced parts are

provided with covers then axial stresses shall only be
assumed in design. 89
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KOTE. ¢ is the timitation on the tength of sections 1-1 and 2-2.
g is the angle of gispersal of A, end should not excead 6C™

Figure 45, Prying forces

A/210 y. November 1996
-



Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Volume 3 Section 4
Part 11 BD 56/96 Annex A

£
e Emm
P ~—| SRR T </|'|
' I S
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Figure 14.4B Types of filler plates.
(a) Loose fillers, (b) Tight fillers
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14.5 Connections made with balts, rivets or pins
14.5.1 Spacing of boits or rivets

14.5.1.1 Minimum pitch. The distance between centres of
baolts or rivets should not ba less than 2.5 times the
diameter of the shank of tha bolt or rivet.

14.5.1.2 Maximum pitch

14.5.1.2.1 in any direction. Except as noted

in 14.5.1.2.2, tha distance batween centres of two
adjacent baits or rivets should not exceed 32¢ or 300 mm,
whichever is the lasser, where ¢ is the thickness of the
thinner of the outer parts joined (ses figure 4§).

14.5.1.2.2 In the diection of stress. Except as noted

in 14.5,1.3, the distance betwesn cantres of twa
consecutive balts or rivets in a line fying in the direction
of stress shouid not be greater than:

{a) 16¢ or 200 mm, whichever is the lesser, if the parts
joined are in tension or shear;

{b) 12¢ or 200 mm, whichever is the lesser, if the parts
jeined are in compression. Where compressive forces
are transfered through abutting faces, this distance
shouid not exceed 4.5 times the diameter of the boits or

(MG0mm - &3
or 200 mm or 167

e
K- :
4

BS 5400 : Part 3 : 1982

rivets for a distance from the abutting faces equal to 1.5
times the width of the member.

14.5.1.2.3 Adjacent to an edge. Excapt as noted

in 14.5.1.3, the distance between centres of twao
consecutive bolts or rivets in a line adjacent to, and
parallal tc an edge of, an outside connected part shauld
not be greater than (100 mm+44) or 200 mm, whic hever
is the lesser,

14.5.1.3 Staggered spacing. Where bolts or rivets are
staggered at equal intervals, and the gauge is not greater
than 75 mm, the maximum distance betwesn centres of
bolts ar rivets, as given in T4.5.1.2.2 and 14.5.1.2.3, may
be increased by 50%.

14.5.1.4 Spacing in stiffener attachment. The distance
between centres of twa cansecutive balts or rivets
cannecting astiffensr to a plate or other part subjected to
comprassion of shear shouldwnot be greater than b/4, or
the limit obtaingd from 14.5.1.2.2, whichaver i3 the lesser:
wher b is the maximum/distance between adjacent
stiffeners or between a stiffener and other support to the
plate.

150 mm+&F)
or 300mm or 24GF

-
- + +
ey . + P
T3 + + i o
] P +
|, j’ +F + + Y \\

+ i
/ \/\ 300mm (150mm + 6
300 mm {100mm + 579 or 32F or 300mm
or 32.‘ or 200mm .. i ;
,/) q /
\4\ -@-—-—5// R TR ey 74
!' ™~ R 2 -+ + + | o
) _{ i T e + + + + ! 1F__ .I
=" (G AP et ="
- A+ o+ /7 9
o . |
209 mm..~ -} f+ i+ % womn ]
ar 12F | . or 18¢ i
3 (150mm + 6f)

{0 mm«+ &4)
ar 200mm_ar 124

(a) MNormal spacing

NOTE. 1. Staggemad spacing valuas are for 75 mm gauge
{maximum) .

NOQTE 2:Spacing of fagtaners should not exceed the least

relevznt value. @ are_appropnate away from edge, = are
apprapfiate ar edge.

Figura 46. Maximum pitch of bolts and rivets

ar 300mm or 135

(b Staggered spacing

g1
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Add new Clause 14.5.1.5:

14.5.1.5 Assessment of non-complying arrangements
Where any of the limits i64.5.1.1, 14.5.1.2, 145.1.3
or145.1.4are not complied with, allowance shall be
made for a reduced strength of the fasteners or plate in

assessment. Guidance is given in the accompanying
Advice Note.
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14.5.2 Edge snd end distance.The distance from the
centre of the fastener hole to the edge of a part should
not be less than:

{a) 1.24 for bohs (other than HSFG bolts acting in
friction) or rivets, or such larger distance as may be
required to meet the provisions of 14.5,3.6;

{b} 1.5 for HSFG bolts acting in friction;

where

d is the diarmeter of the hale.

A line of bolts or rivets should be placed at a distance of
not more than (40 mm+4¢) from any edge, where I is the
thickness of the thinner outside part.

14.5.3 Strongth of fasteners other than HSFG bolts
acting In friction

14.5.3.7 General. The uhiimate strengths given for bolts
and rivets in shear and bearing apply only to bolits and
rivets in holes not larger than the sizes given in 4.5 of
Parl 6 of BS 5400 : 1980,

Black bols should not be used in permanent main
structural connections of highway and railwey bridges.

For fasteners other than HSFG bolts, the ultimate limit
state of & connection should be deemed to be reached
when the design load on any fastener equals its ultimate
capacity, determined in accordance with 14.5,3.2

o 14.5.3.11.

14.5.3.2 Bo#s subjected to axial tension. In a bolt
subjected to applied axial tension, the tensile stress:

P+ H

'’r
should not exceed:

bl

Imita
where

P, is the externally applied tensile load
M is the prying force determined in eccordance with
14.3.6
A, is the tensile stress area'of the bolt'given in
BS 3692, BS 4150 or BS 4385, as appropriate
¢y is the lessar of
0.7 xminimum uitimate tensile stress,
and either the yield stress or'the stress at
permanent set of 0.2%, as appropriate.
14.5.3.3 Rivets subjected to axial tension. The use of
rivels in tension should be avaided wherever possible.
When unavoidable/ the tensile stress:

P+ H
g =
A,

should not exceed:

Ty

TmTia
where

#; and H are as,defined in,14.5.1.2
Ay, is the area of the rivet hole
ay =080, for normal rivets, or
=050y for countersunk rivets
@y is the yield stress of the rivet material.

14.5.3.84 Fasteners subjected to shaar anfy In a fastener
subjected to shear, the average shear stress:

. ¥
Y

should pot exceed:

_ %
Ymrian/2
where

v is the applied Ioag.on the fasténer

n is the number of shear planes resisting the applied
shear

A,, for p boli is the sectional area of the unthreaded
shahk, provided the shear plane or planes pass
through the unthreaded part, or
= A, ifany shear plane passes through the
threaded part,

A, fora rivet is the area of the hole

Aqq fora pin is the cross-gectional area of the pin

Agpis as defined in 14.5.3.2

g = a, for aii fasieners except black bolts and hand
driven rivets, or
= 0.B50, for black bolts and hand driven rivets

a,  is the yield stress of the fastener material.

14.5.3.5 Fasteners subjected to tension and shasr.
Fasteners subjected to coexistent tensile and shear forces
should be in accordance with 14.56.3.4 and 14.5.3.2
or 14.5.3.3. as appropriate. and the tensile stress ¢ and
shear stress T in combination should be such that:
2 2 1

) -2 <
AU Tq Fm¥1a
where

9.9y 1 and o, are s defined in 14.5.3.2, 14.5.3.3
and 14.5.3.4, as appropriate.
14.5.3.6 Bofts and rivets in bearing. The bearing pressure

ap between a fasiener and esch of the connected parts
equal to V/A4 4. should not exceed:

k 1 k 2’( 3.’(4 g ¥
im¥ia
where

' is the oad transmitted 10 each connected part by
the fastener

A, for a bo't is the product of the shank dismeter of
the bolt and the thickness of each connected part
loaded in the same ditection, irrespective of the
Incation of the thread

A,y for arivet is the product of the diameter of the
hete and the thickness of aach connected pan
loaded in the same direction

A for countersunk bolis or rivets is as stipulated
above with half the depth of the countersink
deducied from the thickness of the pan joined

ky = 0.85 for black bolts and hand driven rivets, or
= 1.0 for all other {asteners
ks = 2.5 except that when the force transmined by

the connector is towards the edge of the par
connected (see figure 47), the following values of
k3 shauld be taken:

= 2.5 when ths edgse distance 2 34, or

= 1.7 when the edpe distance = 1.54 {minimum
for HSFG bolis), or

= 1.2 when the sdga distance = 1.2

g2
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14.5.2 Edge and end distance
Add at end:

Where any of the above limits are not complied with,
the strength of the fastener or plate shall be reduced for
assessment purposes. Guidance is given in the
accompanying Advice Note.

14.5.3.1 General
Add at end:

Where any of the general or specific requirements of
this or any of the following sub-clauses are not met in
assessment, due allowance shall be made on the
strength of the fasteners. Guidance is given in the
accompanying Advice Note. Where black bolts have
been used in permanent main structural connection
their assessment shall include a fatigue check, ie
generally as Class G detail. Bolts shall be assu
be black bolts and rivets shall be assumed to b N
driven, unless there is evidence to the contrary.

Q
$
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o is 1he diameter of the hole, and the edge distance
is measured from the centre of the hole.
MDTE. For intermediate values of edge distance, k 3 may
be obtained by linear interpolation.

kyq =1.2it the part being checked is enclosed on
both faces with the fastener acting in double
shear, or
= 0.95 in all other cases

ks  =1.0 except when the fasieners are HSFG bolts

acting in friction, or
= 1.5 when the fasieners are HSFG bolts acting
in friction

a, is the yield stress of the fastener material or of the
connected part, whichever is the lesser.

For fasteners adjacent to an edge where &3 is less than
2.5, the reduced capsacity applies only 1o fasteners
adjacent to the edge. Subject 1o the provisions ot 14.5.5,
the total besring capacity of the fasteners in @ connection
shali be the sum of the full bearing capacities of fasteners
away from the edge and the reduced strength of those
adjacent 10 the edge.

Edge  |Edge
distance]distonce

Py a— 1
j—wP
pf, =L
d
[}
P-——L —F

2

Figure 47. Fastener force towards edge of part

T

14.5.2.7 Pins in besring. The bearing area of 2 pin is the
product of the pin diameter and the thicknasses of the
paris in bearing leaded in the same diraction. Con-
sideration should/be given to bending siresses in ping. For
this purpose, the effective span shouid be taken ns the
distance betwesn centres of the appropriste bearing areas.
In addition, if the pin passes through baaring plates
having & thickness greater than half the diametar of the
pin. consideration should be given 1o the variation of
besring pressure across the thickness of the plate, and the
eHective 5pan.

BS 5400 : Part 321982

The following stresses shoukd not be exceeded.
{a) bending stress in the pin:
1_5035
Fm¥i3
where o is the yield stress of the pin matenial;
() bearing pressure where relative rotation oceurs
between the pin and'the connected element:

0750,
Tm¥13
{c) beanng pressure where such rotanien does nol

oCcour:

1.6e,

TmiE .
where oy, is the yield stress of the pin or of the
connected part, whichever is the lesser.

14.5.3.B Long grip rives. The prip of a rivet shouid not be
greater than gight times the dizmeter of 1he hole.

Where the grip length of a rivet exceeds six times the
diameter of the hole, the number of rivets calculated 10
satisty the provisions of 14.5.3.3 10 14.5.3.6 should ke
increased by 1% foreach additional 2 mm of grip.
14.5.3.9 Securing nuts, Wherever there is a risk of nuts
becgming loose they should be secured. Muts of friction
gtip boits need not be further secured after tightening.

14.5.3.10 Bokts and rivets through packings. The number
of bolts or rivets transmitting load in bearing with
packings thicker than 6 mm should be increased above the
number calculated in accordance with 14534

and 14.5.3.6 by 1.25% for each addrtional millimetre
thickness of packing.

For double shear connections with packings on both sides
of the splice the number of additiona} rivets or bolts may
be determined from the thickness of the thicker packing.

The additional rivets or bolts may be placed in an
extension of the packing.

14.5.2.11 Pin plates. Pin plates may be sttached to the
ends of a pin-connected member in order to ensure that
the provisions of 14.5.3.7 are met.

Pin plates should be of sutiicient thickness 1o make up the
required hearing or cross-sectional area and should be so
arranged as 1o reduce the eccentricity to a minimum. Their
iength measured from the centre of the pin 1o the end (on
the reaction side) shauld be at least agual to their width
st the pin, and at least ane plate on gach side shouid be
as wide as the dimensions will aliow. Pin plates should be
connected with enough rivets, bolts or welds to transmit
the bearing pressure on them end shoutd be so arranged
as to distribute it uniformly over the full section of the
member (see figure 48).

a3
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Figure 48. Pin plates

14.5.4 Strength of H5FG bolts aciing in friction

NOTE. The recommendations given ‘n 14,5.4 apply enily
to bolts tigntenes in sccordance with the requirements
of BS 4604: Parts 1, 2 ard 3.

14.5.4.) Genersl

14.5.4.1.1 Uttimate limit state. For HSFG bolis in
accordance with BS 4395 : Parts 1 and 2 in‘rormal
clearance holes, as specified in BS 4604, the design
ultimate capacity is the greatsr of:
{2) the friction capacity determined in accordance with
14.5.4.2 and;
{b) the lesser of either the shear capacity determingd in
accordance with 14.5.3.4 or the bearing capacity
determined in accordance with 14.5.3.6.

For HSFG balts in accordance with BS 4395 : Parts 1 and
2 in oversize or slotted holes/and for HSFG bolts in
sccordance with BS 4395 (Part 3, the Alltimate capacity i
the friction capacity determined in accordance

with 14.5.4.2.

14.5.4.1.2 Serviceability limit state. In a connection made
with HSFG bolts in accordance with BS 4385 Parts 1
and 2 in normal ciedrance holes, as specified in BS 4604,
the serviceability limit state is réached when slip occurs
between the parts joined, which should be deemed to
occur when the shear lpad applied te any bolt equals its
friction capacity, determined in accardance with 14.5.4.2,

14.5.8.2 Friction cepacity. The friction capacity P, of a
HSFG bolt should be taken as:

Foply
Tmri3

PD=kh

where

F., is the prestress load, as defined in 14.5.4.3
@ is the slip factar, having a value in accordance

with 14.5.4.4
N is the number of frictian interfaces
&y = 1.0 where the holes in all the plies are of pamal

size, as specified in BS 4604, otherwise &, s as
stated in 14.5.4.5.

94

14.5.4.3 Prestress. The prastress load £, of a HSFG belt
should be taken as:

Fo=E. — F,
where

£, is the initial load, i.e. the proof load given in
BS 4358, except that for bolts in accordance with
Part 2 of that standard it should be .85 » the
proof load

£ is the externally applied tensile load if any.

14.5.4.4 Stip factor. Unless determined by test, the slip
factor u at friction surfaces should be taken as:

(a) p =045 for weathered surfaces clear of all mill
scale and loose rust;

{b} p = 0.50 for surfaces blasted with shot or grit and
with loose sust removed;

{c} u=0.50 for surfaces sprayed with aluminium;

{d} p= 0.40 for surfaces sprayed with zinc;

{e) u=0.35 for surfaces treated with zinc silicate paint;

{f) u=0.26 for surfaces treated with etch primer.

The slip factors given in {a) 1o (f) should be reduced by

10% where higher grade bolts in accordance with

BS 4395 : Pan 2 are used.

If the friction surfaces do not conform to any of the
above, the characteristic value of the slip factor should be
establishad by test in accordance with BS4604 ar
obtzined from othar reliable sources to the satisfaction of
the Enginger,

14.5.4.5 Qver-sized and slotted holes. Where there are
three or more plies, over-sized or slotted holes may be
used in the inner plies in accordance with table 12,
subject ta a reduction of the friction capacity given

in 14.5.4.2 by a factor ky,.

where

ky, = 0.B5 for over-sized and shon slotied holes, or
= 170 for long stotted holes.
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14.5.4.1 General
Add at end:

Friction grips bolts of types, arrangements or
tightening not in accordance with this or any of the
following sub clauses shall be assessed by reference to
14.2and published data relating to the bolt type or by
tests on selected bolts in the structure. Guidance is
given in the accompanying Advice Note.
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Table 12. Over-sized and slotted holes 14.6.2 Butt weids
- Maxirmom sizs of ot 14.6.2.1 /mtermettent butt welds. Intepmitient butt welds
shall not be used.
ofbolt | g of | Short-siptted | Long-sk . . . .
ovar-sized | hoie hole 14.8.2.2 Partial penetration butt welds. Partial penetration
hole butt weids should not be used 10 transmit tensile forces,
mm mm mm mm ngr to transmit 3 bending moment about the longitudinal
16 Fa| 18 % 22 18 % 40 axis of the weid.
20 25 22X 22 x50 Unless determined by procedure trials, the thraat thickness
22 27 24 %28 24 x 55 of a partial penetration butt weld should be taken as:
24 30 26 x 32 28> 60 {a) the depth of weid preparation where this is of the J
27 33 30x35 3070 or U type:
20 38 I 33x40 3380 {0) the depih of the weld preparation minus 3 mm
36 44 j 39x 46 39 x50 where the preparation is of the V or bevel type.
Where determined by procedure trials, the throat thickness
14.5.5 Long connections. Where the distance L should not be taken as mare than the panetration
between centres of end fasteners, measured in the consistently achieved, ignoring weld reinforcement.
direction of the toad transmitted, in splices or end 14.6.2.3 Stength of butt welds. The strength of a full
connections of tensian and compression members (see panatration butt weld should be taken as equal to the
figura 49) is more thaln 154, tha strangth of all the strength of the weaker of the parts joined.
fa:te;\;r;ed:;;m;r;eg ”; T-.ilcnc:'d?r:e ;:::101_4‘5‘3 or14.54 The strength of a partial penetration butt weld, together
shou ue ¥ mlying g with its. reinforcing filler weld, if any, should be calculated
e =1 (.’. — 154 as for a full penetration fillet weid,
5= 1 — 5o
2004 14.6.3 Fillat wealds
but should not be smaller than 0.76; where o is the 14.8.3.3 Intermittent fitlet welds. The ciear unconnected
diameter of the fasteners. gap between the ends of the welds, whether in line or
14.6 Weldod connections staggered. shouid not be maere than 200 mm, and also
14.6.1 General Welds should be detailed in accerdance should,pot be more than:
with the appendices of BS 5135, uniess ctherwise {a) 12 tires the thickness of the thinner part when the
stipulated in this Part. The design strengths given part is in compression;
in 14.6.2.3 and 14.6.2.11 are valid only when the yield fb} 16 times the thickness of the thinner part when the
stress of the weld matal is at least equal 16 that of the part is in tension;
parent metal. Welds made in accordancé with Part 6 may {c) one-quarier of the distance between stiffeners
be deemed to satisfy this provision. when used to connect stiffeners to a plate or other part
subjecied to compressicn or shear.
i
B 1 | H |
Pa— 0 Iii o :'l' l:' I
O O S M T T A e o
HH | I i [ 1 | 1 [ |
b
L 1 L
NOTE. Leng connections are 1hose for which L is greatar than 15d.
Figura 49. Long connections
A/220 v. November 1996

ED



Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Volume 3 Section 4
Part 11 BD 56/96 Annex A

14.6.1 General In the assessment of intermittent butt.welds any
. contribution to strength of the weld at eaeh end of any
Add at end: intermittent length, a length-equalto three times the
In assessment of bridges known to have been weldedhfoat thickness shall be ignored.
accordance with Part 6 or BS5135: 1974 (or 1981),
the strength of the welds shall be determined as gived4.6.2.2 Partial penetration butt welds
by 14.6.2.3and14.6.3.11 In assessment of bridges
not known to have been welded in accordance with Add at end:
Part 6 nor with BS5135: 1984 (or 1981) the strengths

of the welds shall be derived in accordance with (a) td he strength of partial penetration butt welds shall be
(d) as follows. calculated as for filletwelds. For single sided joints

where transverse bending causes tension across the
(a) For butt welds in compression and butt welds in root then the yield stress of the weld met_al.shall_ be
tension or shear demonstrated to comply with BS5138tken as;50% of the weaker of the parts joined in

table 18 quality A, the strengths may be taken as ~ assesSsing the resistance to transverse bending.
defined in14.6.2.3. However, partial penetration butt welds in non-fatigue

prone connections could be assessed by reference to
(b) For butt welds in tension or shear free from surfad&S5950. Eceentric welds need to be specially
cracks but not known to comply with BS5135: table «€onsidered.

18 quality A the strengths shall be taken as 85% of
those derived frorh4.6.2.3. Unless known to have been tested through procedure

trials at the time of construction or demonstrated by
(c) For fillet welds in bridges constructed to BS153:_ tésting, the throat thickness of a partial penetration
Part 1: 1958 or 1972 and free from surface cracks theutt weld shall be taken as 90% of the nominal.
strengths shall be taken as 90% of those derived from
14.6.3.11in the absence of demonstration of their
compliance with BS5135: Table 19 quality A or equal
to those strengths when such compliance has been
demonstrated.

(d) For other fillet welds free from visible surface
cracks the strengths shall be calculated in accordance

with 14.6.3.11 but replacingjw=[1/2 (cry + 455)] by

0.4(400 o, ) in the absence of demonstration of
their compﬁance with BS5135: Table 19 quality A, or

by 0.5(400 ”ymin) when/such compliance has been
demonstrated, Wheaamin IS‘the yield stress of the

weaker of the parts connected by the welds.

Where any of the generalor specific requirements of
this or any of the fellowing sub-clauses are not met,
due allowance shall be made in the assessment of the
strength of welds. Guidance is given in the
accompanying Advice Note.

14.6.2.1 Intermittent butt welds

Delete the existing clause and substitute the
following: 95
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In e line of intermittent welds there should be a weld at
aach end of the part connected.

In built-up members in which plates are connected by
intermittent welds, continuous side filiet welds should be
provided at the ends of each side of the plate for 8 length
at laast equal to threa-quarters of the width of the
narrower plate cancerned (see figure 50).

14.6.3.2 End returns. A fillet weld should be retumed
continucusly around the comer at the end or the side of 2
parL. for a length beyond the cornes of not less than twice
the leg fength of the weld.

14.6.3.3 End connections by side fillets. If the end of a
part is connected by side fillet welds only, both sides of
the part should be welded and, where possible, the length
of weld on each side should be not less than the distance
between the welds & on the two sides (see figure 51(a)).
nar less than four times the thickness of the thinnast parn
connected. Where the distance between the welds
exceeds 16 times the thickness of the thinnest part
connected, intarmadiate plug or slot welds should be
provided to prevent separation.

200mm or 165, or 164, imaximum)

14.6.3.8 £nd connections by transverse welds. The
overlap between the connected parts should not be less
than four times the thickness of the thinnest part and the
parts should be connectad by twa transverse lines of
welds (see figurs 51{b)). Where the distance between the
welds exceeds 16 times the thickness of the thinnest pant
connected, intermediate plug o7 slot welds should be
provided to prevent separation.

14.6.3.5 Welds with packings. Where two parts
connecied by welding are separated by packing having s
thickness less than the leg lergih of weld necessary to
transmit the force/the 1equired leg lBrgth shouid be
increased by the thickness of the packing (see figure
52(a)). The packing should be trimmed fiush with the
edge of the part which is to be welded. Where two parts
connected By welding are separated by packing having a
thicknass qual 10, or gréater.than, the leg iength of weid
necessary 10 ttansmit the torce, each of the paris should
be connected toithe packing by a weld capable of
transmitting the design force {see figure 52(b}).

£\ b

—.1-—-:
i |
i.

[ ¢
A ) i |J :
- —— A ||
I .l 1
{
SN B Y
00mm o7 364 or 164 {maxmyn) f, by
5]
P’ ) — Pi J
-y — B8 :—1
S B
200mm or 124 or 125 or %[maximm] #4 by
iy
] 1
| L
L] y . ‘
P
R -—— |B 1| b
[ S—— —
‘ ry
!
——

Note. ¢ should not be sharter than the least of 0758 or 0.754, ot

0.755.

Figure EDulntermittent fillét walds
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14.6.3.8 Welds in holes and siots. Fillet welds in holes or
slots may be used to transmit shear in lap joints, or 1o
prevent the buckling or separation of lapped parts, or to
join the components of built-up members. For the
purposes of strength calculations the sffactive area of
such welds should be detenmined in accordance

with 14.6.3.10.

14.6.3.7 Longitudinal welds in members subject 1o
banding. ‘The distribution of the longitudinel shear per unit
length of a weld connecting pans of members subjected
to bending {e.g. flange and web ol beams) should be
determined in accordance with linear elastic theory.

14.6.3.8 Effective fength of filiet welds. When applicable.
the effective length of welds should be taken as specified
in B&5135.

BS 5400 /Part3 : 1982

The sffactive length of 8 continuous waid tound the
perimeter of a hole or siot should be 1aken as the length
of the centroidal axis of the throat of the weld.

The effective langth of weids cofnecting webs of deep
beams {including diaphragms) 10 other parts of the
structure, and of the longitudinal welds in the end
connections and splices of axially loaded members, shou'd

be taken as g x L,
where

n =110-{0.055 - 0.04)L, but not more than 1.0

! is the length of the weld in maties or 8 m which
ever is lessar
is the ratic of the maximtm,to the average
igngitudinal shear stress in the weld. ¢ may be taken
as 2 unless determined by 2 linear elastic analysis.,

F
S

: 4 : Side returns Sshoutd
4 3 not be less thon
—-| r __1 T__ twice the leg length
[ -] End returns should ‘_1 ;’f\
not be less than !
- l twice the leg length -
- Py Far) L, = I b
1 = — 1 /R A
N = b I', —_— 4 | A b o —_—
\\\ L, 4 A ‘ "
] ||! _{ 4 ~— 5 l||
Frrd E
- g
—-— =
_J = L -] & should nat
J __.l be less thon the
e ik lesser of 4fy or &b

Ly
{8} Side lillels

NOTE 1. ¢ should be greatar than b when practicable, angd should

not be less than the lesser of 4ty or 413,
NOTE 2. Intermediate plug or slot welds are requised whan bs
greater than the lesser of 167, or 164,

Figure 51. End connections by tillet svelds

§
—
Parking |

thickness #

(#) ¢ less than required leg length

Patking
thitkness

{b} f greatér than or equal 16 the required leg length
Figure 52, Walds with peckings

t2
(b} Transverse fillets

: [ Leg length reguired

by calculatien

TAddiﬁunal leg
tength=*%

Leg tength required
by colculation to

\'_}/ each part
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BS 5400 : Part 3: 1982

14.6.3.9 Effective tvoat of a filfet waid. The throat of a
fillet wald g is the height of a triangie that can be
inscribed within the weld and measured perpendicular to
its outer side (see figure 53).

For this purpose the weld should be taken 1o include any
specified penetration, provided that it is shown by
procedure trials 1o the satisfactian of the Engineer that the
required penstration can be consistently achieved. In a
fillet weld made by the submerged arc process the
penetration p may be assumed, without triats, to be 2mm
or 90.2g whichever is the lesser (see figure 54).

t

[

. V \Z

NOTE 1. g is the effactive throat of the weld.

HOTE 2. ) either 1, Of {5 15 greater than 4 mm, g has 10 be at
toast 3 mm.

Figure 53. Effective throat of fillet weld

—'J's

NOYE. p is the penetration of the weld
g is the throat of the weld.

Figure 54. Penetration of fillet wald

14.8.3.10 £ffective arga of a fillet weld. The efiective prea
of a fillet weld is is/throat dimension multiplied by its
effective length, except that for fillel welds in holes or
slots the effsctive area shall nob be taken as greater than
the area of the/hole or slot.

14.6.3.11 Capecity of a fitfet weld

14.6.3.1.1  weld subjsct to Tongitudinal shear i.e.
shear id thewdirection of itz length (see figure

55(a})

LG

Figure 55{a) Weld subjected to Tongitudinal shear

The stress in a weid, calcuiated as the
Jongitudinal shean’ force per wnit length PL
divided by the effective throat g, shall not
exceed

DH

Y£3 Y 13

Where o $5 the yield stress of the deposited
wald metal and may be taken as

*(Gy + 488)  Nfmm®
a, 1s the smaller nominal yield stress of the two

parts Joined.

14.6.3.11.2  KWeld subject to transverse force f.e.
force at right angles to its length (see figure 55(t})

Throat of
the weld
-]
—_—T
=
P
3 n
Throat of 2Py
the weld
a 8

— 4
Prz , g !”-rz

Figure 55(b) Held subjected to transvarse force
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The strass in a weld, caloulated as the
transversa force per unit length P P

{or PT.?} divided by the effective Ihroat g, shall
not excesd

Ko
™

Tea Yy 13

Where o 1s as defired in 14.6.3.11.1

K depends on the/angle Bobetween the direction of
the 2pplied force and the throat and ds given
by

K= _— but not greater than 1.4
1 + Ecos 8
For equal leg fillets between components at
right angles 8 = 45° and K ="1.225.
14.6.3.11.3. Weld subjact to forces in both
transversé and Tongitudimal directions

Tha following condition should be satisfied:-

1
1 . Pr ¥ 9,
— l PL + —= s —
g K ey T 43
where
PL is the lomgitudinal shear force per unit
Tength of the weld
PT is the resultant of transverse forces per
unit length of the weld {See Fig 5B{c)}
g iz the effective throat of the “weld
3
K= —_— but not greater than
1 + 200578 1.4
B 15 the angle between tha resultant
transverse force and the throat
a, is as defined in 14.6.3.11.7
Throat of
ths weld
3

Figure §5(c). Resultant transverse foroe at weld

14.6.4 Plug waids. Plug welds should not normally be
used for transmitting applied load. Plug welds in circular
or stotted holes may be used to prevent the buckling or
saparation of lapped parts, or to join the components of
built-up members. The entire area of the hale or slot
should be filied with weld metal having a thickness:
{8) equai to the thickness of the holed or slotted part,
where this is 16 mm or less;
(b) in other ceses, not less than any of the following:
{1} 16 mm;
{2) 0.45 times the diameter of the hole or the width
of the slot;
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(3) one-tenth of the length of the slot;
but need not be greater than the thickness of the holed
or slotted part.

The diameter of a hole, or the width of a slot, should not
be less than the thickness of the holed or slotted part plus
Bmm,

The distance between centres of holes, or between the
centrelines of slots, should pot be iass than four times the
diameter of the hole or the width of the slot. The distance
hetween the centres of slots measured in the direction of
their length should not be less than double the length of a
shot.

The ends of a slot should be semi-circular, except where
the slot teminates at the edges of the part when it can be
sguare.

14.6.5 Losd transfer by parts in contact. Where 2
good fit is ensured between a flat surface and an adge of
a section abutting #t, the forces applied to either part
transmitted to the other in direct bearing may be taken as
follows:

(a) the whole of such forces if the surfaces are
machined,

(b)Y 75% of such force if the surfaces are sawn ot flame
cut by machine.

14.7 Hybrid cannections

14.7.1 Allowable combinations. The following
combinations of fasteners and welds in a connection may
be taken as sharing the lpads, transmitied by the
connection, praportionally 1o their respective strength at
the ultimate limit state:

(a} rivets, close tolerance bolts and turned barrelbolts
whan acting in shear or bearing;

(b} welds and HSFG bolts acting in friction, provided
that the uitimate capacity for the bolis is in accordance
with 14,5.4,.2 and that the procedure of making the
joint is such that there is no distontion of the faying
surfaces. Howaver, the ultimate strangth of the
connection should not be taken as greater than 90% of
the combined strengths.

14.7.2 Othar combinations. With all other com-

binations of fastenars and welds in,a connection, one type
of the fasteners or welds should be assumed Ao transmit

BS 5400 : Part 3 : 1982

the loads, unless the deformation capacities of the
different fastenars or welds have been proved 1o the
satisfaction of the Enginear to be compatible and
sufficient 1o shara the |pads.

14.8 Lug angles. Lug angles connecting angie members
and their fastenings to the gusset or other supporting part,
should be designed, in accordance with clauses 10 or 11
as appropriate, to transmit aforce 20% greater than the
farce in the outstand of the angle connecteds The
fastenings connecting the fug angle to the outstand of the
angie member should be designed to transmit a force 40%
greater than the force/inthe outstand of the angle
member.

Lug angles connecting a channgl or similar member,
should be disposed symmetrically aboul the axis of the
member, and, t6gether with their fastenings to the gusset
or other supporting part, should be desigred to transmit &
force 0% greater than the force in the component of the
member not directly connecied. The fastenings connecting
the lug angles to the member should he designed to
transmit a force 20 % gregter than such axcess forca.

In no case should less than two bolis or rivets be used to
auach 2 lug angle 10 2 gusset or other supporting part.
The connection of the lug angle to the gusset or other
supporting parnt should terminate at the end of the member
connected. The connection of the lug angle to the
member should run from the end of the member o a point
beyond the direct connection of the member to the gusset
of other supporting part.

14.9 Other attachments. The dimensions ef any other
attachrments such as brackets, stools and cleats should be
such that:

{a} the maximum equivalent stress does not exceed:

Dy

Tmi13
where

oy is the yield stress of the material of the
attachment;

{b} their deformation under load is compatible with the
distribution of forces assumed in the design of the
connection;

{c) buckling does not occur in any component or in a
free edge.
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Add new Clause 15. L = spans of buckle plate between
. supporting members

15 Outmoded forms of construction " - rise of-buckie plate:

15.1 General
_ Arched (ie concave downward) buckle plates may be
Some outmoded forms of construction cannot be checked as straight éompression mémbers in

directly as_sesseq even by th(_e assessment clauses accordance with 10.6 witlp taken as a\(- 15) when
above. This section gives guidance and methods of . : .
calculating the value cafc with an.appropriate

assessment for certain specific outmoded forms of _ ,
construction. Any outmoded forms not covered within€ff€ctive length'of natless than 0.25L. Suspended (ie

this section shall be assessed by the relevant sectionc@cave upward) buckle platesimay be checked as
the standard where possible. Where necessary tension members under axial load in accordance with
additional studies, special analyses and tests may bet1-2-1 The fixings and the supporting members shall

beneficial to the type and form of outmoded be capable of resisting the horizontal thrust.
construction encountered, to supplement the Concentrated,wheel loads over the plate may be
assessment checks carried out dispersed at 1:1 through'solid filling and at 1

(horizontal)to 2 (vertical) through loose filling.
15.2 Buckle plates Alternatively, the buckle plate may be considered as an
15.2.1 General enqastre flat'plate in Whi(_:h case the effects of
horizontal thrust may be ignored.
Buckle plates consisting of vertically curved steel
plates supporting non-structural filling beneath 15.2/3 Spans of more than 1.2 m.
roadways or footways and spanning between
supporting steel members shall be assessé8.By?
or 15.2.3as appropriate.

When the clear span exceeds 1.2 m. or does otherwise
not comply withl5.2.2 then the strength shall be
assessed assuming that the plate behaves as a flat
member without benefit from arch action unless testing
or other information is made available to demonstrate
the strength under traffic loading.

15.2.2 Spans of 1.2 m. or less

Where the clear span measured between edges of
supporting members is 1.2 m. or less and complies

with the following: 15.3 Joggled stiffeners

(@) rise betweery{, th and ¥z th of the clear 15.3.1 Joggled stiffeners acting as transverse web

stiffeners other than at supports
span, and

(0) plate thickness is apleS QR Joggled or knee type stiffeners may be considered as

transverse web stiffeners. Where an axial force
resulting from application 8.13.3.1(c), (d), (e) and
(f) can be applied to joggled or knee type stiffeners

the strength shall be asséssed assuming arch or
catenary action where the horizontal thrust may be

taken as: other than within the straight portion between joggles,
wlL2 then the additional bending stress introduced by the
g Per UGl shape of the stiffener shall be included within the
joggle height when checking yielding of the stiffener
where under9.13.5.2
w = pressure on surface of plate due
to dead leads and distributed wheel (a) For joggled stiffeners the bending stress may be
load. The wheel pressure calculated assuming that a bending moment is applied
caleulated is resumed to occupy the to each stiffener leg equivalent to its axial load
full'area of the plate, (see the multiplied by an eccentricity equal to one half of the
Advice Note). joggle offset.

The joggle height over which the bending stress can be
included shall be taken as at the level of the joggle and

November 1996 Y. A/231
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(3) one-tenth of the length of the slot;
but need not be greater than the thickness of the holed
or slotted part.

The diameter of a hole, or the width of a slot, should not
be less than the thickness of the holed or slotted part plus
Bmm,

The distance between centres of holes, or between the
centrelines of slots, should pot be iass than four times the
diameter of the hole or the width of the slot. The distance
hetween the centres of slots measured in the direction of
their length should not be less than double the length of a
shot.

The ends of a slot should be semi-circular, except where
the slot teminates at the edges of the part when it can be
sguare.

14.6.5 Losd transfer by parts in contact. Where 2
good fit is ensured between a flat surface and an adge of
a section abutting #t, the forces applied to either part
transmitted to the other in direct bearing may be taken as
follows:

(a) the whole of such forces if the surfaces are
machined,

(b)Y 75% of such force if the surfaces are sawn ot flame
cut by machine.

14.7 Hybrid cannections

14.7.1 Allowable combinations. The following
combinations of fasteners and welds in a connection may
be taken as sharing the lpads, transmitied by the
connection, praportionally 1o their respective strength at
the ultimate limit state:

(a} rivets, close tolerance bolts and turned barrel bolts
whan acting in shear or bearing;

(b} welds and HSFG bolts acting in friction, ptovided
that the uitimate capacity for the bolis is in accordance
with 14,5.4,.2 and that the procedure of making the
joint is such that there is no distontion of the faying
surfaces. Howaver, the ultimate strangth.of the
connection should not be taken as greater than 90% of
the combined strengths.

14.7.2 Othar combinations. With all other com-

binations of fastenars and welds in a connection, one type
of the fasteners or welds should be assumed to transmit

BS 5400 : Part 3 21982

the loads, unless the deformation capacities of the
different fastenars or welds have been proved 1o the
satisfaction of the Enginear to be compatible and
sufficient 1o shara the |pads.

14.8 Lug angles. Lug angles connecting angle members
and their fastenings to the gusset or other supporting part,
should be designed, in accordance with clauses 10 or 11
as appropriate, to transmit a foree 20 % greaier than the
farce in the outstand of the/angle connected. The
fastenings connecting the {ug angle to the outstand of the
angie member should be designed to transmit 2 force 40%
greater than the force in the outstand of the angle
member.

Lug angles connecting a channgl or simitar member,
should be disposed symmetrically aboul the axis of the
member, and, together with their fastenings to the gusset
or other supporting part;should be designed to transmit &
force 0% greater than the force in the component of the
member not directiy connecied. The fastenings connecting
the lug angles to the member should he designed to
transmit a force 20% greéter than such axcess forca.

In no case should less than two bolis or rivets be used to
auach-a lug.angle 10 2 gusset or other supporting part.
The connection of the lug angle to the gusset or other
supporting part should terminate at the end of the member
tonnected. The connection of the lug angle to the
member should run from the end of the member o a point
beyond the direct connection of the member to the gusset
or other supporting part.

14.9 Other attachments. The dimensions ef any other
attachrments such as brackets, stools and cleats should be
such that:

{a} the maximum equivalent stress does not exceed:

Dy

Tmi13
where

oy is the yield stress of the material of the
attachment;

{b} their deformation under load is compatible with the
distribution of forces assumed in the design of the
connection;

{c) buckling does not occur in any component or in a
free edge.

99-2

AI232

v. November 1996

Volume 3 ED




Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Volume 3 Section 4

Part 11 BD 56/96 Annex A
extending to the first fastener either side which Part 3, where Part 9 is not applicable. Due
connects the stiffener to the web. consideration shall be given in allowancéfor load

(b) For knee stiffeners the bending stress may be effects resulting from movement restraint where
freedom of the bearing‘is restricted or impaired.

calculated assuming that a bending moment is applied
to each stiffener leg equivalent to its axial load
multiplied by an eccentricity equal to one half of the
horizontal distance from the centroid of the stiffener t
the point of intersection of its flange with the beam
flange.

16.2 Beams without bearings

?Nhere beams dé'net have discrete bearings and bear
directly on concrete, brickwork, or masonry
substructures with orwithout'a bearing plate or other
distributive dayer then the local distribution of load to
the substructure shall.be assessed taking due account
of any rotation or movement. Patch loading to the web
of the beam.shall be assessed in accordanc®With
where appropriate.

The height over which the bending stress should be
included shall be taken as from the flange in contact
with the stiffener to the first fastener where the
stiffener is connected to the web.

15.3.2 Joggled stiffeners acting as load bearing 16.3 Pressuredistribution under bearing areas

support stiffeners
PP Where the end of a beam bears directly on a

| Bbstructure without bearings a linear pressure
istribution may be assumed varying from a maximum
at the inner face of the contact area down to zero at the
farface or free end of the girder. The assumed length
lﬂif the contact area shall not exceed the length of girder
In‘contact, or the depth of the beam if less. For
distribution transversely or in other directions as
appropriate, a dispersal angle of 2 horizontal to 1
vertical shall be assumed through any flange angles,
flange plate(s) and bearing plate (s) present onto the
surface of concrete, brickwork, masonry or other
material of the substructure. The effective span of the
as specific criteria for the assessment of joggled beam shall be assumed to extend from the centroid of

stiffeners is concerned. The criteria for assessment otiﬂe Zzn@actﬁrea determined. See further guidance in
such stiffeners shall use the relevant'sub-clauses of the Advice Note.

9.130r 9.14as appropriate to derive effective sections16 4 Maxi der beari
and loading and assess the strength.In addition, -+ Vlaximum pressures under bearing areas

consideration of limitations on shape shallbe For concrete substructures the compressive stress in
addressed in accordance wiB, Further guidance on the contact area shall not exceed those given by B.S.
the typical form of joggled stiffeners,is giveninthe 5400 Part 4. Where inspection shows no evidence of

Gusseted joggled, or gusseted knee stiffeners maya
be considered as load bearing support stiffeners,
Joggled or knee type stiffeners as considered are
potentially unsuitable, but where they occur thén
additional bending stress may be introduced due to't
shape of the stiffener and shall be assessed-when
applying9.14.4.1 The additional bending stress may.
be calculated in accordance with.3.1.

15.3.3 Assessment of joggled stiffeners

9.13and9.14have only been addressed above as far

Advice Note. local spalling, cracking or similar distress beneath
bearing areas then the limiting strength in compression
Add new Clausg, 16. for unreinforced concrete may be increased by a

maximum of 50%.

16 Bearings and bearing areas
For masonry bedstones, stresses shall not exceed

16.1 Genéral 0.4f wheref{ is the characteristic compressive
strength of the masonry. This value may be increased

Bearings shall'be assessed to B.S. 5400 Part 9 wheig 0.6 f where inspection shows no evidence of local

appropriate. Steel bearings of types outside the scopgpa|ling, cracking or other distress. Bearing loads shall
of B.S. 5400 Part 9 shall be assessed US|ng B.S. 54 assumed to disperse at an angle of 1: 1 down to

99 2supporting coursed masonry or brickwork.
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(3) one-tenth of the length of the slot;
but need not be greater than the thickness of the holed
or slotted part.

The diameter of a hole, or the width of a slot, should not
be less than the thickness of the holed or slotted part plus
Bmm,

The distance between centres of holes, or between the
centrelines of slots, should pot be iass than four times the
diameter of the hole or the width of the slot. The distance
hetween the centres of slots measured in the direction of
their length should not be less than double the length of a
shot.

The ends of a slot should be semi-circular, except where
the slot teminates at the edges of the part when it can be
sguare.

14.6.5 Losd transfer by parts in contact. Where 2
good fit is ensured between a flat surface and an adge of
a section abutting #t, the forces applied to either part
transmitted to the other in direct bearing may be taken as
follows:

(a) the whole of such forces if the surfaces are
machined,

(b)Y 75% of such force if the surfaces are sawn ot flame
cut by machine.

14.7 Hybrid cannections

14.7.1 Allowable combinations. The following
combinations of fasteners and welds in a connection may
be taken as sharing the lpads, transmitied by the
connection, praportionally 1o their respective strength at
the ultimate limit state:

(a} rivets, close tolerance bolts and turned barrel bolts
whan acting in shear or bearing;

(b} welds and HSFG bolts acting in friction, ptovided
that the uitimate capacity for the bolis is in accordance
with 14,5.4,.2 and that the procedure of making the
joint is such that there is no distontion of the faying
surfaces. Howaver, the ultimate strangth.of the
connection should not be taken as greater than 90% of
the combined strengths.

14.7.2 Othar combinations. With all other com-

binations of fastenars and welds in a connection, one type
of the fasteners or welds should be assumed to transmit

BS 5400 : Part 3 21982

the loads, unless the deformation capacities of the
different fastenars or welds have been proved 1o the
satisfaction of the Enginear to be compatible and
sufficient 1o shara the |pads.

14.8 Lug angles. Lug angles connecting angle members
and their fastenings to the gusset or other supporting part,
should be designed, in accordance with clauses 10 or 11
as appropriate, to transmit a foree 20 % greaier than the
farce in the outstand of the/angle connected. The
fastenings connecting the {ug angle to the outstand of the
angie member should be designed to transmit 2 force 40%
greater than the force in the outstand of the angle
member.

Lug angles connecting a channgl or simitar member,
should be disposed symmetrically aboul the axis of the
member, and, together with their fastenings to the gusset
or other supporting part;should be designed to transmit &
force 0% greater than the force in the component of the
member not directiy connecied. The fastenings connecting
the lug angles to the member should he designed to
transmit a force 20% greéter than such axcess forca.

In no case should less than two bolis or rivets be used to
auach-a lug.angle 10 2 gusset or other supporting part.
The connection of the lug angle to the gusset or other
supporting part should terminate at the end of the member
tonnected. The connection of the lug angle to the
member should run from the end of the member o a point
beyond the direct connection of the member to the gusset
or other supporting part.

14.9 Other attachments. The dimensions ef any other
attachrments such as brackets, stools and cleats should be
such that:

{a} the maximum equivalent stress does not exceed:

Dy

Tmi13
where

oy is the yield stress of the material of the
attachment;

{b} their deformation under load is compatible with the
distribution of forces assumed in the design of the
connection;

{c) buckling does not occur in any component or in a
free edge.
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extending to the first fastener either side which Part 3, where Part 9 is not applicable. Due
connects the stiffener to the web. consideration shall be given in allowancéfor load

(b) For knee stiffeners the bending stress may be effects resulting from movement restraint where
freedom of the bearing‘is restricted or impaired.

calculated assuming that a bending moment is applied
to each stiffener leg equivalent to its axial load
multiplied by an eccentricity equal to one half of the
horizontal distance from the centroid of the stiffener t
the point of intersection of its flange with the beam
flange.

16.2 Beams without bearings

?Nhere beams dé'net have discrete bearings and bear
directly on concrete, brickwork, or masonry
substructures with orwithout'a bearing plate or other
distributive dayer then the local distribution of load to
the substructure shall.be assessed taking due account
of any rotation or movement. Patch loading to the web
of the beam.shall be assessed in accordanc®With
where appropriate.

The height over which the bending stress should be
included shall be taken as from the flange in contact
with the stiffener to the first fastener where the
stiffener is connected to the web.

15.3.2 Joggled stiffeners acting as load bearing 16.3 Pressuredistribution under bearing areas

support stiffeners
PP Where the end of a beam bears directly on a

| Bbstructure without bearings a linear pressure
istribution may be assumed varying from a maximum
at the inner face of the contact area down to zero at the
farface or free end of the girder. The assumed length
lﬂif the contact area shall not exceed the length of girder
In‘contact, or the depth of the beam if less. For
distribution transversely or in other directions as
appropriate, a dispersal angle of 2 horizontal to 1
vertical shall be assumed through any flange angles,
flange plate(s) and bearing plate (s) present onto the
surface of concrete, brickwork, masonry or other
material of the substructure. The effective span of the
as specific criteria for the assessment of joggled beam shall be assumed to extend from the centroid of

stiffeners is concerned. The criteria for assessment otiﬂe Zzn@actﬁrea determined. See further guidance in
such stiffeners shall use the relevant'sub-clauses of the Advice Note.

9.130r 9.14as appropriate to derive effective sections16 4 Maxi der beari
and loading and assess the strength.In addition, -+ Vlaximum pressures under bearing areas

consideration of limitations on shape shallbe For concrete substructures the compressive stress in
addressed in accordance wiB, Further guidance on the contact area shall not exceed those given by B.S.
the typical form of joggled stiffeners,is giveninthe 5400 Part 4. Where inspection shows no evidence of

Gusseted joggled, or gusseted knee stiffeners maya
be considered as load bearing support stiffeners,
Joggled or knee type stiffeners as considered are
potentially unsuitable, but where they occur thén
additional bending stress may be introduced due to't
shape of the stiffener and shall be assessed-when
applying9.14.4.1 The additional bending stress may.
be calculated in accordance with.3.1.

15.3.3 Assessment of joggled stiffeners

9.13and9.14have only been addressed above as far

Advice Note. local spalling, cracking or similar distress beneath
bearing areas then the limiting strength in compression
Add new Clausg, 16. for unreinforced concrete may be increased by a

maximum of 50%.

16 Bearings and bearing areas
For masonry bedstones, stresses shall not exceed

16.1 Genéral 0.4f wheref{ is the characteristic compressive
strength of the masonry. This value may be increased

Bearings shall'be assessed to B.S. 5400 Part 9 wheig 0.6 f where inspection shows no evidence of local

appropriate. Steel bearings of types outside the scopgpa|ling, cracking or other distress. Bearing loads shall
of B.S. 5400 Part 9 shall be assessed US|ng B.S. 54 assumed to disperse at an angle of 1: 1 down to

99 2supporting coursed masonry or brickwork.
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Appendix A
Evaluation of effective breadth ratios

A.1 General. The methods given in this appendix may be
used o determine the effective breadth ratios for
conditions not specifically covered by 8.2 or where a
special study is wamanted. Examples are where point
loads of significant magnitude act on a bridge deck, either
in isolation or in combination with other loads, and whare
there are single spans with cantilevered projections
continugus over the supporis.

The notation used in this appendix is the same as that
used in 8.2 except that L may be taken as the distance
betwesn adjacent points at which the bending moment is
rerg.

A.2 Equivalent simply supported spans. In structures
other than simply supporied beams, the effactive breadth
ratio iy may be obtained by treating each portion of a
continuous beam between adjacent points of rerc
moment as an equivalent simply supported span, and by
using table 4 or table 13, as appropriate.

The positions of the points of zero moment shouid be
thosse corresponding to the particular leading under
consideration. I the special case of a portion of a span
between a fixed end and an adjacent point of zero
momaent, the equivalent span should be obtained by
considering a fictitious symmetrical span extending
beyond the fixed end with tha loading and reactions
applied syrmetricatly about the fixed end.

A.3 Point loads at mid-span. Far point loads and other
concentrated Joads at mid-span, or at the free end of 2
cantilever, the effective breadth ratios  may be obtained
from tables 13, 14, 15 or 16. These 1ables should enly be
used for point loads and reactions of significant
magnitude and should not be used for standard highway
wheel or axle loads.

A.4 Point loads not at mid-span. For point loads on a
simply supported beam at positions other than mid-span,

the effective breadth ratic ¢ under the pgint.of application
of the load may be determined from.

W=033 {20, + ¥ _xy)

where
138 is the wvalue of  from table 13 dor 3 point
load at mid-span with L = 25
¥ _xy is1he value of y from table 13 fora point

load at mid-span with L = 2{f - x)
x is the shornter distance from the end of the
span to the point of application of the load.

In the special case of @ simply supported beam with
bil < 01, the effective breadth ratio ¥, under a point load
anywhere in the sp#n, may be taken as the effective
breadth ratio  frem table 13 for a point load at mid-span.

The effective breadth ratio at all pointsinthe span ar
squivalen: simply supported span, at/a distance of more
than L /4 from the point load, may be assumed 1o be the
value of ¢ given in table 13 at quarter-span, Within a
distance L/4 of the point load, the effective breadth ratic
may be assumed 10 vary linearly between the value at the
load and the value at £ /4 from the point load.

Whera the distance betweefiithe point load and the
support is kess than £ /4, the eHective breadth ratio
thraughout that distance may be taken 2s the value under
the load point.

A.B Combination of Ioads. Under combinations of
distributed and/or poini loads the values of y may be

derived from:
™
LI
v (g Ve
where

Ay .. M, are the bending moments at the cress section
considerad dug to each component of load
Z M isthe total bending moment at the same section
due ta load companents 1 to
Wy ... ¢, are the effective breadth ratios for the same
section appropihiate to each foad component,
using tables 4 to 7 for distributed loads and tables
13 1o 16 for concentrated loads.
NOTE. In calculating the value of ¢ due account should be
takan of the algebraic sign of 1he banding moments. -
A.B Transverse distribution of stress. The longitu-
dinal stress ay 8t any point in the flange at a distance x
from the centreline of the web may be calculated from:

012 Gmax [ + k(1 — y4}]

whare
_(b—x
SO )
k = 0,25 (&) - 1) for portions between web

centrelines, or
4]

= 0.25 [5{1 - 0,15 - ) - 1] for portions
L

projecting beyand an cuter web

Tmaa 18 the maximurn stress in the flange due to
lengitudinal bending of the section, calculated by
elastic analysis using the sffective flange breadth
determined in accordance with 8.2

¢, b and L are as defined in 8,2,

x is as given in figure 56.

NOTE. If 1he calculated value of a, is negative it should be

taksn a5 zero.
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Figure 56. Distribution of longitudinal stress in the
flange of a beam
Table 13. Effective breadth ratio vy for simply/Supported
beams for point load at mid-span
b Mid-span Quarter-span Suppart
L a=10 | =1 a=0 a=1 a=10 I a=1
0.00 100 | 100 1.00 1.00 1,00, 1.00
0.0% 0.80 0.75 1.00 1.00 1.00 . 1.00
010 D.67 0.58 1.00 0.99 1.00 j 1.00
0.20 0.49 0.40 0.98 0.84 1.ao0 L Q.83
0.30 0.38 0.30 0.80 0.61 .87 0.69
0.40 0.30 0.23 0.63 0.44 070 0
0.50 0.24 047 0.48 0.32 0.54 [ 037
0.75 016 | 010 0.25 019 0.31 I p.22
1.00 012 | 008 p.19 0.14 0.20 | 0.15
Table 14. Effective breadth ratio 4y for interior spans of
continuous beams for point load at mid-span
b Mid-span Quartar-span Sup;;;t-wu- T
! =0 -1 a=0 a— 1 a1 w1
0.00 1.00 1.00 1.00 1.00 1.00 1.00
0.05 0.67 0.59 1.00 1.00 0.67 0.59
0.10 0.43 0.40 1.00 0.93 0.43 0.44
0.20 0.30 0.23 0.70 0.51 0.30 0.23
0.30 0.19 0.14 0.42 0.29 0.1¢ 0.14
0.40 0.14 0.10 .28 0.20 0.11 0.0
a.50 a2 Q.08 0.20 0.15 0.12 0.08
0.76 0.09 0.06 0.08 0.07 0.09 0.06
1.00 0.08 0.04 0.02 0.0 1 0.08 0.04
101
A/236 y. November 1996

Volume 3 home page [

ED



Volume 3 Section 4
Part 11 BD 56/96

Annex A

N~
(e0]
N
~~
<
[m)]
w
m “ |
()
[@)]
®
o
= h o
3 S
o]
(ep]
R - m
m o =
© — o
o >
R
e
T

7

966T-AON :paysiiand ‘96/95 ad ‘520z-1dv-9Z UO 3n"09'sAemyBiyiojsprepuels Mmm//:SAny Wolj papeojumod

November 1996



Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Annex A

Volume 3 Section 4
Part 11 BD 56/96

BS 5400 : Part 3: 1982

Table 15, Effective breadth ratio y for propped cantilever

beams for point load at mid-span

Foued -and &n;rtﬂn;‘;p-n Mid-span

b and*

L a={ a=1 a=0 a=1 a=D0D a=1
0.00 1.00 1.00 1.00 1.00 1.00 1.00
.05 0.68 0.61 1.00 1.00 0.69 0.62
610 0.51 0.42 1.00 0.98 0.53 0.44
0.20 0.33 0.25 0.37 0.58 0.34 0.27
0.30 0.21 0.15 0.48 0.32 0.23 0.18
0.40 0.15 0.1 0.32 0.23 0.19 0.14
0.50 012 0.08 0.23 0.7 0.15 010
0.75 0.0 0.06 0.1 D.08% 0.10 .07
100 0.08 0.05 0.05 0.04 0.07 0.05

* May aisz be used tor propped end,

Table 16, Effective breadth ratio y for cantilever beams for

point load at freg-end

b Fxed-snd Mid-span Freo-end

L a=0 a=1 a=0 a=1 a=10 a=1
0.00 1.00 1.00 1.00 1.00 1.00 1.00
0.05 0.89 088 1.00 1.00 1.00 1.00
0.10 0.80 0.75 1.00 1.00 1.00 1.00
0.20 0.67 0.59 1.00 0.99 1.00 1.00
0.30 0.56 047 1.00 0.94 1.00 1.00
0.40 0.48 0.40 0.98 0.84 1.00 0.93
0.50 0.43 0.35 0.88 0.71 0.97 0.81
0.75 0.32 0.25 .66 0.47 0.74 0.55
1.00 0.24 0.7 0.48 0.33 0.54 0.37
Appandix B

Distortion and warping stresses in box girders

B.1 Ganeral. When a highway bridgsis subject to five

loading. as specified in Pant 2, and comptises one or mare

single-cell box girders, the simplified proceduta given
in B.2 to B.& may be used 10 calculate transverse and
longitudinal stresses due to restraint of warging. This
procedure may alsa be vsed fof multi-cell box girders,
provided that interior webs are ignored for this purpose.

B.2 Restraint of torsional warping. When &n
inctement of torque T is applied at e section of @ box
girder {other than at a free end) the resulting maximum
iongitudinal stress at this section due to restraint of
torsicnal warping ongy may be calculated as follows.

(8) Stresses st the junction between the bottom Hlange

snd web. At the junction between the botiom fiange

and 8 web, at'the section where an increment of torque

T is applied:
or
TTWEB(= "
whare

£ is the depth of the box st its centreline,

measifad between centres of flange plates, or, in

gomposile construction, between the aflective
centroid of the cempaosite top flange and the
centré of the bottom flange plate

102

J  is the torsional constant 44,2/X(B/1)
A, Is the area enclosed by the median line of the
perimeter matarial of the section
E and 1 are the width and thickness, respectively, of
each wall of the section forming the closed
perimerer.
NOTE. In the case of 8 wall made from maierial other than
steel, r should be taken as the actual thickness muttiplied by
the ratio of the shear modulus of the maternial usad 10 the
shear modulus of steel. Where the shear modulus vanes with
tha load history, the long term walue shoulg be used.
(b} Stresses af the junction hetwsen the top flange and
web. At the junction between the top flange and a wsb,
Bt the section where an increment of torque 7 is applied:

DT

cvor = (B8 2T
™I =B, J(1 23.;)3
By

+
T
where

B. s the width of flange projection beyond the
centre of the web

Bg. 81 are the widths of tha bottam and top flanges,
respactively, measured between centres of webs

D and .} are as defined in (a).

NOTE. When there are twa of more box girders in a single
Siructure, o 1wy may be taken as zero,
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B.2 Restraint of torsional warping
In the definition for J, delete "B" and replace by "W".

In the definition for B, delete "B" and replace by "W".

s
Q
N
S
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(c) Distribution of stresses. At a distance x from the
section where an increment of torgue is applied:

TTwx = OTWeE™ [2x/Bg)

The distribution across the section of the longitudinal
stress due 10 restraint of torsional warping may be
assumed to be as shown in figure 57.
B.3 Aestraint of distortional warping
B.3.1 General. When torque is spplied 1o 8 box girder
other than at a cross frame or @ diaphragm, the sesulting
Ionpitudinal stress due to restraint of distortional warping
o nw May be calculated in accordance with B.3.2.
provided that the cross frames or diaphragms are in
accordance with B.3.4,

B.31.2 Corner stresses. The distortional warping stress
cpw May be calcutated as follows.

(a) At & junction between a flange and & web, under a
uniformly distributed applied torgue Ty per unit length

of span:
TypPlo?

= — hen 1.

opw 2581, w Blp< 1B
Tuo¥lp?

-6 Y20 whenflpz 1.6
Tpw (BLoY2B1T, en Bip 2
where

¥  is the distance fram the horizontat neutral axis to
the flange/web junction

I, is the second momem of srea of the girder,
inclusive of its effective flanges, about the
horizontal neutral axis

Ly is the spacing of cross frames or diaphragms in
accordance with B,3.4

&1 is as defined in B.2(b})

44,025

sio - ()

_ 24D41Rp

= 5.3

D1 is the transverse flexural rigidity (£1) of the top
fiange, including transverse stiffeners if any, per
unit ength of span

Rp may be obtained from figure E8(a) fora
rectangular Lox, and from figures 58(b) to (d)

K

a =
TWT mow ( B

7
b
Positive L—B—B——l
COMPressive » ‘J

TTws max ]

BS 5400 : Part 3: 1982

for a trapezoidal box with webs inclined at 30°
from the vertical. Values of B for trapezoida!
boxes in which the webs are inclined at less
than 30" from the vertical may be obtaines by
linear interpolation

{n figure 58,
d
¢ = s
Dvyp is the transverse flexurabrigidity {£) of the

botton Hange, inciuding transverse stiffeners, if
any, per unit lengthyof span
d is the clear depth of web measured in the plane
of the web, or, if corner stiffening is provided,
the distance between centres of connections of
such stiffening to the web
Dy is the transverse flexural ngidity (£1} of the
weh, including its transverse stiffeners, if any,
per unit length of span.
(b) Al 3 junction between a flange and 2 web, due 10 a2
concentrated applied torque T where an axie or knife-
edge load is applied mid-way between diaphragms:
Tylp
Spw = B

when fip £ 1.0

Tvlp
o = ———m———
OV T (Blo) BT
{c) Under HA loading. the effacts of the uniformly
distributed and the knife-edge 'oad should be separately
calculated as described in (2) and (b}, and the sum of

the resuiting stresses taken.
{d) Under a series of concentrated torques due o axle

loads:

when gip > 1.0

Lapw = cow1 (s
where
Gpwa 18 the value of opy abtained under {b) above
for a unit axle Jead
Cpy = Pnlcos fx—sin pye—F=
P, is the load on an axle at distance x from the
mid-point between diaphragms

Kxd\ 025
= EJ,)

K is as defined in (a).

28 ) _,..,..-r-r-rr‘;L‘H:B'/

S
D

Frut max

Orwe mox

Figura 57. Longitudinal stresses due 10 restraint of torsional warping

103

A/240

v. November 1996

Volume 3 h page [ ED



Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Volume 3 Section 4

Part 11 BD 56/96 Annex A
B.3.2 Corner stresses
Add the following at the end of the definition foBR

"or from

" D

0 3 2 [0 % 0,5 6o
Dyc By UBr + BgU [Br + Bgl Br UDyc By

where \ is as defined i88.42" ?

November 1996 Y. Al241
o



Volume 3 Section 4

Annex A Part 11 BD 56/96

BS 5400 : Part 3: 1982

Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Dy d
Dy
T Dy-rd 1/
DY('Bl 3 1
1 aE N ST
—— " SEREE pos ":LO::J-——H_‘_.—F--_
1| 5 | T L7 L LA
10 e = 10 ! =
t 110 e -
uss S & xxi = 50
e 1 —— s
REI et 50 = "] 100
BRSS! Rnr ‘__...--—"""'"_——
0 et r ! 01ES
.|q = 5100
P 500
1000
SO0 e
ool —#_ 10004 0.0 %00 '
T 2500
' li | goal | ol |
0.001 ! : ) | L L -
0005 0.01 01 Dys 10 000s. 001 01 Do ;
{a) Rectangular box D tb) 30 trmpezoida! box, ¢1 = 0.3 Oy
ME=- =y ==
4 Dy B+ _qyifisl-‘i — iF
| ol H I ,
i i 1 _a——"‘:f III
' i 5
i 1 ) v | ]
10 b= Ml { 100 Heb
' TS : T =
o = A ﬁ: o
—— & 10 m— i ot
Ry 5 /,/ { Ry 5g :
_,/‘]/ | | 1
10 L 50 1 .
BEii— — 103:?_ i ]
e SN ; L -+
| - . H i L
I i ¢ : I T Sl EREE
0.‘1:!] Pl ei- 500 L 10 . - -e-|—1000 !
| H 13- T l : —: ‘I _'-I ‘:l:l
=i Hzsw0 :
il JIE | : : uE
il SRR PR NEEI I
T R I ' R ¢ | i
v IR N il
{005 00 01 i 10 0p0s D01 01 .&E 10
Der Dyr

(c) 307 impezoidal box, ¢y = 05 (d) 30" urapezoidal box, ¢ = QB

NOTE. For basisiof curves see G.17.

Figure 58. Distortionsal waeTping stress parameters
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§.3.3 Distribution of distortional warping strass
Strass due to restraint of distortional warping should be
assumed ta be distributed over the cross section as shown
in figure 59.
in figure 69, 8, is the width of the flange projecticn
beyond the web, or. where there are twD Or noré boxes in
one structute, half the clear width of flange between
boxes.
B.3.4 Effective disphragm
B.2.4.1 Genersl To be effective for the purposes of this
clause, a cross frame or a diaphragm should be such as to
salisty the conditions given in B.3.4.2 and B.3.4.3, where
the load effects mentioned should be considered as acting
in combination with all ather simultaneously acting
loading efiects.
B.3.4.2 Strength
(a) A plate diaphragm should be capable of resisting a
shear stress 1. due 1o the applied torque 7, given by.

r
Ty ™ ——————"
L D(BT + BB):d
whare
t is the thickness of the diaphragm plate
B1, Bg, D are as defined in B.2.

tb) A cross frame consisting of a pair of cross braces
connecting both pairs of opposite comers of the box, in
which bath braces are considered to be simultaneously
effective, should be capable of carrying a force Fp in
each brace, given by:

T f‘i +(———‘E'.T+'BE‘)2

Fp = y BZD
1 4+ 1
2( + Bg)BT
where

7 is as defined in (a)

B+. Bg and D are as defined in B.2.
{¢) A V-braced cross frame with the V centred in the
top or bottom flange. in which both braces are
considered to be simultaneossly affective. should be

BS 5400 : Part 3 11982

capable of cerrying a force Fg in each firace, as given
in (b}.
B.1.4.3 Stiffness. Where the effect/of distortional warping

is 1o be considered, a cross frame of a diaphragm should
have a dimensionless stiffness § not less than the value

pbtained from tabie 17.

where
25 2
5 = Glalp?oo®K g plated diaphragm, or
2A,Lp
2
= E‘ﬁt-’-—x for a cross braced cross frame, or
Lolo
2
= M for a vee braced crass frame, or
4iolp
s =10 for.a ring cross trame

By + Bg \
tp = \/02 + (—7—2——5) is the length of the diagonal

Ly, is the length of the brace

Ap is the surface ares of the plated
disphragm = D(Ey + B glf2

A, is the area of cross section of the brace

2 81
R(‘*E;)
BT+BB)2
1 ) S -2
J*( 20

Lp and K are as defined in B.3.2
81, Bpand Dare as defined in B.2,

dy =

Table 17. Diaphragm stifiness 5 (see B.3.4.3)

Single torgue UnHormly distributed torque
[:185] For opyy For opp For opwy | For opg
3.4 - 1 - 1
2.0 - 5 - 20
1.0 10 50 100 500
0.8 50 100 200 1000
0.5 500 1000 200 10000
0.2 2000 10000 200 20000

28,
Cores (1+—B1 ) LT

T owT max

Towe mar

Figura 59. Longitudinal stresses due to distortional warping
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B.3.4.2 Strength

Delete the whole clause and substitute the following:

“(a) A plate diaphragm should be capable
resisting a shear stregsgiven by:

T
2BDty

Tp =

where

is the thickness of the
diaphragm plate

B is as defined i9.17.2.7 ie
the average of the widths

the top and bottom flanges

is as defined iB.2.

is the torque due to loads
applied to the deck at or.
adjacent to a diaphragm

against which the diaphragm

provides distortional
restraint. Any such torque
due to loads applied

effective, should be capable of “carrying a forgen-
each brace, as given by:
. TL By
of B~ 2BD By
where
T, B and D are as defined in (a)

Lb is as defined ii8.3.4.3"

BB and Br are as defined iB.2.
3.4.3 Stiffness

Delete thewhole clause and substitute the following:
at

"Where the effect of distortional warping is to be
eonsidered, a cross frame or a diaphragm should have
dimensionless stiffness S not less than the value tained
from table 1.7:

where
_ Gy 285K

2AyLp

for plated diaphragm,

or

between diaphragms should

be apportioned to adjacent

diaphragms by elastic
analysis.

_ EABEK

plp

for a cross braced cross frame

or

(b) A cross frame consisting of a pair of cross

braces connecting both pairs of opposite

corners of the box, in which both braces are S

considered to be simultaneously effective,
should be capable of carrying a forggik
each brace, given by:

T, By
4BD By

I:B
where

T, B and D are as defined in (a)

BB and Br are as defined iB.2

LID isas defined iB.3.4.3

(e)A.V-braced cross frame with the V cen
in‘the top or bottom flange, in which both
braces are considered to be simultaneous

_EA 585K

3 for a vee braced cross frame
4LD Ly

irrespective of whether the centre
of the V is at the top or bottom
flange, alternatively

tred

ly
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§.3.3 Distribution of distortional warping strass
Strass due to restraint of distortional warping should be
assumed ta be distributed over the cross section as shown
in figure 59.
in figure 69, 8, is the width of the flange projecticn
beyond the web, or. where there are twD Or noré boxes in
one structute, half the clear width of flange between
boxes.
B.3.4 Effective disphragm
B.2.4.1 Genersl To be effective for the purposes of this
clause, a cross frame or a diaphragm should be such as to
satisfy the conditions given in B.3.4.2 and B.3.4.3, where
the load effects mentioned should be considered as acting
in combination with all ather simultaneously acting
loading efiects.
B.3.4.2 Strength
(a) A plate diaphragm should be capable of resisting a
shear stress 1. due 1o the applied torque 7, given by.

r
Ty - —————— -
b D(BT + BB):d
where
t4 is the thickness of the diaphragm plate
B1, Bg, D are as defined in B.2.

tb) A cross frame consisting of a pair of cross braces
connecting both pairs of opposite comers of the box, in
which bath braces are considered to be simultaneously
effective, should be capable of carrying a force Fp in
each brace, given by:

Fp = BZD
1 4+ 1
2( + Bg)BT
where

7 is as defined in (a)

B+. Bg and D are as defined in B.2.
{¢) A V-braced cross frame with the V centred in the
top or bottom flange. in which both braces are
considered to be simultaneously effective. should be

BS 5400 : Part 3.; 1982

capable of cerrying a force Fg in each brace, as given
in (b}.

B.1.4.3 Stiffness. Where the effect of distertional warping
is 1o be considered, a cross frame Or a diaphragm shiould
have a dimensionless stiffness § not less than the value
pbtained from tabie 17.

where
25 2
5 = Glalp?oo®K 4o fp plated diaphzagm, or
2A,Lp
2
5 = E‘ﬁt-’-—x for a cross braced cross frame, or
Lolo
2
= M for a vee braced cross frame, or
alolp
s =10 for a ring cross trame

By + BgV?
tp = \/02 + (—7—2——5) is the length of the diagonal

Ly, is the length of the brace

Ay is the surface ares of the plated
disphragm = D(81 + 8 Bif2

Af is the area of cross section of the brace

2 81
R(‘*E;)
BT+BB)2
1 =P
J*( 20

Lp and X are as defined in B.3.2
81 #p and D are as defined in B.2,

dy =

Table 17. Diaphragm stifiness 5 (see B.3.4.3)

Single torgue UnHormly distributed torque
[:185] For opyy For opp For opwy | For opg
30 - 1 - 1
2.0 - 5 - 20
1.0 10 50 100 500
0.8 50 100 200 1000
0.5 500 1000 200 10000
0.2 2000 10000 200 20000

28,

T owT max

gD'n'Tnau (1* B,[

Figura 59 Longitudinal stresses due to distortional warping
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S= Kr for an unbraced ring cross frame with
Lo constant-section framing members
35K
= for any type of cross frame
pbp including a ring cross frame
Ap is the change in length of the diagonal L
calculated to occur under the system of
diagonal forces Pas shown in the figure
below. This method of deriving stiffness
may be used for any type of frame including
those given above.
Lp =V (D?*+ B isth Lyand K are as defined B13.2
diagonal
Kg is the value of K
Dy+.Dyg and_ %_as
A, = of the the flexural rigidities of
plated dia the effective framing
members attached to
. the top and bottom
A, section of brace flanges and webs
respectively and d equal
5. = to the distance between
b = flexibility the centroids of the
effective sections of the
top and bottom framing
B )/2 is the average width of the members
B; B, and D are as defined B12.”
105-2
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§.3.3 Distribution of distortional warping strass
Strass due to restraint of distortional warping should be
assumed ta be distributed over the cross section as shown
in figure 59.
in figure 69, 8, is the width of the flange projecticn
beyond the web, or. where there are twD Or noré boxes in
one structute, half the clear width of flange between
boxes.
B.3.4 Effective disphragm
B.2.4.1 Genersl To be effective for the purposes of this
clause, a cross frame or a diaphragm should be such as to
satisfy the conditions given in B.3.4.2 and B.3.4.3, where
the load effects mentioned should be considered as acting
in combination with all ather simultaneously acting
loading efiects.
B.3.4.2 Strength
(a) A plate diaphragm should be capable of resisting a
shear stress 1. due 1o the applied torque 7, given by.

r
Ty - —————— -
b D(BT + BB):d
where
t4 is the thickness of the diaphragm plate
B1, Bg, D are as defined in B.2.

tb) A cross frame consisting of a pair of cross braces
connecting both pairs of opposite comers of the box, in
which bath braces are considered to be simultaneously
effective, should be capable of carrying a force Fp in
each brace, given by:

Fp = BZD
1 4+ 1
2( + Bg)BT
where

7 is as defined in (a)

B+. Bg and D are as defined in B.2.
{¢) A V-braced cross frame with the V centred in the
top or bottom flange. in which both braces are
considered to be simultaneously effective. should be

BS 5400 : Part 3.; 1982

capable of cerrying a force Fg in each brace, as given
in (b}.

B.1.4.3 Stiffness. Where the effect of distertional warping
is 1o be considered, a cross frame Or a diaphragm shiould
have a dimensionless stiffness § not less than the value
pbtained from tabie 17.

where
25 2
5 = Glalp?oo®K 4o fp plated diaphzagm, or
2A,Lp
2
5 = E‘ﬁt-’-—x for a cross braced cross frame, or
Lolo
2
= M for a vee braced cross frame, or
alolp
s =10 for a ring cross trame

By + BgV?
tp = \/02 + (—7—2——5) is the length of the diagonal

Ly, is the length of the brace

Ay is the surface ares of the plated
disphragm = D(81 + 8 Bif2

Af is the area of cross section of the brace

2 81
R(‘*E;)
BT+BB)2
1 =P
J*( 20

Lp and X are as defined in B.3.2
81 #p and D are as defined in B.2,

dy =

Table 17. Diaphragm stifiness 5 (see B.3.4.3)

Single torgue UnHormly distributed torque
[:185] For opyy For opp For opwy | For opg
30 - 1 - 1
2.0 - 5 - 20
1.0 10 50 100 500
0.8 50 100 200 1000
0.5 500 1000 200 10000
0.2 2000 10000 200 20000

28,

T owT max

gD'n'Tnau (1* B,[

Figura 59 Longitudinal stresses due to distortional warping
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Table 17 Diaphragm stiffness S

Delete the existing table and substitute the following table:

Single torque
distributed
BLp Forog,, Forog, Forop,
2.65 0 0
2.0 0 20
1.6 0 70
1.0 10 500
0.8 50 1 000
0.5 500 10 000
0.3 2 000 20 0000
Note: For intermediate values Bt j values of S m ogarithmic interpolation.
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B.4 Transvarse distortional bending stresses

B.4.1 General. When loads are applied 10 a box girder
other than at a cross frame or a diaphragm, the resutting
wransverse bending stresses in the walls of a box should
be calculated on the basis af linear elastic theory. The
simplified procedure given in B.4.2 may be used provided
that the cross frames or diaphragms are in accordance
with B.3.4.
B.4.2 Corner stresses, The transverse bending stress
cpg M3y be calculated as follows:
(a} At a junction between a transverse stiffener on a
weh and a transverse stiffener or cross beam an a
flange, undet & uniformly distributed torque TupL

T F
UL D when fip > 265

08 = —p 7
TupLFp (BLo V7
e | he L b5
08 = 557 \3p) Whenblo<?
where

z is the alastic section medulus, per unit of span
length, of the flange or web inclusive of
transvarse stiffeners or cross beams

is the maximum distortional bending stress in

¢pe
the part 10 which Z refers
Fp =1 _fe Vp | at #
= = atat an
D T3 \Br+8g op fange
junction, or

¥ . ,
= Bp —20- at a bottom flange junction

fLp is s defined in B.3.2
Vp 15 to be obtained from figure 60,

&1, Dya, Dye. Dyr. B and By are as defined in
B.3.2.

{(b) At & junction between a transverse stiffener on a

web and a transverse stiffener or cross beam on a

flange, due to a concentrated torque T where an axle or

knife-edge Ipad is applied mid-way between

diaphragms:

TFp
2B1Lp2
R L4

LB = 35561LpZ

where all symbols afe as defined in {a}.

(c) Under HA loading, the effects of the uniformly
distributed and the knife-edge load should be separately
calculated as described in (2) and (b}. and the sum of
the resulting stresses used:

(d} Under B series of concentrated torgues due 1o axle

loads:
Zops=opm L(Fal
where

énga is the value of opg obiained from {t) for a unit
axle load

Pge = P (cos fix + sin fx)e—Fx

P, and fix are as defined in B.3.2 (d).
B.4.3 Distribution of distortional bending siress
Transverse distortionsl bending moments should be
assumed 10 be distributed over the cross section, as
shown in figure B1, and the resulting stresses caiculated
using the appropriate value of Z at each section.

opB Blp when BLp>2.

(BL p) 2 when flp <2,
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B.4.2 Corner stresses

Add the following at the end of the definition fopV

"or from

—
Ln
N
<
a
m
NS
O
o
@ &
4 :
+ 5
HHL =
000 Yoo ° 2
m
| Bl S |E
S| +
+ | &ld
O +
o|dy ooto
o di&l
Eir-e &8
N
+
p=c=n
+
o g
i S
I —
3 £
Q
3
Z
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Figute 60. Distortional bending strass parameters
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N\

D;;'Aiﬂ q Hop = 0ppZp

Figura 61. Transverse distortional moments
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Appendix C
Slenderness limitations for open stiffeners

As an altemative 1o the provisions of 9.3.4.1 the limiting
proportions of open stifferers may be determined as
follows:

{a) For a!! open stiffeners:

d E
{1) =% should not exceed 1.7 [{———
Iy Fys + Oa

2
{2) addiionally, if m [F, + Fy (%) ] is less than

5

2.25 d
-«—E—dﬁ. then T‘ should not exceed:
5

4F3°\rs 04

2. d, 2
{—zz—?—ﬁ - m [F1 + Fg (}-‘s) :I} (30'“\ + G‘a)
H

108

(b} In addition, for angle and tze stiffeners:

Peo foys 410
1
o\ 355 should not excee:

where

1
m= s [(z12 + 4025 — #23) 0% — 1) BUL ot less

l' 2
than —’)

&
b,

Ige

LY (AN
27 A, \b] dy2r,2

o bt (J,) e

? Ay “ps dsz"'vsz

is the cross-seclional area of stiffener

is the polar moment of inertia of stffener about its

point of attachment with the plate

istthe radius of gyration of the stiffenar about its

centroidal axis nommal 1o the plate

Ji s the B1. Venant torsion constant of the stiffaner

Fq, Fp. F5 are coefficients given in figure B2 for the
ratios fg /1, and bo/d,

oand. 1. By, 85, Beg. 1o, & and d, are as defined in
9.2 4 and shown an figure 1

oys 15 as defined in 9.3.1.

n =
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Appendix D
Pstch loading on webs: buckling
considerations

D.1 Beams without longitudinal stiffenars on web
or flange. If the dimensions of the flange plate shown in
figure 1 are such that
:_,;1‘2 wo+ 2f “!E*_'
to B[ ny

then the limiting value of patch load P on each web in its
plane is given by:

By1,2
P= [-‘J—iﬂ + Kt,opw (27 + w)]
i Fm713
If the dimensions of the flange plate do not satisfy the

above criterion, then:

p = KelwOyw'w
FmTr3
where

1 is the tlange plate thickneass
t, s the web plate thickness
w is the width of the paich load (see 9.5.6 and
figure 6)
2 *+

= frzif#ﬂ—, but not more than:

A :fwovw
{a) (@ — w)/2 for symmetrically placed patch
lpading between transverse stiffeners; or
{b) the larger of the two unicaded lengths
between the patch load and an adjaceni
transverse stiffenear, for unsymmetrically placed
patch loading

B; is the width af the flange plate

K. is the coefficient for web strength for transverse
compression, to be obtained from curves'1 or 2 of
figure 22(a) corresponding to slenderness

Py
X% ¢h
4 355.t e curve for

restrained panels may be used for interior panals
of transversely stiffened webs, otherwiss the curve
for unrestrained panels should be used

i b
parameter given by ;. = —£
tw

wd

b =18 f——

3 X
d is the depth of the web in its plane

Ko = 34+22d(o4+w
R N Tajl, 2
8 is the spacing between transverse stiffeners 1o be
taken as/infinity for girders without intermediate
transverse stiffenars

Oyt a1 (a' ’
v vl Byt
2
. i
o Seal- (o
Gyw

Gyi. Tyw are the nominal yield stresses of material of
flange and weh, respectively

oy is 1he longitudinal stress in the flange due to
bending mament and/or axia! force on beam. For
a compact section the bending stress may be
calculated on the basis of its plastic modulus.

0.2 Beams with longitudinal stiffeners on web or
flange. The buckling criteria of 2.11.4 should be satisfied
for all web panels within the dispersal zone using the
tollowing parameters:
() o3 should be taken as 1he transverse stress on the
edyges nearest to the petch load, obtained 85 shown.in
figure 20,
(b) X should be obtained from curvas i or 2 of figure
22{a) for the plate sienderness parameter 4, given by
b yw

e 355

where

Wz.b
=19 |22
be Ko,

b isithe depth of the panel in its plane

Ky = (3.4+2.2 9) (0.4 + ﬁ)
3 2z

wy s the length of the edge nearest the patch load
within the dispersal zone but not greater than &,
see figute 20

4, . 9 are as defined in oA,

Appendix E

Transversa moments in compression flanges:
t)-frame restraints

The maximum value M, of the moment in 1he plane of the
flange required in 9.12.2,3(b) or 9.12.3.2(c) to be
applied to the compression flange of the beam may be
taken as foilows:

SE1.8
M, = _ BElAdy |y,

Lt (1 - °'°,)
Tci

I. and a4 are as defined in 8.6.5 or 9.6.6, as
appropriate

e is as defined in 8.12.2.3(2) 0r 9.12.3.2(b}, as
appropriate

?, is the effective length of the beam, derived in
9.8.5 or 9.6.6, as appropriate

g¢c  is the maximum compressive stress in the flange

where

a.i’ is taken as follows:
{a} if 2 is less than three times the spacing of
U-frames, then a.; = o;. 8s defined in 9.1.2.2;
{b) i f, is more than four times the spacing of
U-frames, or if {, has been calculated in
accordance with 9.8.6.2, then o, = 1260, or
{c) for intermadiate values of &, o;” is obtained
by linsar interpolation

Lt is as defined in 9.6.3.

For unifarmty distributed loading. HA ioading and RL
loading, placed over the whole span, the maximum
moment M, derived ahove should be assumed 1o act
anywhere within a horizenial distance f, from each
bearing suppon of the beam.

Eisewhere the bending moment may be assumed to be
M2

For alt other loading cases it should be assumed that M,
acis anywhere within the span.
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Patch loading on webs: buckling consideration
Delete the contents of the existing appendix and
substitute as follows:
D.1 Beams without longitudinal stiffeners on web.
The limiting value of patch load P on each web in its
plane should be taken as the lesser of
(a) web buckling criterion
5
0 Dos O Fe00 oo £
0.8 B,y 0" O+ SWiwp g 4- B ] o 1
040 B dOy0 g2 BowB 0 ey
(b) web yielding criterion
5
O 20
[l
O Oz L
t oo B ty] +OouwtyW - H
(oo B )+ ot @gl Hoyw%g YmVa
where
t. isthe flange plate thickness
t, istheweb plate thickness
w is the width of the patch load (s85&.6
and figure 6) but to be taken not greater
than 0.2d
B; is the width of the flange plate
d isthe depth of the web in its plane
Oy andoyW are the neminal yield stresses of the
material of flange and web, respectively
o; isthe longitudinal stress in‘the flange due to
bending moment and/or axial force on the
beam. For/a compact section the bending
stress may be calculated.on the basis of its
plastic modulus
Y, Istakenas 105 for the ultimate
limit State.
D.2 Beams with longitudinal stiffeners on web. K =1.28-0.7 (b/d) but not less than
o o 1.0 or greater than 1.21
The limiting value of patch load P on each web in its b isthe clear distance between the

plane should be taken as the lesser of the limiting values
given/inD:1(a) multiplied by a factor K db.1(b)

where
110-1

flange and the longitudinal web
stiffener nearest to the flange,
which complies witl®.11.5.
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Appendix D
Pstch loading on webs: buckling
considerations

D.1 Beams without longitudinal stiffenars on web
or flange. If the dimensions of the flange plate shown in
figure 1 are such that.
:_,;1‘2 wo+ 2f “!E*_'
to B[ ny

then the limiting value of patch load £ on each web in its
plane is given by:

B2
F= [-‘—Liﬂ + Kt,opw (27 + w)]
i Fm713
If the dimensions of the flange plate do not satisfy the
above criterion, then:

p o Kelwoyu'w
Fm¥rz
where

1 is the tlange plate thickness
t, is the web plate thickness
w is the width of the paich load (see 9.5.6 and
figure B)
z ¢

= frzif#ﬂ—, but not more than:

Y :fwovw
{a) (a — w)/2 for symmetrically placed paich
lpading between transverse stiffeners; or
{b) the larger of the two uniocaded lengths
between the patch load and an adjaceni
transverse stiffenar, for unsymmetrically placed
patch loading

B; is the width of the flange plate

K. s the coefficient for web strength for transverse
compression, to be obtained from curves 1.or 2 of
figure 22(a) corresponding to slenderness

P
ol LTS
\ 355.t e curve for

restrained panels may be used for interior panais
of transversely stiffened webs, otherwiss the curve
for unrestrainad panels should be used

i b
parameter given by 4 = —£
tw

o
b =13 [
w

d is the depth of the web in its plane
o w
X ={34+22- (O.4+—
" ( a) ! 23)

8 is the spacing between transverse stiffeners 1o be
taken as(infinity far girders without intermediate
transverse stitfeners

. | 2
Oyt = Oy 1 - U—T
¥
2
B 4
i ol (o)
yw

Gyi. Tyw are the nominal yield stresses of material of
flange and web ) respectivety

gy is 1he lofigitudinal stress in the flange due ta
bending mament and/or axial force on beam. For
a compact section the bending stress may be
calculated on the basis of its plastic modulus.

0.2 Beams with longitudinal stiffeners on weab or
flange. The buckling criteria of 2,114 should be satisfied
for all web panels within the dispersal zone using the
tollowing parameters:
() o3 should be taken as 1 fransverse stress on the
edyges nearest to the petch [oad, obtained as shawn.in
figure 20,
(b) X should be obtained from curvas 1 or 2 of figure
22{a) for the plate siend&mmess parameter 4, given by
b yw

e 355

where

Wz.b
=19 [—/—
be '

b isthe depth of the panel in its plane

& wa
= . 2z — ¥ <
Ko (34+22‘) (0 +2a)

wy s the length of the edge nearest the patch load
within the dispersal zone but not greater than &,
see figure 20

8, Iy, 0,y are 25 defined in D.1.

Appendix E

Transversa moments in compression flanges:
t)-frame restraints

The maximum value M, of the moment in 1he plane of the
flange required in 9.12.2,3(b) or 9.12.3.2(c) to be
applied to the compression flange of the beam may be
taken as foilows:

SE1.8
M, = _ BElAdy |y,

Lt (1 - °'°,)
Tci

I. and a4 are as defined in 8.6.5 or 9.6.6, as
appropriate

e is as defined in 8.12.2.3(2) 0r 9.12.3.2(b}, as
appropriate

?, is the effective length of the beam, derived in
9.8.5 or 9.6.6, as appropriate

g¢c  is the maximum compressive stress in the flange

where

a.i’ is taken as follows:
{a} if 2 is less than three times the spacing of
U-frames, then a. = o, as defined in 8.1.2.2;
{b) i f, is more than four times the spacing of
U-frames, or if {, has been calculated in
accordance with 9.8.6.2, then o, = 1260, or
{c) for intermadiate values of &, o;” is obtained
by linsar interpolation

Lt is as defined in 9.6.3.

For unifarmty distributed loading. HA ioading and RL
loading, placed over the whole span, the maximurn
moment M, derived ahove should be assumed 1o act
anywhere within a horizenial distance f, from each
bearing suppon of the beam.

Eisewhere the bending moment may be assumed to be
M2

For alt other loading cases it should be assumed that M,
acis anywhere within the span.

110-2
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Appendix E Transverse moments in compression
flanges: U-frame restraints

In the definition foro, item (a), replaced.1.2.2
with "9.12.2.2

November 1996
Volume 3 home page

ED

A/261



Downloaded from https://www.standardsforhighways.co.uk on 26-Apr-2025, BD 56/96, published: Nov-1996

Annex A

Volume 3 Section 4
Part 11 BD 56/96

The moment M, thus obtained should be combined with
pther effects giving M, " for checking compliance with the
foliowing:
{(2) for flanges in beams without longitudinal stiffeners
{see 8.9):

where

Af and Mp are the applied moment and the moment
capacity, respectively, for bending parallel to
the wab of the main beam

Mp," is the transverse moment capacity of the
compression flange with i 7 taken as zero.

(b) for flanges in longitudinally stiffened beams

(see 8.10):
ot 9% 1
Tic Tice Fm713
where
[} is the longitudinal stress in that pan of the
flange piate under consideration due to the
applied bending moment in the plane of the
web, based on the plastic section modulus
when the design is for a compact section (sge
9.3.7
or i the limiting compressive stress derived in
eccordance with 9.8
op IS the fongitudinal stress in that part of the
flange plate under cansideration when Ay s
applied to the compression fiange alone
areq 18 the limiting compressive stress for the
compression flange calcutated wilk 2y ¢ taken
85 Tero.
Appendix F

Buckling cosfficients for transverse members
in compression flanges

For cases not in accordance with the jimitatigns given in
(). (b) or (c) of 9.15,3.2, values of the buckling
coefficiant X may be detemminad from:

[m + %ﬂftaaz-”:uz + *235185322]

2«1, |
[812 + ? 7': LR {39—2] azz

K=24

where
f
8y w3k S lgi+t

bec
k = 2'if there are cantilever brackets on both sides

of the segment, or
= 1if on one side only

fe is the Tongitudinal force per unit width in the
cantilever portion of the flange

Qf
2 = 16[2%] igh+ B[n + k) ~f—°]133 + 3ip

BS 5400 ¢ Part 3.: 1982

H is the longitudinal force per unit width in the
portion of the flange between main beam webs

; B:
AB 2
B and B, are as shown on figure 28
EgAg
0 =1+ —-———
BcfltAlc
3fgle ]Efcffc
=1+ ——|—%=—
¢ [ B Eiclic | Eike

£, is Youngé modulus for the portions of flange
hetweer main beam webs

Ej. is Young's modulus for the cantilever portion of
the flange

Eg is Young's moduius for the edge member

A;. s the area of the flange wnder consideration per
unit width of the cantilever portians of the flange

Ap s the area of the Cross ssCtion of the edge
member

foe i5 the average second moment of area of the
portion of t1ansverse member between centreline
ofmain beamn webs

Joc is the average second moment of area of the

cantilaver portions of transverse member
fg /s the second moment of erea of the edge member
about its centroidal axis
1;/ is the second moment of area of the flange under
consideration per unit width of the portions of
flange between main beam webs
is the second moment of area of the flange under
consideration per unit width of cantilever portions
of the flange.
For a compression flange with closed longitudinal
stiffeners: 14 in this appendix and in 9.15.3, may be
increased by multiplying by a factor.
G[J [32
Ei82

and Iy, in this appendix may be increased by multiplying
by a facter:

Giedec (’2)
1403 —|5%
Eiche \Bc?

e

Y-+

a2 is as defined in $.15.3.2

Jy  is the torsional constant of jongitudinat stifteners
per unit width of the flange betwseen main beam
webs

Ji is the torsional constant of longitudinal stiffeners
per unit width of the cantilever overhang

G and Gy ate the shear mpdulus of the longitudinal
stiffeners between main beam webs and in
cantilever overhang raspectively.

111
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Appendix G
Equations used for production of curves in

figures

G.1 Ganaral. As an shernative to obtaining values from
the graphs given in the figures of the main document, the
following equations may be used for calculation of the
required values; these equations should only be used
within the bounds of the figures themselves.

G.2 Figurs 2. Limiting slenderness for fiat
stiffenors

1 1, 5212p3
¢ 10p2 5
p=10, when g >31.0

+ D.B25r, when g < 31.0

where
h, Ty
£ =1 388
& fa,
_b joy
v 355
)
r = 0.00474 - 0—?—3
P
bl‘ Tys
355

ay 8nd oy, are as defined in 9.3.
hg. 1y, b and 1 are as defined in 8.3.4.1.2

G.2 Figure 3. Limiting slendernass for angle

stiffeners

hs H 62 + 36

by 355

when

f, |o

B [¥E

355 < >

whare

rr“ is as defined in 9.3.7
fg, t;, b and ¢, are as defined in 9.3.4.1.4

G.4 Figure 4. Limiting slenderness for 1ee stiffenars
(@) Figure 4{a) reiated to & fby

d, 0y Oy
= Fys T s £ R Y ]
385 = 87~ \j 355 w“”“ 355 <
d. o
-t ¥ _oF 4
355 4 (7w _ 10
355

t; fo
hen 12 < - (2=
when < 355 < 25

oy Oys { o
i) =7 22 [_¥E - 95
1 355 M, \/385 7

(b) figure 4{b) relsted to bjt
d 0 [+ b F oE
Ty
5= 74 ( ,) (32 355)

hnb < 32, dd—£4
whe \r‘sss M

g.'_ i"—‘—-—?wheng i‘r‘_;gz

where

g, and o, are a5 defined in 8.3.1
d. ty, b, ti. b andizare as defined in 9.3.4.1.5.

G.5 Figure 5. Coefficient X, for plate panals under
direct compression

{a) Curve 1 (restrained)
K.=1 when 1 < 24

4,050
(%)
i
81\ B4
e
075
K.o=[—
- ()

36 1,0.90
k- (3)

when 24 < ;i £ 43

when 43 < 2 £ 58

when B9 « 4 £ 80

when 90 < 2 €130

K,=038 - iﬁlﬁ when 130 < /. < 200
. =0.33 —éb— when 200 < ; < 300

{b) Curve 2 (unrestrained)
K. =1 when i € 24

24075
- )

IS

26085
k= (%)

s

A
K. =0274 — —— when 130 <4 < 300
¢ 7000 <

when 24 < 4 < 47

when 47 < i £ 130

+

{¢) Curve 3 {restrained end unrestrained)
K.=1when i € 433

oo ()3}
T

when 4.33 < 1 < 300

where

n = 0.0156(;— 4.33)
7 is as defined in 9.4.2.4 and on figure 5.
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G.E Figure 7. Influence on effective length of
compression flange restraint

{a) Figure 7{a} Effect of rotational end restrsint

ki =05+ 05

T ? 0425('*“1)
0

El.

A

wheEre

L is the span of the beam or truss, or the length
between the ends of a compression member
effectively held in position

k. is as defined in figure 7 (a}

1. is as defined in 9.6.5,10.4.1 or 12.5.1, as
approprisie,

(b} Figure 7{b) Effect of bending restraint

1 AR
Y S TAR
ka i k42
whara

k4, is 8s derived in (8] above

1, is the value of £, obtained from 9.6.5, %.6.6 or
12.5.1 with kz = 1.0

L is as defined in {a) above

G.7 Figure 10. Basic limiting stress oy

AT, 0,5[{1 Y 5:’;—30}-

Tye
/ §700)2 22800
- \fi'{‘l +(1+n ?} - T]when B> 45
fu_ 1 when § < 45
Tye
where

7 = 0.005(f — 45}

= Zye
£ J-L'r\f355

ALt end o, are as defined in 9.8.1.

G.8B Figures 11 to 17. Limiting shear strength 1,. The

follawing itarative procedure i§ required.

£y

{2) Calculate:

ﬁ = 'I,'__'T4_" when &2 1
{ 538 4
N !
b
= when ¢ < 1
[
! + &
[

{b) Calculate:

T
4
Ty

when . < 24.55

It _ 154 —0.0228 when 24.55 < f < 3362

Ty

504

when 33.62 < £
£

BS 5400 'Part 3:1982

(c) Assume a value of & such that

033cot-1¢ < 6 £ 133cort— "¢ and aiso < E
(d} Calculate:
-
o f[s + (2255?20 — 3) (T—°) J L 1.5 gin2p
'(Y \ T.’ T‘.

{e) Calzulate:

T T [+ Q .
Moo f [ e 4 5.264J mp,, —£ 8308 + —t (cotl —b)sin’g]
T

t‘v ty y ly t
$7 9
when me $ —— —= sin’B
oA 1
¥
443
fj&:f —-«&4-—0-351&31-19,[
ty L4 ly ly '
&7 g
A - - -osd
wenmf"">4<r3( =0
¥
where
fr=A when /. < 56
145
f= — oo —————— when 56 < i < 156
115+ 0.002(7. — 56) ‘
1.15
f= when 156 = 2
1.35

A dwa, tw. Ty and Mg, are as defined in 9.9.2.2.

(f) Repeat (c) 1o {e} with different values of & until the
maximum value {1, /1,} ;s is obtained,

whete

111y t5 Bqual 10 the lesser of (1, /T )msy BND 1.0

G.9 Figure 18. Parameters for the design of
longitudinal flange stiffanars

ke = 0.5[{1 +(1+7) 5}2_0} -
5?00}2 B 22300]

1
ky = —— when 2 =0
1+1n

ky = 04 ki {n +1.7546 x 10— 4 i2}
where

k' = ky with g =o'
n = D00B3{l—15) when i > 15

H=0when 1< 15
r and A are as defined in 9.10.2.3.

G.10 Figura 21. Minimum value of my,, for outer
panel restraint

03
;i —B6 — 12—8
My = 0.0 675 (ti"s ‘—T
134 — 2

whera

113 @, 4 and my,, are as defined in 9.11.4.2.2.
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G.11 Figure 22. Buckling cosfficiants Ky, K, Ky
and Kb

(8) Figure 22¢s) K| and K. The equations 1o be used
are as given for X in G.5(a) to (¢}, but where 115 as
defined in 8.11.4.3.2 and 911435 and in

figure 22(a).

(b) Figure 22(b) K,
{1} Restrained panels:
for g < 0.5 Kg=1 when 1 = 80

04015
Kg= (%—) when 80 < 7 < 300
b
for =1.0. Kg=1 when i < 48
011
Ku=(t~—3) when 48 « 3 < 300

for ¢ > 2.0: Ko=1 when 1 < 40

A010.15
Kg= (T) when 40 < ;i ¥ 200

NOTE. For intermediate values of #. Xq may bs abtsined by
linaar intarpolation berween two wdjacent velues of ¢. For
this purpose vaiues may ba obtained beyond K, = 1.0 from
the pquation given in 9.11.4.3.3.

{2) Unrestrained panels:

for d < 0.5:
Kg=1 when <80
5 — B0\0.743
Kg=1-0.385 (Tz?) when 80 < 1 £ 224
: — RO 0505
Ko=1-~ O.EGO(%Q) when 224 < J < 300
&
forg =1.0:
Ka=1 when & < 48
458505
Kq = (_8) when 48, < 300
A
forg = 2.0:
Ky=1 when i < 40
1 < apy0743
Kq=1-~0385 (“ 60"'0) whendo < 4 < 112
_ 0505
Ko=1- 0.660(%}?) when 112 < 1 < 200
— 08
K, = 034 p.o7 (2 102000) when 200 < J £ 300
for ¢ = 3.0¢
Kg=1 when i £ 38
4 -~ 3840823
Kg=1— 0.555(——82—) when 3B < 4 £ 125
- 0725
Kg= 0445 — 0.205()‘ 8:)20) when 125 < i < 221
- 0.44
Ky = 024 — 0.0?5(’1 102000) when 221 < 1 g 300

NOTE. For interpolation ses the nots in {1h

14
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where G.14 Figure 29, Buckling coefficient & for
— transvarse membars
b (Oyw ) )
t,, 1/ 355 {a) Figure 29(3). Cantilevers un one side only
3
ool 24[(3:;2+1)+z;2[ b +1soé43J
b K o me— a .
2.& 185,
Gyw and ty, are as defined in 9.11.4.3.2 L(Bbz + 132 + = - - 1687 + 3 J
a and b are as defined in figure 22. &E
(¢) Figure 22(c) K (b) Figure 29(h). Cantifevérs on poth sr'des
b
{1} Restrained panels: 24 [(Gb? S 262 (1_6& b 2442 4 3 )]
&
K, =13-000181 when 1 < 300 K= Ty S
&42 4 132 (.___ 452 _z
{2} Unrestrained panels: ’7( P17 3\ Ny 3) |
Kp—=13-0.00271 when i < 300 where
where s Tbe
b fryw 1
Tty o355 B
w 'y _He
b i

dyw and 1, are as defined in 9.11.4.3.2.

fhe. Mo, B and & defined in 9.15.3.2.
G.12. Figure 23. Paramaters for the design of web bei s 5 and Bgare as defined in 9.15.3.2

stiffeners NOTE. The equations gived m {a) and {(b) are only valia provided

that the/ grovisions of 9.15.3.2 {a), (b} and {c} are satslied. For
?00 other ¢ases, the eguations given in appendix F should be used.
=051+ (1 + ’F) —

Tyg
sea———_ [5.18 Figure 38. Coefficient X, for plate panels
_ ,’I,::-] 1 +n 5700} 2.218?00 f under direct compression
N !
; {a) Curve 1. bofted or riveted edyes
T
ks =04~ (1 +1.7646 x 10-1.42) K, =1 when 4 £ 30
¥5
305078
whete Ke- 7] ) when 30 < 1= 90
ne=0.0083(1— 15) when 1>15 s
/365000
=0 when 1 < 15 K=", ] when 90 « 2 < 130
115 as defired in 9.11.5.2, 9.13.3.3, 9.13:6.3, ' N
9.17.6.3.4, 917.6.7 ond 9.17.7.3.2 g5 appropriates, K. =038 — 2000 whan 130 < 1= 200
and in figure 23.
G.13 Figure 24. Coefficient ¢ ; for tarsianal K. =033 - A when 200 < 2 < 300
restraint at supparts 4000
Ie (BY Curve 2 rofled sections or welded construction
a7 = 0.006 when £ B0
fy K. -1 when 4 = 24
03 £ 4% 075
- 2. wheh 50 < = = 100 <A
o T @iy when < K. ( 7 when 24 < 1= 47
30 £, ;265 0B
— — 2 Awhen 100 = -% = 300 = (= ; o ko=
w7 TRE g ry K, 2 ) when 47 < & = 130
where ' 1
to und 7, Are as defined in 8.12.4.1 and in figure 74 Ke= 0274 oy When 130 = A4 = 300

where

A is as defined in figure 36.

118
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.16 Figure 37. Ultimate compressive stress gg {c) Figuras 58(c) and 60{c). 30°

3 gy = 0.5
"o gl {1 et TR
Ty i FERD o Ap — e
i 5700)2 22800 0333
= %‘I — {1 1 m 12]) w .17_
where
n=0when 4 2 15 Vp — - ,
=afd— 15} when 3> 16 34 10_5(.9...

o = 00025 for curve A
— 0.0045 for curve B br=08
— .0062 for curve C

Ap =
= 0.0083 for curve D
t, [a,
T r /355
fo.rand ¢, are as defined n 10.6.1.1. y
o=

MOTE. Guidanee an the appropnate use of carves A B CorD s
given i nole 1 Lo figure 37

G.17 Figure 58. Distortional warping stress
parameters. Figure 60, Distortienal bending strass
parametars

(a) Figwas 58(a) and 60(a}. Rectangular hox

Ry - R Dyp and Dy are as defined in B.3.2.
[ Dyrd ) ¢ Dyrd
05} - v TE 41 .
[._D,.CHT * ,] o [3 ( [eeBr) 62. Coefficients far torsional buckling
3 29 o S
v = \DyeBr s 12 04+ K K5 112K, K,
[ P . T r -
s a D i ;
2 12{—TL --Z(DU' 12[ Ky K73 )
WDy B! Dy A1 K KR 12K K, )

3 14 K13K2 A
(b} Figures 58(b) and 607b). 3C° 154 )

\ Ky KB 12K Ky,

iy — 03
wherg
Rf) ) i 'FSO
0 412[ 2( o=
k3
b
Ky = —
s
v
7 243 t.. len. B and d are as detined in 3.3.4 and shown
) in figure 1.
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Add new Appendix H

Appendix H

Derivation of nominal yield stress for assessment
H.1 General

t
The following methods may be used to derive values %p

a

derived from these may be used to derive the nominal
yield stress as follows, provided that the:materials were
specified to one of the above Standards.

(a) If mill test certificates are available which can be
identified as applying to.the cast number and product

e of the component being assessedbut not necessarily
particular batch fromwhich the component was

the nominal yield stress, , for use in the assessment rg|led, or the result§ef.tests in accordance with BS 4360
of existing bridges. Although written in terms of yield on samples taken from compoenents of the same profile

stress some methods may also be used to assess
ultimate tensile stress.

H.2 Yield stress based on specifications

In the assessment of existing bridges the nominal yield
stress for steels specified to comply with BS EN 10
025 or BS 4360 shall be taken as the values defined in
6.2 For steels to BS 15, BS 548, BS 968 or BS 2762
and thickness up to 63mm the nominal yield stress may.
be taken as the minimum value specified in the releyvant
Standard for material appropriate to the thickness/of
16mm irrespective of the actual thickness of the
component. The issue of the Standard referredto
should be that current at the date of fabrication. When
the material quality specified is not known and.no.test
information is obtained the steel may be assumed to be
a mild steel grade with specified minimum yield stress
in BS 15 or BS 4360 appropriate to the date of
construction provided that the steel can be identified,
by means of trade marks or names as being made by a
British supplier.

H.3 Yield stress based on tests of the material in the
component to be assessed

If a tensile test in accordance with'BS 4360 is
undertaken on a sample taken from a particular
component to be assessed at the location within its
cross section defined in BS 4360.the nominal yield
stress of that component may be taken as the measured
value.

H.4 Yield stress/based on mill test certificates or
tests on samples

H.4.1 Yield/stress based on mill test certificates or
tests on samples takenfrom existing structures
composed of BS.EN 10025, BS 4360, BS 15, BS
548, BS.968 or BS 2762 steel

T —

and the same structure as the part to be assessed are
obtained, the'neminalyield stress of that component
may be taken as the greatest of:

the value derived fromd.2
above

(ii) Oy = Gym@ - 0.128@?4-1%

where oym

(i)

where g

isthe mean of the yield
stresses on the relevant
certificates or obtained from
the tests;

is the number of relevant
certificates or test results.

Oym — 1.2k &

0.93+ 17 Hs0H
S drag T

is as defined in H.4.1(a)
above
is the standard deviation

from oym of the relevant test
results

is a statistical coefficient
values of which are given in
Table H.4A for various
numbers, n, of relevant test
results

If a mill test certificate is available which can be

identified as applying to the particular batch of material
from one cast or a 40 tonne part of cast from which
component being assessed was rolled, or the result a test
on a sample taken from the component is obtained the
nominal yield stress may be taken as:

When in assessment mill test certificates for the o = o . -10 N/mn?

material used are available or tests are undertaken on y n

the materials for representative parts the yield stresses
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whereoyt, is the yield stress given on the

certificate or obtained from the test

in N/mm?

Table H.4A: Values of statistical coefficient k

n 2* 3* 4* 5 6 7 8 9 10 11

Kk 25 7.66 5.14 4.20 3.71 3.40 3.19 3.03 2.91 2.&'!2
n 12 13 14 15 16 17 18 19 20 21

k 2.74 2.67 2.61 2.57 2.52 2.49 2.45 2.42 2.40 2.87
n 22 23 24 25 26 27 28 29 30

Kk 2.35 2.33 231 2.29 2.28 2.26 2.24 2.23 2.22

n 35 40 45 50 60 70 80 90 10000

Kk 2.17 2.13 2.09 2.07 2.02 1.99 1.96 1.94 1.93 1.65

NOTE: * The use of less than five test results is not recommended.

H.4.2 Yield stress in existing structures composed of
other or unidentified steels:

When the steel material is not known to comply:with

BS EN 10 025, BS 4360, BS 15, BS 548, BS'968 or
BS 2723, tests should be undertaken on samples taken
from the components or similar components in the same
structure to determine the yield stressand the nominal
yield stress should be derived in aecordance iidhl

(@) (iii) above.

H.5 Worst credible yield'stress

When none of the méthodshh2 to H.4.can be applied,
the nominal yield stress may be taken as the worst
credible yield stress, being the value judged to be the
least that the actual yield stress would have. In this
context, the results of hardness testing ¢s8emay

be used to provide an estimate of the U.T.S. from
which the grade.of steel may be judged.

117
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Add new Appendix | (4) If as-built drawings and/or previous surveys are
available no preliminary inspection'is needed.
Appendix |
Following any preliminary inspection an initial
Inspections for assessment assessment of the adequacy ofithe structure should be
undertaken using the best information then available.
I.1 General This should be used to establish the relative criticality

of each part and to.identify-what further information is
Inspections for Assessment should comply with the required to enable the finalassessment to be

aims and provisions of BD21 and with the undertaken. At this stage pessimistic assumptions

recommendations given below. should be made with'respect to any relevant
parameters for which information is lacking (eg

1.2 Criticality ratings material properties, or constructional imperfections).

Those parts shown as likely to be inadequate should be
The nature and extent of inspections should be relateédentified on drawings:to.be used for reference in a
to: detailed inspection. They should include parts shown
by the preliminary inspection to be significantly
(a) the prior knowledge of the construction of the corroded ordeteriorated.
bridge, including as-built drawings, construction
procedures, dimensional surveys and material propelt Detailed inspections
data; and
The'detailed inspection of a bridge should supplement
(b) the criticality of each part of the bridge in relation the information concerning the details and conditions
to its overall and local structural adequacy. obtained in the preliminary survey as set out4rto
|.6.
A preliminary inspection should be undertaken to
establish the following: I\4 Structural arrangements and sizes

(1) In the absence of drawings or previous dimension&he section dimensions of components at critical

surveys of any part of the whole of/@a bridge, the layoldcations should be measured. Dimensions of

dimensions and nominal componentsizes should be connections and their connectors should be recorded,

recorded. Details of all accessible connections shouldncluding weld sizes.

be measured and the locations.of anyinaccessible

parts or connections should be noted. Locations of 1.5 Constructional imperfections

significant visible damage, deterioration.or cracking

should be recorded. All components should be visually inspected for gross
deformations from intended flatness or straightness.

(2) If design drawingsbutno as-built drawings or ~ Additionally for all critical parts, the strengths of

previous dimensional surveys are available, the layowvhich are related to geometric imperfections, detailed

dimensions shouldbe checked againstthe design  measurement of deviations should be made in

drawings and nominal eemponent sizes used should becordance with Clause 5.6 of BS5400 Part 6 or as

verified. Connections should:be visually inspected forotherwise defined in the assessment addenda to

compliance with the.drawings and any variationin ~ BS5400 Part 3.

location or arrangement noted. Locations of significant

damage, deterioration or cracking should be recorded.

(3) For bridges in.whichthe load effects are sensitive
to errors,in levelinclination or common planarity of
bearings and for.which.no as built records of these are
available the bearings should be surveyed and the
errors recorded.
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The alignments of all bearings in relation to load Test specimens and tensile testing should be

bearing stiffeners and/or diaphragms should be accordance with BS 4360. Strain rates.in testing
measured. The coincident ambient temperature of theshould be similar to those used in mill'testing. In
main bridge members should be recorded and taking samples great care must be exercised to avoid

appropriate adjustment made to the eccentricities or the introduction of unacceptable stress concentrations
alignment to allow for the differences betweenthe in the structure and the:modifications of the properties
observed and the effective bridge temperature relativef the samples due to any:heat input.

to the assessments required.

|.6 Condition

At all locations where corrosion, deterioration or
damage is apparent, its significance should be assessed
by reference to the criticality ratings and where
appropriate detailed measurements should be made of
loss of section and/or investigations should be
undertaken of potential influences on fatigue life or
fracture propensity.

Connections in critical regions should be subjected 10
detailed inspection. Paint should be removed from
welds and the welds subjected to 100% MPI
inspection. For fatigue critical connections the welds
should be also subjected to full ultrasonic examination.
All bolted and riveted connections should be inspected
for loss or looseness of connectors. Friction grip
bolted connections should be tested for tightness by
application of the appropriate torque to'a
representative sample of nuts.

|.7 Material properties

Where there is inadequate information concerning
material properties for critical{parts, samples should

be taken for mechanical testing. To make use of results
of such tests in accordance with Section 6;.the samples
should be taken in the same structure and considered
to be likely to have been supplied from the same batch
of material. Where paossible such samples should be
taken from a position'on a member remote from its
critical region. The'loeations of the samples within a
section should be relevantto the strength criteria being
used (e.g. within aflange of a beam when considering
bending capacity) and in accordance with BS 4360.
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