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Chapter 1
I ntroduction

1. INTRODUCTION

11  BSI committee CSB 59/1 reviewed BS 5400:
Part 2: 1978 (including BSI Amendment No 1 (AMD
4209) dated 31 March 1983) and agreed a series of
major amendments including the revision of the HA
loading curve. It was agreed that as an interim measure,
pending along term review of BS 5400 as awhole and
bearing in mind the work on Eurocodes, the series of
amendments to Part 2 would be issued by the
Department of Transport rather than by BSI. Because
of thelarge volume of technical and editorial
amendmentsinvolved it has a so been decided that afull
composite version of BS5400: Part 2 including all the
agreed revision would be produced, forming an
Appendix to the 1988 version of this Standard.

1.2  Sincetheincorporation of the above
amendments, the new load code for wind (BS 6399:
Part 2) has been published in the United Kingdom and
further advances have been made in wind engineering:
This hasled to the need to amend the Appendix to this
Standard in respect of:

. the United Kingdom wind map;

. the effect of terrain roughness on the properties
of the wind;

. the effect of fetch of particular tefrains on the
properties of thewind;

. the effects of topography on the propeérties of the
wind;

. the treatment of pressuré coefficients (drag and
lift); and

. the treatment of relieving areas:

The following amendments have been made to the
clauses on thermal actions:

. additional profiles for steel plate girders and
trusses,

. clarification of return periods for differential
temperatures, and

. minorehanges to effective bridge temperatures
forbox girders:

In addition, the following amendments have been made:
. updating certain aspects of highway bridges:

- horizontal dynamic leading dueto crowdson
foot/cycle track bidges;

- vehiclecollision loads on support and
superstructures; and

. updating of certain aspects of railway bridge
loading related to:

- “deflection limits;

- useof SW/0loading;

- liveloaddistribution by sleepers;

- effects of bridges with 3 or 4 tracks;
- reference to UIC documents,

-~ limitations on applicability of dynamic factors
for RU loading;

- reference to aerodynamic effects from
passing trains; and

- reference to combined response of track and
structureto longitudinal loads.

1.3  BSI committee B525/10 has reviewed and
agreed to the amendments described in 1.2.
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Chapter 2
Scope

2. SCOPE

21  This Standard supersedes the previous version of
this standard BD 37/88.

2.2  ThisStandard does not cover al theloading
requirements for the assessment of existing highway
bridges and structures; additional requirements are given
in BD 21 (DMRB 3.4).
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3. USE OF THE COMPOSITE VERSION O 00:
PART 2

3.1 Loadsfor thedesign of al highway bridges

belonging to the Overseeing Organisation shall be as

specified in the full composite version of BS 5400: Part

2in Appendix A to this Standard.

3.2 Designloading requirementsfor rigid buried

concrete box-type structures and for corrugated steel

buried structures are givenin BD 31 (DMRB 2.2) and

BD 12 (DMRB 2.2), respectively. v
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Chapter 4
Additional Requirements

4. ADDITIONAL REQUIREMENTS

4.1  All road bridges shall be designed to carry HA
loading. In addition, a minimum of 30 units of type HB
loading shall be taken for all road bridges except for
accommodation bridges which shall be designed to HA
loading only. The actual number of units shall be
related to the class of road as specified below:

Number of units of
type HB loading

Classof road carried
by structure

Motorways and Trunk 45
Roads (or principal road
extensions of trunk routes)

Principal roads 375

Other public roads 30

4.2  For highway bridges where the superstructure
carries more than seven traffic lanes (ie lanes marked
on the running surface and normally used by traffic),
application of type HA and type HB loading shall be
agreed with the Overseeing Organisation.

4.3  Where reference is made in the composite
version of BS 5400: Part 2 to the ‘ appropriate authority’,
this shall be taken to be the Overseeing Organisation,
except where a reduced load factor is used for
superimposed dead load in accordance with/5.2.2.1 of
the document, it shall be ensured that the nominal
superimposed dead load is not exceeded during thelife
of the bridge and that a note ta'this effectis given in the
maintenance record for the structure.

44  Where a structureds designed for a purpose
which is not specifically described in the cemposite
version of BS 5400: Part.2 or in this Standard, the
loading requirements must be agreed with the
Overseeing Organisation and treated as an aspect not
covered by current standards. Thiswill include
structures such as those carrying grass roads, access
ways etc whichrmay have to earry specific loading such
as that due t6 emergency-or maintenance vehicles.
Bridleways shall nermally be designed to theloading
specified for foot/eycle track bridges unless they have
to carry:maintenance vehicles which impose a greater
loading, in which case the |oading requirements must be
agreed with the Overseeing Organi sation.

45  Indetermining the wind load (see 5.3 of the
composite version of BS 5400: Part 2).and temperature
effects (see 5.4 of the composite version of BS 5400:
Part 2) for foot/cycle track bridges, the return period
may be reduced from 120.years to:50 years subject to
the agreement of the Overseeing Organisation.

4.6  Thecollision loadsto be adopted and the saf ety
fence provisions at bridge supports shall be agreed with
the Overseeing Organisation. Generally the headroom
clearaneeand.collision loads shall be in accordance with
TD 27 (PMRB 6.1) and:BD 60 (DMRB 1.3)
respectively.

4.7  Inadditionto 5.7 of the composite version of
BS5400: Part 2, the following conditions shall apply
when assessing structures for the effects of loading
caused by abnormal indivisibleloads (AIL);

1. Wheel and axle loads shall be taken as
nominal loads;

2. Thelongitudinal load caused by braking or
traction shall be taken as whichever of the
following produces the most severe effect;

(a) the HB traction/braking force applied in
accordance with the composite version;

(b) abraking force of 15% of the gross weight of
the AIL vehicletrain distributed proportionally to
theload carried by theindividual braking axles;

(c)atraction force of 10% of the gross weight of
the AIL vehicletrain distributed proportionally to
theload carried by theindividual driving axles.

4.8  Departure from any of the requirements givenin
this Standard (including the composite version of

BS 5400: Part 2) shall be agreed with the Overseeing
Organisation.
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51 Thefollowing documents are referred to in the

preceding sections of this Standard.

(1) BS5400: Steel, concrete and composite bridges:
Part 2: 1978: Specification for loads. Amendment
No 1, 31 March 1983.

(2) BS6399: Part 2: 1997: Code of practice for wind
loads.

(49 BD 12 (DMRB 2.2): Design of Corrugated Steel
buried structures with spans not exceeding 8m
including circular arches.

(5) BD 21 (DMRB 3.4): The assessment of highway
bridges and structures.

(6) BD 31 (DMRB 2.2): Buried concrete box type
structures.

(7) BD60(DMRB 1.3): Design of highway bridg
for vehiclecollisionloads.

(80 TD 27 (DMRB 6.1) Cross-Sections an
Headrooms.

$
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6. ENQUIRIES

All technical enquiries or comments on this Standard should be sent in writing as appr.

Chief Highway Engineer

The Highways Agency

St Christopher House

Southwark Street AR

London SE10TE i neer

Chief Road Engineer

Scottish Executive Devel opment Department

Victoria Quay

Edinburgh WISON

EH6 6QQ Chief Road Engineer

Chief Highway Engineer

The National Assembly for Wales

Cynulliad Cenedlaethol Cymru

Crown Buildings

Cathays Park JR REES

Cardiff CF10 3NQ Chief Highway Engineer

Director of Engin

Department for

Roads Servic

Clarence Court

10-18 Adelai G W ALLISTER
Belfast Director of Engineering
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APPENDIX A: COMPOSITE VERSION OF
PART 2

00:

FOR THE SPECIFICATION OF LOADS USED FOR THE DESIGN OF Y
ASSOCIATED STRUCTURES.
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BS 5400: Part 2: 1978
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FOREWORD

BS 5400 is a document combining codes of practice to cover the design and constructi
composite bridges and specificationsfor loads, materials and workmanship. It compri

Part 1
Part 2
Part 3
Part 4
Part 5
Part 6
Part 7
Part 8

Part 9

Genera statement

Specification of loads

Code of practice for design of steel bridges
Code of practice for design of concrete bridges
Code of practice for design of composite bridges
Specification for materials and workmanship, steel
Specification for materials and workmanship, concrete,
Recommendations for materials and workmanship, co
tendons

Bridge bearings

Section 9.1 Code of practice for design of bridge
Section 9.2 Specification for materials, manufact
Code of practice for fatigue

d prestressing tendons
t and prestressing

of bridge bearings
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British Standard

STEEL, CONCRETE AND COMPOSITE BRIDGES

Part 2. Specification for |oads

1

2.

SCOPE

11 Documents comprising this British Standard. This specification.for loads should be read in
conjunction with the other Parts of BS 5400 which deal with the design, materials and workmanship of steel,
concrete and composite bridges.

12 L oads and factor s specified in this Part of BS 5400: This Part,of BS:5400 specifies nominal
loads and their application, together with the partial factors, y, , to be usedinderiving designloads. The
loads and load combinations specified are highway, railway and foot/cycle track bridgesin the United
Kingdom. Where different |oading regul ations apply, modifications may be necessary.

13 Wind and temperature. Wind and temperature effectsrelate to conditions prevailing in the
United Kingdom and Eire. If the requirements of this Part of BS 5400 are applied outside this area, relevant
local data should be adopted.

REFERENCES

Thetitles of the standards publications referred to in this Part of BS 5400 are listed at the end of this document (see
page 97).

3.

PRINCIPLES, DEFINITIONS AND SYMBOLS

31 Principles. *Part 1 of this standard sets out the principles relating to loads, limit states, load
factors, etc.

32 Definitions. For the purposes of this Part of BS 5400 the following definitions apply.

321 Loads. External forcesapplied to the structure and imposed deformations such as those
caused by restraint of movement due to.changes in temperature.

3.2.1.1“ Loadeffects. The stress resultants in the structure arising from its response to
loads((as defined in3.2.1).

322 Dead |oad. The weight of the materials and parts of the structure that are structural
elements, but excluding superimposed materials such as road surfacing, rail track ballast, parapets,
main, ducts, miscellaneous furniture, etc.

323 Superimposed dead load. The weight of al materials forming loads on the structure
that are not strutural elements.

324 Liveloads. Loads due to vehicle or pedestrian traffic.

3241 Primary liveloads. Vertical liveloads, considered as static 0ads, due directly
to.the mass of traffic.

3.24.2 Secondary liveloads. Live loads due to changes in speed or direction of the
vehicletraffic eglurching, nosing, centrifugal, longitudinal, skidding and collision
loads.

* Attention is drawn to the difference in principle of this British Standard from its predecessor,

A/10
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325  Adverse and relieving areas and effects. Where an element or structure has
aninfluenceline consisting of both positive and negative parts, in the consideration of-loading
effects which are positive, the positive areas of the influence line are referred to as adverse areas
and their effects as adverse effects and the negative areas of the influence line are referred to as
relieving areas and their effects asrelieving effects. Conversely, in the consideration of loading
effects which are negative, the negative areas of the influence ling are referred to as adverse areas
and their effects as adverse effects and the positive areas of the influences line arereferred to as
relieving areas and their effects as relieving effects.

3.26 Total effects. The algebraic sum of the adverse and relieving,effects.
3.2.7 Dispersal. The spread of load through surfacing, fill, etc.

3.28 Distribution. The sharing of load between directly |loaded:members and other members
not directly loaded as a consequence of the stiffness of intervening connecting members, as eg
diaphragms between beams, or the effects of distribution.ef.awheel 10ad across the width of a plate
or slab.

329 Highway carriageway and lanes (figure 1 gives a diagrammatic description of the
carriageway and traffic lanes).

3.29.1 Carriageway. For the purpases of this Standard, that part of the running
surface which includes all traffic lanes, hard-shoulders, hard strips and marker strips. The
carriageway width is the width between raised kerbs. In the absence of raised kerbsit is
the width between safety fences, less the amount of set-back required for these fences,
being not less than 0.6m or more than 1.0m from the traffic face of each fence. The
carriageway width shall beimeasured in adirection at right angles to the line of the raised
kerbs, lane marks or edge marking:

NOTE: For ease of use, the definition of "carriageway" given in this Standard differs
from that given in BS 6100: Part 2,

3.29.2 Trafficlanes. Thelanesthat are marked on the running surface of the bridge
and are normally-used by traffic.

3.2.9.3 ,Notional lanes.  The notional parts of the carriageway used solely for the
purposes of applying the specified live loads. The notional lane width shall be measured in
adireetion at right.angles to the line of the raised kerbs, 1ane markers or edge marking.

3.29.3.1 Carriageway widths of 5.00m or more. Notional lanes shall be taken to be
not lessthan 2.50m wide. Where the number of notional lanes exceeds two, their
individual widths should be not more than 3.65m. The carriageway shall be divided into
an integral number of notional lanes have equal widths asfollows:

Carriageway width m Number of notional lanes

5.00 up toandincluding 7.50

above 7.50 up to and including 10.95
above 10.95 up to and including 14.60
above 14.60 up to and including 18.25
above 18.25 up to and including 21.90

OO, WN
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3.3

3.2.10

32932 Carriageway widths of less than 5.00m. The carriageway shall be taken
to have one notional lane with awidth of 2.50m. Theloading on the remainder of the
carriageway width should be as specifiedin 6.4.1.1.

3.29.3.3 Dual carriageway structures. Where dua carriageways are carried on
one superstructure, the number of notional lanes on the bridge shall be taken as the sum of
the number of notional lanes in each of the single carriageways as specified.in 3.2.9.3.1.

Bridge components

3.210.1 Superstructure. Inabridge, that part of the structure which is supported
by the piers and abutments.

3.210.2 Substructure. In abridge, the wing walls and.the piers, towers and
abutments that support the superstructure.

3.2.10.3 Foundation. That part of the substructure in'direct contact with, and
transmitting load to, the ground.

Symbols. Thefollowing symbols are used in this Part of BS 5400.

w NP

oo >>>o

0pee020000

oW NP

=0

ARX T IISMT M

- —
m

e

®© T C/O

maximum vertical acceleration

solid areain normal projected elevation

see 5.3.4.6

areain plan used to derive vertical wind load

width usedin deriving wind load

notional lanewidth

spacing of plate girders used in deriving drag factor
configuration factor

drag coefficient

lift coefficient

depth usedin deriving wind load

depth.of deck

depth of deck plussolid parapet

depth of deck plusliveload

depthof liveload

modulus of eagticity

afactor used in deriving centrifugal load on railway tracks
fundamental natural frequency of vibration
pulsatingpoint load

centrifugal load

h, h /. h depth (see figure 9)

17208 4

height of bridge abovelocal ground level

roof top level above ground level

second moment of area

maximum value of ordinate of influenceline

aconstant used to dervie primary live load on foot/cycle track bridges
configuration factor

fetch correction factor

main span

length of the outer span of athree-span superstructure
loaded length

actual length of downwind slope

actual length of upwind slope

effective base length of influence line (see figure 11)
effectivelength of upwind slope
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weight per unit length (see B.2.3)
number of lanes

number of axles (see Appendix D)
number of beams or box girders
equivalent uniformly distributed |oad
nominal longitudina wind load

nominal transversewind load

nominal vertical windload

dynamic pressure head

radius of curvature

topographic location factor

funnelling factor

altitude factor

bridge and terrain factor

hourly speed factor

direction factor

gust factor

topography factor

probability factor

seasona factor

thickness of pier

time in seconds (See B.3)

temperature differential (seefigure 9 and appendix C)
hourly mean reduction factor for towns
gust reduction factor for towns
areaunder influenceline

speed of highway orrail traffic

basic hourly meanwind speed
maximum wind gust speed

hourly mean wind speed for relieving areas
site hourly mean wind speed

| @adhper metre of lane

horizontal, distance of site from the crest
static deflection

effective height of topographic feature
lane factors (see 6.4.1.1)

first lane factor

second lane factor

third [ane factor

fourth and subsequent lane factor

see Part 1 of this standard

see 4.1.3 and Part 1 of this standard
partial load factor (y, X Y,,)
logarithmic decrement of decay of vibration
altitude above mean sealevel

base of topography

shielding factor

angle of wind (see 5.3.5)

dynamic response factor (see B.2.6)
average slope of ground (see Fig 3)
downwind sope

upwind slope

wind direction (see5.3.2.2.4)
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4, LOADS:. GENERAL
4.1 L oads and factors specified

411 Nominal loads. Where adequate statistical distribution are‘available, nominal loads are
those appropriate to areturn period of 120 years. In the absence ofisuch statistical data, nominal
load values that are considered to approximate to a 120-year return period are given.

412 Design loads. Nominal loads should be multiplied by the approporiate value of y, to
derive the design load to be used in the cal culation of moments, shears; total loads and other effects
for each of the limit states under consideration. Values of y, ‘aregivenin each relevant clause
andasointable 1.

413  Additional factor y,. Moments, shears, total loads and other effects of the design loads
are also to be multiplied by v, to obtain the design load effects. Valuesof'y,, are givenin Parts 3,
4 and 5 of this standard.

414 Fatigue loads. Fatigue loads to be considered for highway and railway bridges, together
with the appropriate value of y, , are given in Part 10 of this standard.

415 Deflection, drainage and camber: The requirements for calculating the deflection,
camber and drainage characteristics of the structure are given in Parts 3, 4 and 5 of this standard.

4.2 L oadsto be considered. The loads to‘be considered in different load combinations, together with
the specified valuesy, , are set out in the appropriatéclauses and summarised in table 1.

4.3 Classification of loads. The loads applied to a strueture are regarded as either permanent or
transient.

431 Permanent loads./ For the purposes of this standard, dead loads, superimposed dead
loads and loads due to filling material shall be regarded as permanent loads.

4311 Loading effects not due to external action. Loads deriving from the nature
of the structural material, its manufacture or the circumstances of its fabrication are dealt
with in the appropriate Parts of this standard. Where they occur they shall be regarded as
permanent |oads.

4312 Settlement. The effect differential settlement of supports shall be regarded
as apermanent load where there is reason to believe that this will take place, and no
special provision has been made to remedy the effect.

4.3.2 /Transient leads. For the purposes of this standard all loads other than permanent ones
shall be‘considered transient.

The maximum effects of certain transient loads do not coexist with the maximum effects of certain
othérs. The reduced effects that can coexist are specified in the relevant clauses.

4.4 Combinations of leads. Three principal and two secondary combinations of loads are specified;
values of.y. for each lead for each combination in which it is considered are given in the relevant clauses
and also summarisedin table 1.

44.1 Combination 1. For highway and foot/cycle track bridges, the loads to be considered are
the permanent loads, together with the appropriate primary live loads, and, for railway bridges, the
permanent loads, together with the appropriate primary and secondary live loads.
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442 Combination 2. For al bridges, the loads to be considered aret
1, together with those due to wind and, where erection is being considered, t
loads.

in combination

443 Combination 3. For all bridges, the loads to be consider
1, together with those arising from restraint due to the effects of t e and difference,
and, where erection is being considered, temporary erection loads.

444 Combination 4. Combination 4 does not apply to rai cept for vehicle
collision loading on bridge supports. For highway bridges, t ered arethe

permanent |oads and the secondary live loads, together with t
associated with them. Secondary live loads shall be considered ely and are not required to
be combined. Each shall be taken with its appropriate i

For foot/cycletrack bridges, the only secondary live loadsto be considered are the
supports and superstructures (see 7.2).
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Tablel. Loadstobetaken in each combination with appropriatey,

ULS: ultimate limit state SLS: serviceability limit state
Clause | Load Limit Y, to be considered in combination
number state
1 2 3 4 5
5.1 Dead: steel ULS* 1.05 1405 1.05 1.05 1.05
9S 1.00 1.00 1.00 1.00 1.00
concrete ULS* 1.15 1.15 1.15 1.15 1.15
9SS 1.00 1.00 1.00 1.00 1.00
5.2 Superimposed dead: deck surfacing ULS+ 1.75 1.75 1.75 1.75 1.75
SLS+ 1.20 1.20 1.20 1.20 1.20
other loads ULS 1.20 1.20 1.20 1.20 1.20
9S 1.00 1.00 1.00 1.00 1.00
5.1.2.2 &| Reduced load factor for dead and superimposed dead load
5.2.2.2 where this has a more severe total effect ULS 1.00 1.00 1.00 1.00 1.00
5.3 Wind: during erection ULS 1.10
9S 1.00
with dead plus superimposed dead load only, and ULS 1.40
for members primarily resisting wind loads 9SS 1.00
with dead plus superimposed dead plus other ULS 1.10
appropriate combination 2 loads SS 1.00
relieving effect of wind ULS 1.00
9SS 1.00
5.4 Temperature: restraint to movement, except frictional ULS 1.30
S 1.00
frictional bearing restraint UkS 1.30
S 1.00
effect of temperature difference ULS 1.00
9S 0.80
5.6 Differential settlement ULS 1.20 1.20 1.20 1.20 1.20
9S 1.00 1.00 1.00 1.00 1.00
5.7 Exceptional loads to be assessed and agreed between the engineer
& the appropriate authority
5.8 Earth pressure: vertical loads ULS 1.20 1.20 1.20 1.20 1.20
retained fill and/ 9SS 1.00 1.00 1.00 1.00 1.00
or live load
non-vertical 'loads ULS 1.50 1.50 1.50 1.50 1.50
9S 1.00 1.00 1.00 1.00 1.00
relieving effect 9S 1.00 1.00 1.00 1.00 1.00
5.9 Erection: temporary loads ULS 1.15 1.15
9Ss 1.00 1.00
6.2 Highway bridges'live loading: HA alone ULS 1.50 1.25 1.25
S 1.20 1.00 1.00
6.3 HA with HB or HB aone ULS 1.30 1.10 1.10
9S 1.10 1.00 1.00
6.5 footway and cycle track ULS 1.50 1.25 1.25
loading 9S 1.00 1.00 1.00
6.6 accidental wheel loading** ULS 1.50
SS 1.20

*y,, shall be increased to at least 1.10 and 1.20 for steel and concrete respectively to compensate for inaccuracies
when deadleads are not accurately assessed.

+y, may bereducedto 1.2.and 1.0 for the ULS and SL S respectively subject to approval of the appropriate
authority (see 5.2.2.7).

** Accidental wheel loading shall not be considered as acting with any other primary live loads.
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Table 1 (continued)

Clause Load Limit Y, to be considered in comb
number state
6.7.1 Loads due to vehicle Local effects: parapet load
collision with parapets low & normal containment ULS
& associated pimary S
live load: high containment ULS
)
Ss b
associated primary live load: ULS g-
low, normal & high containment S %
6.7.2 Global effects: parapet 1oad
Massive structures:
bridge superstructures and non- ULS
elastomeric bearings
bridge substructures and wing
& retaining walls
elastomeric bearings 1.00
Light structures:
bridge superstructures & non- 1.40
elastomeric bearings
bridge substructures and wing 1.40
& retaining walls
elastomeric bearings 1.00
associated primary live lo
Massive & light structur
bridge superstructures, 1.25
elastomeric bearings, g,
substructures & wing & 2
retaining walls -d>3‘
elastomeric bearings g 1.00
6.8 Vehicle collision Effects on all g 1.50
loads on bridge excepting el 2
supports and bearings o)
superstructures: Effects or 1 s 7 1.00
c
3
6.9 Centrifugal load & associated uLs § 1.50
as 3 1.00
6.10 Longitudinal load: ULS % 1.25
s 3 1.00
us 2 1.10
B % 1.00
6.11 Accidental skidding load uLs g 1.25
SSs g 1.00
7 Foot/cycle track ULS <« 1.50 1.25 1.25
bridges: 9s g 1.00 | 1.00 1.00
sion loads on ULS 1.50
d superstructures***
8 Railway bridg type RU and RL, and SW/0 primary | ULS 1.40 1.20 1.20
and secondary live loading 9SS 1.10 1.00 1.00
***Thisisth iveload to be considered for foot/cycle track bridges.

eep and shrinkage, or from welding and lack of fit, see Parts 3, 4 and 5 of this
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445 Combination 5. For al bridges, the loads to be considered are the permanent loads,
together with the loads due to friction at bearings*

4.5 Application of loads. Each element and structure shall be examined under theeffects of loads that
can coexist in each combination.

451 Selection to cause most adver se effect*. Design loads shall, be selectedrand applied in
such away that the most adverse total effect is caused in the element or structure under
consideration.

452 Removal of superimposed dead load. Consideration shall be given to the possibility
that the removal of superimposed dead |oad from part of the structuremay diminish itsrelieving
effect. In so doing the adverse effect of live load on the'elements of the structure being examined
may be modified to the extent that the removal of the superimposed dead load justifies this.

453 Liveload. Liveload shall not be considered to.act on relieving areas except in the case
of wind on live load when the presence of light traffic is necessary to'generate the wind load (see
5.3.8).

454  Wind on relieving areas. Design loads due to wind on relieving areas shall be
modified in accordance with 5.3.2.2 and 5.3:2.4.

4.6 Overturning. The stability of the superstructure and.itsparts against overturning shall be
considered for the ultimate limit state.

46.1 Restoring moment. The least restoring moment due to the unfactored nominal loads
shall be greater than the greatest overturning moment.due to the design loads (iey, for the
ultimate limit state x the effects.of the nominal |oads).

4.6.2 Removal of loads/ The requirements specified in 4.5.2 relating to the possibe removal
of superimposed dead | oad&hall also be taken into account in considering overturning.

4.7 Foundation pressures/ sliding on foundations, loads on piles, etc. In the design of
foundations, the dead load (see 5.1) the superimposed dead load (see 5.2) and loads due to filling material
(see 5.8.1) shall be regarded as permanent loads and all live loads, temperature effects and wind loads shall
be regarded as transient loads, except in certain circumstances such asamain line railway bridge outside a
busy terminal where it may be hecessary to assess a proportion of live load as being permanent.

Thedesign of foundationsincluding consideration of overturning shall be based on the principles set out in
BS 8004 using load combinations as given in this Part.

4.7.1 Design loads to be considered with BS 8004. BS 8004 has not been drafted on the
basis of limit state design; it.will therefore be appropriate to adopt the nominal loads specified in all
relevant,clauses of this standard as design loads (taking y, = 1.0 and y,, = 1.0) for the purpose of
foundation design in accordance with BS 8004.

*Whereamemberis required to resist the loads due to temperature restraint within the structure and to
frictional restraintef temperature-induced movement at bearings, the sum of these effects shall be
considered. An example is the abutment anchorage of a continuous structure where temperature movement
is accommodated by flexure of piersin some spans and by roller bearingsin others.

+1t 1S expected that experience in the use of this standard will enable usersto identify those load cases and
combinations (asin the case of BS 153) which govern design provisions, and it is only those load cases and
combinations which need to be established for usein practice.
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5. LOADS APPLICABLE TO ALL BRIDGES

51

5.2

Dead load

511 Nominal dead load. Initial valuesfor nominal dead |oad may be based on the densities
of thematerialsgivenin BS648. The nominal dead load initially assumed shall.be accurately
checked with the actual weights to be used in construction and, where necessary, adjustments shall
be made to reconcile any discrepancies.

512 Design load. The factor, y, to be applied to all parts of thedead |oad, irrespective of
whether these parts have an adverse or relieving effect, shall be taken for all five load combinations
asfollows:

For the ultimate For the serviceability
limit state limit state

Stedl 1.05 1.0
Concrete 1.15 1.0

except as specifiedin 5.1.2.1 and 5.1.2.2.

These values for y, assume that the nominal dead load has been accurately assessed, that the
weld metal and bolts, etc, in steelwork and the reinforcement, etc, in concrete have been properly
guantified and taken into acount and that the densities and materials have been confirmed.

5121 Approximations in assessment of load. Any deviation from accurate
assessment of nominal deadload for preliminary design or for other purposes should be
accompanied by an appropriate and adequate increment in the value of y, . Vaues of 1.1
for steel and 1.2 for concrete for the ultimate limit state will usually suffice to allow for the
minor approximations normally made. It isnot possibleto specify the allowances required
to be set against various assumptions and approximations, and it isthe responsibility of the
engineer to ensure that the absol ute values specified in 5.1.2 are met in the completed
structure.

5.1.2.2 Alternative loadifactor. Where the structure or element under consideration is
such that.the application'of y, as specfied in 5.1.2 for the ultimate limit state causes a
less severe total €ffect (see 3.2.6) than would be the case if v, , applied to all parts of the
dead lead, had been taken as 1.0, values of 1.0 shall be adopted. However, the'y,
factorsto be applied when considering overturning shall be in accordance with 4.6.

Superimposed dead load

521 Nominal superimposed dead load. Initial valuesfor nominal superimposed dead |oad
may bebased on the densities of the materials given in BS 648. The nominal superimposed dead
load initially.assumed shall in all cases be accurately checked with the actual weightsto be used in
construction and, where necessary, adjustments shall be made to reconcile any discrepancies.

Wherethe superimpased dead |oad comprisesfilling, eg on spandrel filled arches, consideration shall
be givento the fill becoming saturated.
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5.3

522 Design load. The factor y, , to be applied to all parts of the superimpesed dead |oad,
irrespective of whether these parts have an adverse or relieving effect, shall be‘takenfor all five
load combinationsasfollows:

For the ultimate For the serviceability
limit state limit state

deck surfacing 1.75 1.20

other loads 1.20 1.00

exept as specified in 5.2.2.1 and 5.2.2.2 (Note a so the requirements 4.5.2).

NOTE Theterm "other loads" here includes non-structural.concrete infill, services and any
surrounding fill, permanent formwork, parapets and street furniture.

5221 Reduction of load factor. Thewalue of y. to be used in conjunction with the
superimposed dead load may be reduced to an-amount not'less than 1.2 for the ultimate
limit state and 1.0 for the serviceability limit state, subject to the approval of the
appropriate authority which shall be responsiblefor ensuring that the nominal
superimposed dead load is not exceeded during thelife of the bridge.

5.2.2.2 Alternative load factor. WWhere the structure or element under consideration is
such that the application of y, /as specfied in.5.2.2 for the ultimate limit state causes a
less severe total effect (see 3.2.6) than'would bethe caseif y, , applied to all parts of the
superimposed dead load, had been taken as 1.0, values of 1.0 shall be adopted. However,
they, factorsto be applied when'eonsidering overturning shall be in accordance with 4.6.

Wind loads

531 General. The wind pressure on a bridge depends on the geographical location, the terrain
of the surrounding area, thefetch,of terrains upwind of the site location, the local topography, the
height of the bridge above ground, and the harizontal dimensions and cross-section of the bridge or
element under consideration. The maximum pressures are due to gusts that cause local and
transient fluctuations about the mean wind pressure.

The methods provided herein simulate the effects of wind actions using static analytical procedures.
They shall be used forhighway and railway bridges of up to 200m span and for footbridges up to
30m span. For bridges outside these limits consideration should be given to the effects of dynamic
response due to turbulence taking.due account of lateral, vertical and torsional effects; in such
circumstances specialist advice should be sought.

Wind loading will generally not be significant inits effect on many highway bridges, such as
concrete slab or slab and beam structures of about 20m or lessin span, 10m or more in width and at
normal hel ghts above ground.

In.general, asuitable check for such bridgesin normal circumstances would be to consider awind
pressure of 6 KN/m? applied to the vertical projected area of the bridge or structural element under
consideration, neglecting those areas where the load would be beneficial.

Design gust pressures are derived from a product of the basic hourly mean wind speed, taken from
awind map (Figure 2), and the values of several factors which are dependent upon the parameters
givenabove.

532 Wind Gust Speed. Where wind on any part of the bridge or its elements increases the
effect under consideration (adverse areas) the maximum design wind gust speed V ; shall be used.
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5321 Maximum Wind Gust Speed V . The maximum windgust,speed V , on
bridgeswithout liveload shall betaken as:

V,= Sg V,
where

V isthe site hourly mean wind speed (see 5.3.2.2)
S, is the gust factor (see 5.3.2.3)

For the remaining parts of the bridge or its elementswhich give réelief to the member
under consideration (relieving areas), the design hourly‘mean wind speed V shall be used
asderivedin 5.3.2.4.

5322 SiteHourly Mean Wind Speed V. V _isthesite hourly mean wind speed
10m above ground at the altitude of the sitefer.the direction of wind under consideration
and for an annual probability of being exceeded appropriateto the bridge being designed,
and shall be taken as:

V.=V, S S S

b ~p Ta —d

where
V, isthe basic hourly mean wind speed (see 5.3.2.2.1)
S, isthe probability factor (see 5.3.2.2.2)
S, isthe altitude factor(see 5.3.2.2.3)
S, is the direction factor (see 5.3.2.2.4)

5.3.22.1" Basic Hourly Mean Wind Speed V,. Values of V_in m/s for the
location of the bridgeshall be obtained from the map of isotachs shownin
Figure 2.

The values of V/ taken from Figure 2 are hourly mean wind speeds with an
annual jorobability of being exceeded of 0.02 (equivalent to areturn period of 50
years) in flat open country at an altitude of 10m above sealevel.

5.3.2.2.2° Praobability Factor. The probability factor, S, shall be taken as
1.05 for highway, railway and foot/cycle track bridge appropriate to areturn
period of 120 years.

Forfoot/cycle track bridges, subject to the agreement of the appropriate
authority, areturn period of 50 years may be adopted and S, shall be taken as
1.00.

During erection, the value of S, may be taken as 0.90 corresponding to areturn
period of 10 years. For other probabl lity levels S, may be obtained from
Appendix E. Where a particular erection will be completed in ashort period, S,
shall be combined with a seasonal factor aso obtained from Appendix E.
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Figure 2: Basic wind speed V, in m/sec
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53223  Altitudefactor S.. The altitude factor S, shall be used to adjust
the basic wind speed V, for the altitude of the site above sealevel,and shall be
taken as:

S, =1+0.001A
where
A isthe altitude in metres above mean sealevel of:
a) theground level of the sitewhentopography i's not significant, or

b) the base of the topographic featurewhen topography is
significant in accordaricewith 5.3:2:3.3 and Figure 3.

53.22.4  Direction factor Sgsfhe direction factor, S, may be used to adjust
the basic wind speed to produce wind speeds with,the same risk of exceedance
in any wind direction. Values are given in‘Table2tor the wind direction ¢ = 0°to
@=330°in 30°intervals (where the wind direction is defined in the conventional
manner: an east wind isawind direction of ¢ = 90° and blows from the east to
the site). If the orientati on'6f the bridgeis unknown or ignored, the value of the
direction factor shall betakenas S, = 1.00 for all directions. When the direction
factor is used with other factors that havea directional variation, values from
Table 2 shall beinterpolated for the specific direction being considered.

Table 2. Values of direction factor S,

Direction (0] S
N ® 0.78
30° 0.73
60° 0.73
E o 0.74
1200 0.73
150° 0.80
S 180° 0.85
2100 0.93
240° 1.00
w 271 0.99
300° 0.91
330° 0.82
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53.23 Gust factor S, The gust factor, S, depends on the terrain of .the site which
is defined in terms of three categories:

a) Sea- the sea (and inland areas of water extending morethantkm inthe
wind direction providing the nearest edge of water is cleser than Ikm upwind of
the site);

b) Country - all terrain which is not defined as sea or town;

c) Town - built up areas with a general |gvel of reef tops atleast H = 5m
aboveground level.

NOTE: permanent forest and woodland may betreated as town category.

The gust factor, S, shall be taken as:

where

S,=5T,S/

5,= K,
S, isthe bridge and terrain factor (see 5.3.2.3.1)

K. is the fetch cofrection factor (see 5.3.2.3.1)

T, is the town reduction factor for sitesin towns (see 5.3.2.3.2)
S, is the topography factor (see 5.3.2.3.3)

53.23¥ Thebridgeand terrain factor S'. Valuesof S' are givenin
Table 3 for the appropriate height above ground and adversely loaded length, and
apply:to sea shore loeations. To alow for the distance of the site from the seaiin
the upwind.direction for the load case considered, these values may be multiplied
by the fetch correction factor, K, also givenin Table 3, for the relevant height
above ground.

53.23.2 Thetown reduction factor T . Where the site is not situated in
townterrain.or iswithin 3km of the edge of atown in the upwind direction for
the load case considered, Tg shall be taken as 1.0.

For sitesin town terrain, advantage may be taken of the reduction factor T,
The values of T, should be obtained from Table 4 for the height above ground
and distance of the site from the edge of town terrain in the upwind direction for
the load case considered.

53.233  Thetopography factor S'. The values of S' shall generally be
taken as 1.0. In valleys where local funnelling of the wind occurs, or where a
bridge is sited to the lee of arange of hills causing local acceleration of wind, a
value not less than 1.1 shall be taken. For these cases specialist advice should be
sought.

Wherelocal topography issignificant S ' shall be calculated in accordance with
Appendix F.

Topography can only be significant when the upwind slopeis greater than 0.05;
see Figure 3.
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5.3.24 Hourly mean wind speed for relieving areas V| for without live

load. V| shall be taken as:

Vf = Sm VS

where
V. isthe site hourly mean wind speed (see 5.3.2.
where
Wind B Topography significan ope length if ¥, < 0.3
AT = base of . for shaded areg A 4 \ength if ‘I’UU> 0.3
topography Upwind slope
¥,> 0.05

Z = slope
height

a) Hill and ridge (upwind slope > 0.05; downwind slg

1.5 x sl i }
Topography significant x slope length if ¥,< 0.5

or shaded area

7 Sl 7
X Downwind slope

%)< 0.05

At = base of
topography

b) Escarpm
-and cliff (upwi

0.05; downwind slope < 0.05)
ind slope < 0.05)

Figure 3 Definition of significant topography

5.0 x slope length if ¥,> 0.3 -
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Table 3. Values of terrain and bridge factor S, hourly speed factor S’ and fetch

ion factor, K_

143
147
1.50
155
1.59
167
173

Height Terrain and Bridge Factor S’
above
ground (m)
LOADED LENGTH (m)
20 40 60 100 200
5 1.56 151 148 144 1.39
10 1.68 1.64 161 157 152
15 1.76 171 1.68 164
20 181 1.76 1.73 1.69
30 1.88 1.83 1.80 176
40 1.92 1.87 1.85 181
50 1.96 191
60 1.98 1.94
80 2.02 1.98
100 2.05 201
150 21 2.06
211
Height
above
ground (m)

SEA (km)

=100

0.85
0.88
0.89
0.90
0.92
0.93
0.93
0.94
0.95
0.95
0.96
0.97
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Table 4. Gust speed reduction factor T  for bridgesin towns

Height Distance from edge of town in
above upwind direction (km)
ground (m)

3 10 30
5 0.84 0.81 0.79
10 091 0.87 0.85
15 094 0.90 0.88
20 0.96 0.92 0.90
30 0.98 0.95 0.92
40 0.99 0.97 0.94
50 0.99 0.98 0.95
60 0.99 0.99 0.96
80 0.99 0.99 0.98
100 1.0 throughout
150
200

Table 5. Hourly mean reduction factor T_ f

Height Distance from edge ©

above

ground (m)

5

10

15

20

30

40

50

60

80

100 0.93

150 0.95
0.96
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NOTES FOR TABLES 3to 5:

NOTE 1. The horizontal wind loaded length shall be that giving the most severe effect. Where thereis only. one
adverse area (see 3.2.5) for the element or structure under consideration, the wind |oaded lengthristhe base |ength
of the adverse area. Where there is more than one adverse area, as for continuous construction, the maximum
effect shall be determined by consideration of any one adverse area or a combination of adverse areas, using the
maximum wind gust speed V , appropriate to the base length or the total combinedbaselengths. Theremaining
adverse areas, if any, and the relieving areas, are subjected to wind having the relieving wind speed V. The wind
speedsV  and V, are given separately in 5.3.2 for bridges with and without live load.

NOTE 2. Where the bridge is located near the top of ahill, ridge, cliff or escarpment, the height above the local
ground level shall allow for the significance of the topographic feature in accordance with 5.3.2.3.3. For bridges
over tidal waters, the height above ground shall be measured from the mean water level:

NOTE 3. Vertical elements such as piers and towers shall be divided into units in accordance with the heights given
in column 1 of tables 3 to 5, and the appropriate factor and wind speed shall-be derived for each unit.

53.24.1  Thehourly speedfactor Si. Vaues of S’ shall be taken from
Table 3 for the appropriate height above ground and apply to sea shore locations.
To alow for the distance of the site from the seain the upwind direction for the
load case considered, these values may be multiplied by the fetch correction
factor, K, also given in Table 3, for the refevant height above ground.

53.24.2  The hourly meantownreduction factor T . Where the site is
not situated in town terrain‘or is within 3km of the edge of atown in the upwind
direction for the load case considered, T_shall be taken as 1.0.

For sites in town terrain, advantage may be taken of the reduction factor T . The
values of T _shall be obtained from Table 5 for the height above ground and
distance 0f the site from the edge of town terrain in the upwind direction for the
load case considered.

5325 Maximum wind'gust speed V  on bridges with live load. The maximum
wind gust speed, V/, onithose parts of the bridge or its elements on which the application
of wind loading increases the effect being considered shall be taken as:

a) forshighways and foot/cycle track bridges, as specified in 5.3.2.1, but not
exceeding 35 m/s,

b) for railway bridges, as specifiedin 5.3.2.1.

5.3.2.60 Hourly mean wind speed for relieving areas V, for bridges with live load.
Where wind on any part of abridge or element gives relief to the member under
consideration the effective coexistent value of wind gust speed V| on the parts affording
relief shall be taken as:

a) for highway and foot/cycle track bridges the lesser of:

S
35x — Mm/sandV, m/sasspecifiedin 5.3.2.4
S,

b) for railway bridges, V. m/sas specified in 5.3.2.4.
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533 Nominal transverse wind load. The nominal transverse wind load Py(in N) shall be
taken as acting at the centroids of the appropriate areas and horizontally unlesslocal eonditions
change the direction of the wind, and shall be derived from:

Pt = q Al CD
where
g isthe dynamic pressure head taken as:

0.613 V 2 N/m?for those parts of the bridge on which the application of wind
loading increases the effect being considered; or

0.613 V ? N/m? for those parts where wind loading gives relief to the effect
being considered

A, isthe solid area (in m?) (see 5.3.3.1)
C, isthe drag coefficient (see 5.3.3.2 to 5.3.3.6)

5331 AreaA,. Theareaof thestructure or element under consideration shall be the
solid areain normal projected elevation, derived asfollows.

53311 Erection stages for all bridges. The area A , at al stages of
construction, shall be the appropriate unshielded solid area of the structure or
element.

53312 Highwayand raillway bridge superstructures with solid
elevation. For superstructures with or without live load, the area A, shall be
derived using the appropriate value of d asgiveninfigure 4.

(@) », Superstructures without live load. P, shall be derived
separately for the areas of the following elements.

(1)  For superstructures with open parapets:
(i)  thesuperstructure, using depth d, from figure 4,
(i)  the windward parapet or safety fence;
(iii)  the leeward parapet or safety fence.

Where there are more than two parapets or safety fences,
irrespective of the width of the superstructure, only those
two elements having the greatest unshielded effect shall be
considered.

(2) For superstructures with solid parapets: the
superstructure, using depth d, from figure 4 which

includes the effects of the windward and leeward parapets.
Where there are safety fences or additional parapets, P, shall
be derived separately for the solid areas of the elements
above the top of the solid windward parapet.
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53313

533.14

(b)  Superstructures with live load. P, shall bederived for the
area A, asgiven in figure 4 which includes the effects of the
superstructure, the live load and the windward and Teeward
parapets. Where there are safety fences or leeward parapets
higher than the live load depth d , P, ‘shall be derived separately for
the solid areas of the elements above the live load.

(c)  Superstructures separated by an air. gap. Where two
generally similar superstructures are separated transversely by a
gap not exceeding 1m, the nominal |oad.on the windward structure
shall be calculated as if it were a single structure, and that on the
leeward superstructure shall be taken as the difference between
the loads cal cul ated for the cembined and the windward structures
(see note 7 to figure 5).

Where the superstructuresare dissimilar or the air gap exceeds 1m,
each superstructure shall be considered separately without any
allowancefor shielding:

Foot/cycle track bridge superstructures with solid elevation.

(@)  Superstructures without live load. Where the ratio b/d as
derived from figure4isgreater than, or equal to, 1.1, the area A
shall comprise the solid areain normal projected elevation of the
windward exposed face of the superstructure and parapet only. P,
shall be derived fer this area, the leeward parapet being
disregarded.

Where b/dis less than 1.1, the area A, shall be derived as specified
in5.3.3.1.2.

(b) Superstructures with live load. Where the ratio b/d as derived
fromfigure 4 is greater than, or equal to, 1.1, thearea A shall
comprisethe solid areain normal projected el evation of the deck,
the live load depth (taken as 1.25m above the footway) and the
parts of the windward parapet more than 1.25m above the
footway. P, shall be derived for this area, the leeward parapet being
disregarded.

Where b/d islessthan 1.1, P, shall be derived for the area A, as
specifiedin5.3.3.1.2.

All truss girder bridge superstructures.

(@)  Superstructures without live load. The area A, for each
truss, parapet, etc, shall be the solid areain normal projected
elevation. The area A, for the deck shall be based on the full depth
of the deck.

P, shall be derived separately for the areas of the following
elements:

(1) thewindward and leeward truss girders;

(2) the deck;
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533.15

(3 thewindward and leeward parapets;
except that P, need not be considered on projected areasof:

(4) thewindward parapet screened by the windward truss, or
vice versa;

(5) thedeck screened by the windward truss, or vice versa;
(6) theleeward truss screened by:the deck;

(7) theleeward parapet screened\by the leeward truss, or vice
versa.

(b)  Superstructures with live load. The area A, for the deck,
parapets, trusses, ete;shall be as for the superstructure without live
load. The area A (for the live load shall be derived using the
appropriate live load depth d asgivenin figure 4.

P, shall be derived separately for the areas of the following
elements:

(1) thewindward and leeward truss girders;

(2) £ thedeck;

(3)  the windward.and leeward parapets,

(4)  theliveload depth;

except that P, need not be considered on projected areas of:

(5)  thewindward parapet screened by the windward truss, or
vice versa;

(6) the deck screened by the windward truss, or vice versa;
(7) theliveload screened by the windward truss or the parapet;
(8) theleeward truss screened by the live load and the deck;

(9) theleeward parapet screened by the leeward truss and the
liveload;

(10) the leeward truss screened by the leeward parapet and
theliveload.

Par apets and safety fences. For open and solid parapets and

fences, P, shall be derived for the solid areain normal projected elevation of the
element under consideration.

533.1.6

Piers. P, shall be derived for the solid areain normal projected

elevation for each pier. No allowance shall be made for shielding.

5.3.3.2 Drag coefficient C for erection stages for beams and girders. In 5.3.3.2.1
t0 5.3.3.2.5 requirements are specified for discrete beams or girders before deck
construction or other infilling (eg shuttering).
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53321 Singlebeam or box girder. C, shall be dérived from figure 5in
accordance with the ratio b/d.

53322 Two or more beams or box girder./CJ for eachbeam or box
shall be derived from figure 5 without any allowance for shielding. Where the
combined beams or boxes are required to be considered, Cyshall be derived as
follows.

Where the ratio of the clear distance between the beams.or boxes to the depth
does not exceed 7, C, for the combined structuréshall e taken as 1.5 times C
derived as specified in 5.3.3.2.1 for the single beam or box.

D

Where thisratio is greater than 7, C4 fonthe combined structure shall be taken
as n timesthe value derived as specified'in 5.3.3:2.1 for the single beam or box,
where n is the number of beams or box girders.

53323 Single plate girder. C_"shall be taken as 2.2.

53324 Two or more plate girders. C_ for each girder shall be taken as
2.2 without any allowance for shielding. \Where the combined girders are
required to be considered, CJfor the combined structure shall be taken as

2(1 + c/20d), but not more than 4, where ¢ is the distance centre to centre of
adjacent girders, and d is the depth-ef-thewindward girder.

53325 Trussgirders The discrete stages of erection shall be considered
in accordance with 5.3.3.4.

53.3.3 Drag coefficient C, for, all superstructures with solid elevation. For
superstructures with/or without livelead, C, shall be derived from figure 5 in accordance
with the ratio b/d as derived from figure 4. Drag coefficients shall be ascertained from
wind tunnel tests; for any. superstructures not encompassed within (a) and also for any
special structures, such as shoewndn (b), of figure 4. See also notes 5 and 6 of figure 5.
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T\ A

Single box or slab — sloping or vertical sides Twin or multiple boxes — sloping or vertica

T I I II1I1I1I

Mulitple beams or girders Throuh bridges — box or plate girders
— deck at any position ically

Figure 4(a) Typical superstructures to which figure 5 applies

o

Re—entrant Re-entrant
angle in soffit of slab

IDDDEDDEL\&Z?W:S‘:ZSJ“

Figure 4(b) Typical superstructures that require wind tunnel tests

Live loaded bridge

Open Solid .
.parapet poropet
d; l—‘ o D ’4 ds d= d3
dl ~ ] P d = dy or dy

whichever is greater

e the rail level, or
e footway or cycle track

Figure 4(c) Depth to be used in deriving 4

(1) Superstructures where the depth of Superstructures | Superstructures
superstructure (d1 or dj) exceeds d| without live load | with live load
Open Solid
parapet parap
5 dy [:]
d; |‘\ [ |
g b Open d = d, d = d,
porat Solid | d = d, d = d,
~+ Cody
J
i L“
Open
:pcrapet
Open d = d, d=4d,
Solid d=d, d=4d
Open
:porapet
jdz

in deriving C,

Figure 4 ical superstructures to which Figure 5 applies; those that require wind

tunnel tests and depth d to be used for deriving A, and C|

August 2001 A/35

Volume 1 home page




Downloaded from https://www.standardsforhighways.co.uk on 22-May-2025, BD 37/01 CRO1, published: May-2004

Appendix A Volume 1 Section 3
Composite Version of BS 5400: Part 2 Part 14 BD 37/01

2.8

26 \ Minimum coefficient for
\ | foot/cycle track bridges

N

2.2 X

2.0 /

18 —2 — -
o Minimum coefficient for decks
o supported by I sections
S 1.6 or by more than 4 beams or
5 box-girders
£ 14 ™
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Q 10 S
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N
~
08 ‘\
\.\ See note 7
0.6 ~
~
0.4 g
~N ~
02 <
N
0 ~
0 02 04 06 08 10 12 14 16 18 20 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32
Ratio b/d

Figure 5. Drag coefficient C_ for superstructures with solid elevation

NOTESto figure 5
NOTE 1. These values are given for vertical elevations andfor horizontal wind.

NOTE 2. Where the windward face isinclined to the vertical, the drag coéfficient C may be reduced by 0.5% per degree of inclination from
thevertical, subject to amaximum reduction of 30%.

NOTE 3. Where the windward face consists of a vertical and asloping part or two sloping partsinclined at different angles, C_ shall be
derived asfollows.

For each part of the face, the depth shall e taken as the total vertical depth of the face (ie over al parts), and values of C derivedin
accordance with notes 1 and 2.

These separate values of C shall be applied to the appropriate area of the face.

NOTE 4. Where a superstructure is superelevated, C shall be increased by 3% per degree of inclination to the horizontal, but not by more
than 25%.

NOTE 5. Where a superstructure is subject to inclined wind not exceeding 5° inclination, C, shall be increased by 15%. Where the angle of
inclination exceeds 5°, thedragcoefficient shall be derived from tests.

NOTE 6. Where the superstructure is superel evated and al so subject to inclined wind, the drag coefficient C, shall be specially investigated.

NOTE 7. Where two generally similar superstructures are separated transversely by agap not exceeding 1m, the drag coefficient for the
combined superstructure shall be ebtained by taking b as the combined width of the superstructure. In assessing the distribution of the
transverse wind load between the two separate superstructures (see 5.3.3.1.2(c)) the drag coefficient C for the windward superstructure
shall be taken as that of the windward superstructure alone, and the drag coefficient C of the leeward superstructure shall be the difference
between that of the combined superstructure and that of the windward superstructure. for the purposes of determining this distribution, if
b/d is greater than 12 the broken linein figure 5 shall be used to derive C,. The load on the leeward structure is generally oppositein signto
that on the windward superstructure.

Where the gap exceeds 1m, C_ for each superstructure shall be derived separately, without any allowance being made for shielding.
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5.3.3.4 Drag coefficient C_ for all truss girder superstructures

(a)

Super structures without live load. The drag coefficient'C_ fer each

truss and for the deck shall be derived as follows.

(1) Forawindward truss, C shall be takenfrom'table 6.

Table 6. Drag coefficient C for a single truss

Solidity ratio | For flatsided For round members where
members d isdiameter of member
dv, <6m?s dv 26mé/s
0.1 19 or 12 or 0.7
0.2 18 dv'. 12 dVv amoes8
0.3 17 12 0.8
04 17 11 0.8
05 16 11 0.8

NOTE: Onrelieving areasuse V_ instead of V

Table 7. Shielding factor n

The solidity ratio of the trussisthe ratio of the net areato the overal area
of the truss,

(2) For the leeward truss of a superstructure with two trusses the drag
coefficient shall be'taken asnC,. Vaues of n are givenin table 7.

Spacingratio | Valueof n for solidity ratio of:
0.1 0.2 0.3 04 0.5
Lessthanl | 1.0 0.90 0.80 0.60 0.45
2 1.0 020 0.80 0.65 0.50
3 1.0 0.95 0.80 0.70 0.55
4 1.0 0.95 0:85 0.70 0.60
5 1.0 0.95 0.85 0.75 0.65
6 1.0 0.95 0.90 0.80 0.70
The spacing ratio is the distance between centres of trustess divided by
the depth of the windward truss.
(3) Where a superstructure has more than two trusses, the drag
coefficient for the truss adjacent to the windward truss shall be derived as
specified in (2). The coefficient for all other trusses shall be taken as
equal tothisvalue.
(4)  For the deck construction the drag coefficient C_ shall be taken as
1.1
(b)  Superstructures with live load. The drag coefficient C, for each truss
and for the deck shall be as for the superstructure without live load. C for
unshielded parts of the live load shall be taken as 1.45.
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534

5335 Drag coefficient C_ for parapets and safety fences. 40r the windward
parapet or fence, C_ shall be taken from table 8.

Where there are two parapets or fences on a bridge, the value of Cj fortheleeward
element shall be taken as equal to that of the windward element..\Where there are more
than two parapets or fences the values of C shall be taken from table 8 for the two
elements having the greatest unshielded effect.

Where parapets have mesh panels, consideration shall.be givento the possibility of the
mesh becoming filled with ice. In these circumstances, the parapet shall be considered as
solid.

5.3.3.6 Drag coefficient C for piers. Thedragcoefficient,shall be taken from

table 9. For pierswith cross sections dissimilar to those given in table 9, wind tunnel tests
shall be carried out.

C, shall be derived for each pier, without reduction for shielding.

Nominal longitudinal wind load. The nominal longitudinal wind load P, (in N), taken as

acting at the centroids of the appropriate areas, shall be the more severe of either:

€] the nominal longitudinal wind load on the superstructure, P, , alone; or

1 Ls?

(b) the sum of the nominal longitudinal wind load on the superstructure, P, , and the

1 Lg?

nominal longitudinal wind fead ontheliveload, P, , derived separately, as specified as
appropriatein 5.3.4.1t05.3.4.3.

A/38
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Table 8. Drag coefficient C for parapets and safety fences

a i) Circular sections,dV, <6 1.2
Y
(where V, inm/s and din m) av, >6 0.7
NOTE: On relieving areas use V, instead of V
Flat members with rectangular
— i , . corners, crash barrier rails and
solid parapets 20
<> Square.members diagonal to wind 1.5
gﬁo& Circular stranded cables 1.2
00000
2
o - Rectangular members with
1 F\ ] ! circular corners r> d/12 11%
1
. [\r ] 1 Rectangular members with
circular corners r> d/12 15%
1
d "2 Rectangular members with
circular corners r> d /24 2.1
*For sectionswith intermedi ate proportions, C, may be obtained by interpolation
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Table 9. Drag coefficient C_ for piers

i eight :
Plan shape Cy, for pier ratios of
breadth
t
B 1 2 4 6 10 20 40
WIND !
- D” <4 1.3 14 1.5 16 1.7 19 2.1
1
D 3
— 1 1.3 1.4 15 1.6 1.8 2.0 2.2
—— D 2 1.3 1.4 1.5 1.6 1.8 20 22
— ] 1 12 13 14 /15 16 18 20
— D 14 1.0 1.1 1.2 1.3 1.4 1.5 1.7
—— [ ] 2 08 09/ HOU 11 12 13 14
—— 3 0.8 0.8 0.8 0.9 0.9 1.0 1.2
!
g S}b >4 08 08 08 08 08 09 11
SQUARE
- OR —
OCTAGONAL 1.0 1.1 1.1 1.2 1.2 1.3 1.4
Q 12 SIDED POLYGON 0.7 0.8 0.9 0.9 1.0 1.1 1.3
CIRCLE WITH SMOOTH
SURFACE WHERE 1V, >
6 m2/s 0.5 0.5 0.5 0.5 05 06 0.6
CIRCLE WITH SMOOTH
SURFACE WHERENV, <
6 m?/s. ALSO
CIRGLE WITH ROUGH
SURFACE OR WITH
PROJECTIONS 0.7 0.7 0.8 0.8 0.9 1.0 1.2

NOTE 1. After erection of the superstructure, C shall be derived for a height/breadth ratio of 40.
NOTE 2. For arectangular pier with radiused corners, the value of C derived from table 9 shall be multiplied by (1-1.5r/b) or 0.5, whichever

isgreater.

NOTE 3. For apier with triangular nosings, C, shall be derived as for the rectangle encompassing the outer edges of the pier.

NOTE 4/For a pier tapering with height, C_ shall be derived for each of the unit heights into which the support has been subdivided (see
Note 3 to tables 3ta 5). Mean values of t and b for each unit height shall be used to evaluate t/b. The overall pier height and the mean breadth
of each unit height shall be used to eval uate height/breadth.

NOTE5: Onrelieving areasuse V instead of V.
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5341

where

534.2

where

5343

where

5344

5345

All superstructureswith solid elevation

P .=0.250A.C,

qisasdefined in 5.3.3, the appropriate value of V or V for superstructures
with or without live load being adopted

A, isasdefined in 5.3.3.1.2 and 5.3.3.1.3for thessuperstructure alone

C, isthe drag coefficient for the superstructure (excluding reduction for
inclined webs) as defined in 5.3.3.3,/Mut.not lessthan 1.3.

All trussgirder superstructures

P .=050AC,

qisasdefined in 5.3.3, theappropriate value of V orV_for structures with or
without live load being adopted

A, isasdefinedin 5.3.3.1.4 (a)
C, isasdefined in 5.3.3.4 (a), C_ being adopted where appropriate.
Liveload on all superstructures

P, =05gAC,

g is@asdefined in 5.3.3

A, istheareaof live load derived from the depth d _as given in figure 4 and
the appropriate horizontal wind loaded length as defined in note 1 to table 3.

C,=145

Par apets and safety fences

(@), With vertical infill members, P = 0.8P,

(b) "With two or three horizontal rails only, P, = 0.4P,

(c) With mesh panels, P = 0.6P,

where P, is the appropriate nominal transverse wind load on the element.

Cantilever brackets extending outside main girdersor trusses. P, isthe load

derived from ahorizontal wind acting at 45° to the longitudinal axis on the areas of each
bracket not shielded by afasciagirder or adjacent bracket. The drag coefficient C shall
be taken from table 8.

August 2001

A4l

Volume 1 home page




Downloaded from https://www.standardsforhighways.co.uk on 22-May-2025, BD 37/01 CRO01, published: May-2004

Appendix A Volume 1 Section 3
Composite Version of BS 5400: Part 2 Part 14 BD 37/01

5.34.6 Piers Theload derived from ahorizontal wind acting a
axis of the bridge shall be taken as

PL = qAZCD

longitudinal

where
gisasdefinedin5.3.3

A, isthesolid areain projected elevation
direction (in m?)

C, isthe drag coefficient, taken fro
interchanged.

ward nominal vertical wind load P

535 Nominal vertical wind load. An upwar g
ures shall be derived from

(in N), acting at the centroids of the appropriate

Pv = q ASCL

where
gisasdefinedin5.3.3
A, istheareain plan (in
C_ isthelift coefficient defined
C= o.75%—i 0.20)5

200 H

but 0.15<C,

where

aisth gle of superelevation and the wind inclination to be considered
number in the above equation, irrespective of the inclination and

with superelevation

Note: This figure opplies to all bridge types shown in Figure 4(a)

Figure6. Lift coefficient C_
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536

L oad combination. Thewind loads P, P, and P, shall be considered in combination with

the other loads in combination 2, as appropriate, taking four separate cases:

537

538

(8 P aone

(b) P, incombinationwith+ P

(c) P adone

(d) 0.5P,incombination with P_+ 0.5P,.

Design loads. For design loads the factor y, shall be taken as follows:

Wind considered with For the ultimate For.the serviceability
limit state limit state
(8 erection 11 1.0

(b) dead load plus superimposed
dead load only, and for members

primarily resisting wind loads 14 1.0
(c)  appropriate combination 2 loads 11 1.0
(d) relieving effects of wind 1.0 1.0

Overturning effects. Where overturning effects are being investigated the wind load

shall aso be considered in combination with vertical traffic live load. Where the vertical traffic live
load has arelieving effect, thisload shall be limited to one notional lane or one track only, and
shall have the following value:

539

on highway bridges, not mere than 6kN/m of bridge;

on railway bridges, hot morethan 12kN/m of bridge.

5.3.8.1 Load factor for relieving vertical live load. For live load producing a
relieving effect, y; for both ultimate limit states and serviceability limit states shall be
taken as 1.0.

Aerodynamic effects. Aerodynamic effects shall be taken into account as and when

required by the appropriate DMRB standard or as agreed with the appropriate authority.

February 2002
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54

Temperature

54.1  General. Daily and seasonal fluctuations in shade air temperature, solar radiation, re-
radiation etc, cause the following:

(@ Changesin the effective temperature of a bridge superstructurewhich, in turn
govern its movement.

The effective temperature is a theoretical temperature derived by weighting and adding
temperatures at various levels within the superstructure. Theweighting isin the ratio of
the area of cross-section at the various levels to the total.area of cross-section of the
superstructure. (See a'so Appendix C). Over aperiod of time there will be aminimum, a
maximum, and a range of effective bridge temperature, resulting in loads and/or load
effects within the superstructure due to:

(1) restraint of associated expansionor.contraction by the form of construction
(eg portal frame, arch, flexible pier, elastomeric bearings) referred to as
temperature restraint; and

(2) friction at roller or sliding bearings where the form of the structure permits
associated expansion and coentraction, referred to as frictional bearing restraint.

(b) Differencesin temperature between the top surface and other levelsin the
superstructure. These are referred to as temperature differences and they result in loads
and/or load effects within the superstructure.

Effective bridge temperatures for design purposes are derived from the isotherms of shade air
temperature shown in figures 7 and 8. These shade air temperatures are appropriate to mean sea
level in open country and a 120-year return period.

NOTE 1. It isonly possible to.relate the effective bridge temperature to the shade air
temperature during a period of extreme environmental conditions.

NOTE 2. Daily and seasonal fluctuations in shade air temperature, solar radiation, etc., al'so
cause changes in the temperature of other structural elements such as piers, towers and cables. In
the absence of codified values for effective temperatures of, and temperature differences within,
these elements, appropriate val ues should be derived from first principles.

54.2 Minimum and maximum shade air temper atures. For all bridges, 1 in 120 year
minimum and maximum shade air temperatures for the location of the bridge shall be obtained
from the maps of isotherms shown in figures 7 and 8.

For foot/cycle track bridges; subject to the agreement of the appropriate authority, a return period
of 50 years may be adopted, and the shade air temperatures may be reduced as specified in 5.4.2.1.

Carriageway joints and similar equipment that will be replaced during the life of the structure may
be designed for temperatures related to a 50-year return period and the shade air temperature may
be reduced as specified in 5.4.2.1.

During erection;a 50 year return period may be adopted for al bridges and the shade air
temperatures may be reduced as specified in 5.4.2.1. Alternatively, where a particular erection will
be completed within a period of one or two days for which reliable shade air temperature and
temperature range predictions can be made, these may be adopted.
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54.2.1 Adjustment for a 50-year return period. The minimum shade air
temperature, as derived from figure 7, shall be adjusted by the addition of 2°C.

The maximum shade air temperature, as derived from figure8, shall'be adjusted by the
subtraction of 2°C.

5.4.2.2 Adjustment for height above mean sea level. The values of shade air
temperature shall be adjusted for height above sealevel by subtracting 0.5°C per 100m
height for minimum shade air temperatures and 1.0°C per 100m height for maximum
shade air temperatures.

5.4.2.3 Divergence from minimum shade air temperature. There are locations
where the minimum values diverge from the valuesgiven in figure 7 as, for example,

frost pockets and sheltered low lying areas where the minimum may be substantially
lower, or in urban areas (except London) and coastal sites, where the minimum may be
higher, than that indicated by figure 7. These divergences shall be taken into
consideration. (In coastal areas, values are likely to be 1°C higher than the values given in
figure 7.)

54.3 Minimum and maximum effective bridge temper atures. The minimum and maximum
effective bridge temperatures for different types of construction shall be derived from the minimum
and maximum shade air temperatures by reference to tables 10 and 11 respectively. The different
types of construction are as shown in figure 9. The minimum and maximum effective bridge
temperatures will be either 1in 120 year or 1 in'50 year values depending on the return period
adopted for the shade air temperature.

54.3.1 Adjustment for-thickness of surfacing. The effective bridge temperatures are
dependent on the depth of surfacing on the bridge deck and the values given in tables 10
and 11 assume depths of 40mm far groups 1 and 2 and 100mm for groups 3 and 4. Where
the depth of surfacing differs from these values, the minimum and maximum effective
bridge temperatures may:be adjusted by the amounts given in table 12.

February 2002 Al47

Volume 1 home page




Downloaded from https://www.standardsforhighways.co.uk on 22-May-2025, BD 37/01 CRO1, published: May-2004

Appendix A

Composite Version of BS 5400: Part 2

Volume 1 Section 3
Part 14 BD 37/01

Table 10. Minimum effective bridge temperature

Minimum Minimum effective bridge temperature

shade air

temperature

Type of superstructure
Group 1 Group 2| Group 3 Group 4

°C °C °C °C °C
-24 -26 -25 -19 -14
-23 -25 -24 -18 -13
-22 -24 -23 -18 -13
-21 -23 -22 -17 -12
-20 -22 -21 -17 -12
-19 -21 -20 -16 -11
-18 -20 -19 -15 -11
-17 -19 -18 -15 -10
-16 -18 -17 -14 -10
-15 -17 -16 -13 -9
-14 -16 -15 -12 -9
-13 -15 -14 -11 -8
-12 -14 -13 -10 =7
-11 -13 -12 -10 -6
-10 -12 -11 -9 -6
-9 -11 -10 -8 -5
-8 -10 -9 -7 -4
-7 -9 -8 - 6 -3
-6 -8 -7 -5 -3
-5 -7 -6 -4 -2

Table 11. Maximum effective bridge temperature

Maximum Maximum effective bridge temperature

shade air

temperature

Type of super structure
Group 1 Group 2| Group 3 Group 4

°C °C °C °C °C
24 38 34 31 27
25 39 35 32 28
26 40 36 33 29
27 41 37 34 29
28 42 38 34 30
29 43 39 35 31
30 44 40 36 32
31 45 41 36 32
32 46 42 37 33
33 47 43 37 33
34 48 44 38 34
35 49 45 39 35
36 50 46 39 36
37 51 47 40 36
38 52 48 40 37
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Group Type of construction ' Temperature difference (°C)

Positive temperature difference Reverse temperature difference

1. Steel deck on steel box girders

iinmm surfacing

2. Steel deck on steel truss or plate girders

; L T | [ i
40mm surfacing h, I 0 1

h 0 h
—_[h
:I j 0 ol |

R1°C T=5C hA=0mm

T =6C A= 0.5m

Hon-n I

=
1}
o
v
3
A
]

3. Concrete deck on steel box, truss or plate girders

i100mm surfacing

/—100mm surfacing —\

‘T} k AT R T,
m | T mi C

: 0.2] 13 ; 0.21 35

0.3 16 0.31 5.0

4. Concrete slab or concrete deck on concrete

beams or box girders 3 ‘— T
hy /T
h
i100mm surfacing 1 N1
Faa h,= 0.3k but < 0.15m
23055 b h,= 0.3k but2 0.10m
but £ 0.25m

hy= 0.3k but < (0.1m +

100mm surfacing N surfacing depth in metres)
\ (for thin slabs, h,is limited

T e by h — h,— h
A = = paa o ! ) R T |%L ||
I D1
m T 0.4 45| 1.4] 1.0| 35
<0.2 | 85| 35| 0.5 0.6 |65 1.8] 15| 5.0
0.4 {12.0] 3.0] 1.5 08176 1.7] 15| 6.0
0.6 |13.0| 3.0] 2.0 1.0 /80| 1.5|15] 6.3
> 0.8 |13.5| 3.0| 2.5 >1.5 84| 05| 1.0| 6.5
Figure 9. Temperature difference for different types of construction
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Table 12. Adjustment to effective bridge temperature for deck surfacing

Addition to minimum Addition to maximum
effective bridge effective bridge
temperature temper ature

Deck Surface Group| Group | Group| Group | Group| Group | Group |[Group

1 2 3 4 1 2 3 4

°C °C °C °C °C & °C °C
Unsurfaced 0 0 -3 -1 +4 +2 0 0
Waterproofed# 0 0 -3 -1 +4 +2 +4 +2
40mm surfacing* 0 0 -2 -1 0 0 +2 +1
100mm surfacing* N/A N/A 0 0 N/A N/A 0 0
200mm surfacing* N/A N/A +3 +1 N/A N/A -4 -2

* Surfacing depths include waterproofing.
# Waterproofed deck values are conservative, assuming dark material; theré may be some alleviations when light
coloured waterproofing is used; specialist advice should be sought if required.

54.4 Range of effective bridge temperature. |n determining load effects due to temperature
restraint, the effective bridge temperature at the time the structure is effectively restrained shall be
taken as datum in calculating expansion up to the maximum effective bridge temperature and
contraction down to the minimum effective bridge temperature.

545  Temperature difference. Effects of temperature differences within the superstructure
shall be derived from the data given in figure 9.

Positive temperature differences occur when conditions are such that solar radiation and other
effects cause a gain in heat‘through the top surface of the superstructure. Conversely, reverse
temperature differences occur when cenditions are such that heat islost from the top surface of the
bridge deck as aresult of re-radiation and other effects.

5.4.5.1 Adjustment for thickness of surfacing. Temperature differences are sensitive
to the thickness of surfacing, and the data given in figure 9 assume depths of 40mm for
groups4 and.2 and 100m for groups 3 and 4. For other depths of surfacing different
valueswillapply. Values for other thicknesses of surfacing are given in Appendix C.

5452 Application with effective bridge temperatures. Maximum positive
temperature differences shall be considered to coexist with effective bridge temperatures
at above 25°C (groups 1 and 2) and 15°C (groups 3 and 4). Maximum reversed
temperature differences shall be considered to coexist with effective bridge temperatures
up to 8°C below the maximum for groups 1 and 2, up to 4°C below the maximum for
group 3, and up to 2°C below the maximum for group 4.

The method of deriving temperatures to be used in the calculation of loads and/or load effects
withinthesuperstructureis given in Appendix C.

5.4.6 Coefficient of thermal expansion. For the purpose of calculating temperature effects,
the coefficients of thermal expansion for structural steel and for concrete may be taken as

12x 20%/°C, except when limestone aggregates are used in concrete, when avalue of 9 x 10%°C
shall e adopted for the concrete.
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5.4.7

54.8

Nominal values

5.4.7.1 Nominal range of movement. The effective bridge temperature at the time the
structure is attached to those parts permitting movement shall be takenras datum and the
nominal range of movement shall be calculated for expansion up.to the maximum
effective bridge temperature and for contraction down tothe minimum effective bridge
temperature.

5.4.7.2 Nominal load for temperature restraint.The load dueto temperature restraint
of expansion or contraction for the appropriate effective bridge temperature range (see
5.4.4.) shall be taken as the nominal load.

Where temperature restraint is accompanied by élastic deformations in flexible piers and
elastomeric bearings, the nominal load shall be derived as'specified in 5.4.7.2.1 to
54.7.2.2.

54.7.2.1  Flexureof piers. For flexible piers pinned at one end and fixed at
the other, or fixed at both ends, the load requiredto displace the pier by the
amount of expansion or contraction for/the appropriate effective bridge
temperature range (see 5.4.4) shall be taken as the nominal load.

54.7.22  Elastomeric bearings. For temperature restraint accommodated
by shear in an elastomer, the load required to displace the elastomer by the
amount of expansion or contraction for the appropriate effective bridge
temperature range (see 5:444) shall be taken as the nominal load.

The nominal load:shall be determined in accordance with 5.14.2.6 of BS 5400:
Part 9: Section 9.1: 1983:

5.4.7.3 Nominal‘load for frictional bearing restraint. The nominal load dueto
frictional bearingrestraint shall be derived from the nominal dead load (see 5.1.1), the
nominal superimposed deadload(see 5.2.1) and the snow load (see 5.7.1), using the
appropriate coefficient of friction given in tables 2 and 3 of BS 5400: Part 9: Section 9.1:
1983.

5.4.7.4 ,Nominal effectsof temperature difference. The effects of temperature
difference shall e regarded as nominal values.

Design values

54.8.1», Design range of movement. The design range of movement shall be taken as
1.3 times the.appropriate nominal value for the ultimate limit state and 1.0 times the
nominal value fonthe serviceability limit state.

For.the purpose of this clause the ultimate limit state shall be regarded as a condition
where expansion or contraction beyond the serviceability range up to the ultimate range
would cause collapse or substantial damage to main structural members. Where
expansion or contraction beyond the serviceability range will not have such
consequences, only the serviceability range need to be provided for.
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54.8.2 Design load for temperaturerestraint. For combination 3;y, shall be taken
asfollows:

For the ultimate limit state For the serviceability limit state
1.30 1.00

54.83 Design load for frictional bearing restraint. For combination’s, y, shall be
taken as follows:

For the ultimate limit state For the serviceability limit state
1.30 1.00

54831 Associated vertical design load. The design dead load (see 5.1.2)
and design superimposed dead load.(see 5.2.2) shall be considered in
conjunction with the design lead due to frictionalsbearing restraint.

54.84 Design effects of temperature difference. For combination 3, y, shall be
taken as follows:

For the ultimate limit state For the serviceability limit state
1.30 0.80

55 Effects of shrinkage and creep, residual stresses, etc. Where it is hecessary to take into account
the effects of shrinkage or creep in concrete, stresses in steehdue to rolling, welding or lack of fit, variations
in the accuracy of bearing levels and simil@r sources of strain arising from the nature of the material or its
manufacture or from circumstances associated with fabrication and erection, requirements are specified in
the appropriate Parts of this standard.

5.6 Differential settlement. Where differential/settlement is likely to affect the structure in whole or
in part, the effects of this shall be taken into account.

56.1  Assessment of differential settlement. In ng the amount of differential movement
to be provided for, the engineer shall take into account the extent to which its effect will be
observed and remedied before damage ensues. The nominal value selected shall be agreed with the
appropriate authority.

5.6.2  Load factors. Thevalues of y, shall be chosen in accordance with the degree of
reliability of assessment, taking account of the general basis of probability of occurrence set out in
Part 1 of this standard.and the provisions for ensuring remedial action.

5.6.3 Design load. Thevalues of y, given below are based on the assumption that the nominal
values of settlement assumed have a 95% probability of not being exceeded during the design life
of the structuréxThe factor y, to be applied to the effects of differential settlement, shall be taken
for all five load combinations as follows:

For the ultimate limit state For the serviceability limit state
1.20 1.00

5.7 Exceptional loads. Where other loads not specified in this standard are likely to be encountered,
eg the effectsiof abnormal indivisible live loads, earthquakes, stream flows or ice packs, these shall be taken
into account. The nominal loading to be adopted shall have a value in accordance with the general basis of
probability of occurrence set out in Part 1 of this standard and shall be agreed with the appropriate authority.
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5.8

5.7.1 Snow load. Snow loading should be considered in accordance withdecal.condition; for
those prevailing in Great Britain, this loading may generally be ignored in combinatiens 1 to 4 (see
4.4.1 to 4.4.4), but there are circumstances, eg for opening bridges or where dead [oad stability is
critical, when consideration should be given to it.

5.7.2 Design loads. For abnormal indivisible live loads, y, shall be taken asspecified for HB
loading (see 6.3.4). For other exceptional design loads, y, shall beassessed in‘accordance with the
general basis of probability of occurrence set out in Part 1 of this standard and shall be agreed with
the appropriate authority.

Earth pressureon retaining structures
581 Filling material

5.8.1.1 Nominal load. Where filling material is retained by abutments or other parts of
the structure, the loads cal culated by soil /mechanics principles from the properties of the
filling material shall be regarded as nominal loads.

The nominal loadsinitially assumed shall be accurately checked with the properties of
the material to be used in construction and, where necessary, adjustments shall be made
to reconcile any discrepancies.

Consideration shall be given to the possibility.that.the filling material may become
saturated or may be removed in whole'or in part from either side of thefill-retaining part
of the structure.

5.8.1.2 Design load. Forall five designlead combinations, y, shall be taken as
follows:

For the ultimate limit state  For the serviceability limit state

Vertical loads 12 1.0
Non-vertical loads 15 1.0

5.8.1.3 Alternative load factor. Where the structure or element under consideration is
such that the application'y, asgivenin 5.8.1.2 for the ultimate limit state causes aless
severe total effect (see 3.2.6) than would be the caseif y, , applied to all parts of the
filling. material, had been taken as 1.0, values of 1.0 shall be adopted.

582 Liveload surcharge. The effects of live load surcharge shall be taken into
consideration.

5.8.2.1 "Nominal load. In the absence of more exact calculations the nominal |oad
due to live load surcharge for suitable material properly consolidated may be assumed to
be
(&), for HA loading: 10kN/mv;
(b) for HB loading
45 units: 20 kN/m? (intermediate values
30 units: 12 kN/m? by interpolation);
(c) for RU loading: 50 kN/m? on areas occupied by tracks,
(d) for RL loading: 30 kN/m? on areas occupied by tracks.

5.8.2.2 Design load. For combinations 1to 5y, shall be as specified in 5.8.1.2.
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59 Erection loads. For the ultimate limit state, erection loads shall be considered in.accordance with
5.9.1t05.9.5.

For the serviceability limit state, nothing shall be done during erection that will'cause damageto the
permanent structure or will alter its response in service from that considered in design.

59.1  Temporary loads

5.9.1.1 Nominal loads. The total weight of all temporary materials, plant and
equipment to be used during erection shall be taken into aceount. This shall be accurately
assessed to ensure that the loading is not underestimated.

5.9.1.2 Design loads. For the ultimate limit/State for combinations 2 and 3, y, shall be
taken as 1.15 except as specified in 5.9.1.3. For the serviceability. [imit state for
combinations 2 and 3, y, shall be taken as 1.00.

5.9.1.3 Rélieving effect. Where any temporary materialshave arelieving effect, and
have not been introduced specifically for thispurpose, they shall be considered not to be
acting. Where, however, they have been so introduced, precautions shall be taken to
ensure that they are not inadvertently removed during the period for which they are
required. The weight of these materialsshall also be accurately assessed to ensure that the
loading is not over-estimated. Thisvalue shall be taken as the design load.

5.9.2 Per manent loads

5.9.2.1 Nominal loads. All dead and superimposed dead loads affecting the structure at
each stage of erection shall.be takeninto ascount.

The effects of the method of erection of permanent materials shall be considered and due
allowance shall beimade for impact loading or shock loading.

5.9.2.2 Design loads. The design loads due to permanent loads for the serviceability
limit state and the ultimate state for combinations 2 and 3 shall be as specified in 5.1.2
and 5.2.2 respectively:

5.9.3 Disposition of permanent and temporary loads. The disposition of all permanent and
temporary loads at all stages of erection shall be taken into consideration and due allowance shall
be made for possible inaccuracies in their location. Precautions shall be taken to ensure that the
assumed disp@sition is maintained during erection.

594  Wind and temperature effects. Wind and temperature effects shall be considered in
accordance with 5.3 and 5.4, respectively.

595 Snow and iceloads. When climatic conditions are such that there is a possibility of
snowfall oref icing, an appropriate allowance shall be made. Generally, a distributed load of 500
N/m? may be taken as adequate but may require to be increased for regions where thereisa
possibility of snowfalls and extremes of low temperature over along period. The effects of wind in
combination with snow loading may be ignored.
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6 HIGHWAY BRIDGE LIVE LOADS

6.1 General. Standard highway loading consists of HA and HB loading.

HA loading is aformulaloading representing normal traffic in Great Britain. HB loading s an abnormal
vehicle unit loading. Both loadings include impact. (See Appendix A for thebasisof HA and HB |oading).

6.2

6.1.1 L oadsto be considered. The structure and its elements shall be designed to resist the
more severe effects of either:

design HA loading (see 6.4.1) or
design HA loading combined with design HB loading (see 6.4.2)

6.1.2 Notional lanes, hard shoulders, etc. The width and a number of notional lanes, and the
presence of hard shoulders, hard strips, verges and central reservesare integral to the disposition of
HA and HB loading. Requirements for deriving the'width.and number of notional lanes for design
purposes are specified in 3.2.9.3. Requirements far reducing HA loading for certain lane widths
and loaded length are specified in 6.4.1.

6.1.3 Distribution analysis of structure. The effects of the design standard loadings shall,
where appropriate, be distributed in accordancewith a rigorous distribution analysis or from data
derived from suitable tests. In the latter case the use of such data shall be subject to the approval of
the appropriate authority.

Type HA loading. Type HA loading consists of a uniformly distributed load (see 6.2.1) and a knife

edge load (see 6.2.2) combined, or of asingle wheel load (see 6.2.5).

6.2.1 Nominal uniformly distributed load (UDL). For loaded lengths up to and including
50m the UDL, expressed in kKN per linear metre of notional lane, shall be derived from the
equation,

W =336f1 \°
L

and for loaded lengths in excess of 50m but |ess than 1600m the UDL shall be derived from the
equation,

W =361}
L

where L isthe leaded length (in m) and W is the load per metre of notional lane (in kN).
For loaded |engths above 1600m, the UDL shall be agreed with the appropriate authority.

Values of the load per linear metre of notional lane are given in table 13 and the loading curveis
illustratedin figure 10.
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Table 13. Type HA uniformly distributed load.

L oaded length Load Loaded length Load Loaded length Load
m kN/m m kN/m m KN/m
2 211.2 55 24.1 370 199
4 132.7 60 23.9 410 19.7
6 101.2 65 23.7 450 19.5
8 834 70 235 490 194
10 71.8 75 234 530 19.2
12 63.6 80 23.2 570 191
14 57.3 85 231 620 18.9
16 52.4 20 23.0 670 18.8
18 48.5 100 22.7 730 18.6
20 45.1 110 225 790 185
23 41.1 120 22.3 850 18.3
26 37.9 130 221 910 18.2
29 35.2 150 21.8 980 18.1
32 33.0 170 215 1050 18.0
35 31.0 190 21.3 1130 17.8
38 294 220 21.0 1210 17.7
41 279 250 20.7 1300 17.6
44 26.6 280 20.5 1400 174
47 255 310 20.3 1500 17.3
50 24.4 340 20.1 1600 17.2

NOTE. Generally, the loaded length for the member under consideration shall be the full base length of the adverse
area (see 3.2.5). Where there is more than one adverse area, asfor example in continuous construction, the
maximum effect should be determined by consideration of the adverse area or combination of adverse areas using
the loading appropriate to the full base length or the sum of the full base lengths of any combination of the adverse
areas selected. Where the influence line has a cusped profile and lies wholly within atriangle joining the
extremities of its base to its maximum ardinate, the base length shall be taken as twice the area under the influence
line divided by the maximum ordinate (see figure 1.1).

6.2.2 Nominalknife edge load (KEL). The KEL per notional lane shall be taken as 120 kN.

6.2.3 Distribution. TheDL and KEL shall be taken to occupy one notional lane, uniformly
distributed over the full width of the lane and applied as specified in 6.4.1.

6.24  Dispersal. No allowance for the dispersal of the UDL and KEL shall be made.
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6.2.5 Single nominal wheel load alternativeto UDL and KEL . Oned00 kN wheel, placed
on the carriageway and uniformly distributed over a circular contact area assuming an, effective
pressure of 1.1 N/mm? (ie 340mm diameter), shall be considered.

Alternatively, a square contact areamay be assumed, using the same'effective pressure (ie 300mm
side).

6.2.6 Dispersal. Dispersal of the single nominal wheel load at a spread-to-depth ratio of 1
horizontally to 2 vertically through asphalt and similar surfacing may be assumed, whereitis
considered that this may take place.

Dispersal through structural concrete slabs may be taken at a spread-to-depth ratio of 1 horizontally
to 1 vertically down to the neutral axis.

6.2.7  Design HA loading. For design HA load considered alone,y, shall be taken as follows:

For the ultimate For theserviceability

limit state limit state
For combinations 1 1.50 1.20
For combinations2 & 3 1.25 1.00

Where HA loading is coexistent with HB loading (see 6.4.2), , , as specified in 6.3.4, shall be
applied to HA loading.

6.3 Type HB loading. For all public highway bridges in Great Britain, the minimum number of units
of type HB loading that shall normally be considered 1530, but,his number may be increased up to 45 if so
directed by the appropriate authority.

6.3.1 Nominal HB loading. Figure 12 shows the plan and axle arrangement for one unit of
nomina HB loading. One unit shall be taken as equal to 10 kN per axle (ie 2.5 kN per whedl).

The overall length of the HB vehicle shall‘be taken as 10, 15, 20, 25 or 30 m for inner axle
spacings of 6, 11, 16, 21 or 26 m.respectively, and the effects of the most severe of these cases shall
be adopted. The overall width shall be taken as 3.5m. The longitudinal axis of the HB vehicle shall
be taken as parallel with the lane markings.

6.3.2 Contact area. Nominal HB wheel loads shall be assumed to be uniformly distributed
over acircular contact area, assuming an effective pressure of 1.1 N/mm?.

Alternatively, asquare contact area may be assumed, using the same effective pressure.

6.3.3 Disper sal. Dispersal of HB wheel loads at a spread-to-depth ratio of 1 horizontally to 2
vertically through asphalt and similar surfacing may be assumed, where it is considered that this
may take place.

Dispersal through structural concrete slabs may be taken at a spread-to-depth ratio of 1 horizontally
to 1 vertically down to the neutral axis.
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Figure 12. Dimensions of HB vehicle
6.34 Design HB loading. For design HB load, y;, shall‘be taken as follows:

For theultimate limit state For the serviceability limit state

For combination 1 1.30 1.10
For combinations2 & 3 1.10 1.00

Application of typesHA and HB loading

6.41  TypeHA loading. Type HA UDL determined for the appropriate loaded length (see Note
under table 13) and type HA KEL Toads shall be applied to each notional lane in the appropriate
parts of the influence line for the element or member under consideration*. The lane |oadings
specified in 6.4.1.1 are intefchangeabl e between the notional 1anes and a notional lane or lanes may
be left unloaded if this causesthe mest severe effect on the member or element under
consideration. The KEL/shall be applied at one point only in the loaded length of each notional
lane.

Where the point under consideration has a different influence line for the loading in each lane, the
appropriate loaded lengthfor each lane will vary and the lane loadings shall be determined
individually.

The lane factors given in 6.4.1.1 shall be applied except where otherwise specified by the
appropriate autherity.

6.4.1.1 HA Lane Factors. The HA UDL and KEL shall be multiplied by the appropriate
factors from table 14 before being applied to the notional lanes indicated.

Where the carriageway has a single notional lane as specified in 3.2.9.3.2, the HA UDL
and KEL applied to that lane shall be multiplied by the appropriate first lane factor for a
notional lane width of 2.50m. The loading on the remainder of the carriageway width
shall be taken as 5kN/m

*|n consideration of local (not global) effects, where deviations from planarity may be critical, the
application of the knife edge without the UDL immediately adjacent to it may have a more severe
effect than with the UDL present.
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Table 14. HA lanefactors

Loaded First lane Second lane Third lane Fourth &
Length L factor factor factor subsequent lane
(m) B, B, B, factor
By
0<L<20 a, a, 0.6 0.60a,
20<L <40 a, a, 0.6 0.6,
40<L <50 1.0 1.0 0.6 0.6
50<L <112 1.0 7.1 0.6 0:6
N<6 VL
50<L <112 1.0 1.0 0.6 0.6
N=>6
L>112 1.0 0.67 0.6 0.6
N<6
L>112 1.0 1.0 0.6 0.6
N=>6

NOTE 1. a, =0.274 b_and cannot exceed 1.0
a,=0.0137 [b_ (40-L) + 3.65 (L-20)]

where b isthe notional lane width (m)

NOTE 2. N shall be used to determine which set.of HA lane factorsis to be applied for loaded lengths in excess of
50m. The value of N isto be taken as the total number of netional lanes on the bridge (this shall include all the
lanes for dual carriageway roads) except that for abridge carrying one-way traffic only, the value of N shall be
taken as twice the number of notional [anes onithe bridge.

6.4.1.2 Multilevel structures. Where multilevel superstructures are carried on
common substructure members (as, eg columns of a multilevel interchange) the most
severe effect at the point under consideration shall be determined from type HA loading
applied in accordance with 6.4.1. The number of notional lanes to be considered shall be
the'total number of lanes, irrespective of their level, which contribute to the load effect at
that point.

6.4.1.3 Transver se cantilever slabs, slabs supported on all four sides and slabs
spanning transver sely. HA UDL and KEL shall be replaced by the arrangement of HB
loading givenin 6.4.3.1.

NOTE: Slabs shall be deemed to cover plates.

6.4.1.4 Combined effects. Where elements of a structure can sustain the effects of live
|oad in two ways, ie as elements in themselves and a so as parts of the main structure (eg
the top flange of abox girder functioning as a deck plate), the element shall be
proportioned to resist the combined effects of the appropriate loading specified in 6.4.2.
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6.4.2

6.4.1.5 Knifeedgeload (KEL). The KEL shall be taken as acting as follows:

(@  Onplates, right slabs and skew slabs spanning or cantilevering
longitudinally: in a direction which has the most severeeffect: The KEL for
each lane shall be considered as acting in asingle linein that lane and having
the same length as the width of the notional 1anéand the intensity set out in
6.4.1. As specified in 6.4.1, the KEL shall be applied at one point.only in the
|loaded length.

(b)  Onlongitudina members and stringers: in adirection parallel to the
supports.

() On piers, abutments and other/members supporting the superstructure: on
the deck, paralel to the line of the bearings.

(d) On cross members, including transverse cantilever brackets: in a direction
in line with the span of the member.

6.4.1.6 Singlewheel load. The HA wheel load'is applied to members supporting
small areas of roadway where the proportion of UDL and KEL that would otherwise be
alocated to it is small.

TypesHA and HB loading combined. TypesHA-and HB loading shall be combined

and applied as follows:

(@  TypeHA loading shall be applied to the notional 1anes of the carriageway in
accordance with 6.4.1, modified as given iny(b) below.

(b)  TypeHB loading shall occupy:.any transverse position on the carriageway, either
wholly within onenotional lane or straddling two or more notional lanes.

Where the HB vehicle lieswholly'within the notional lane (eg figure 13 (1)) or where the
HB vehicle lies partially within a notional lane and the remaining width of the lane,
measured from the side of the HB vehicle to the edge of the notional lane, islessthan 2.5
metres (eg figure 13 (2)(a));.type HB loading is assumed to displace part of the HA
loading in the lane or straddled lanes it occupies. No other live loading shall be
considered for 25 metresin front of the leading axle to 25 metres behind the rear axle of
the HB.vehicle.

The remainder of theloaded length of the lane or lanes thus occupied by the HB vehicle
shall beloaded with HA UDL only; HA KEL shall be omitted. The intensity of the HA
UDL in these lanes shall be appropriate to the loaded length that includes the total length
displaced by the type HB loading with the front and rear 25 metre clear spaces.

Where the HB vehicle lies partially within anotional lane and the remaining width of the
lane, measured from the side of the HB vehicle to the far edge of the notional lane, is
greater or equal to 2.5 metres (eg figure 13(2)(b)), the HA UDL loading in that lane shall
remain but shall be multiplied by an appropriate lane factor for a notional lane width of
2.5 metresirrespective of the actual lane width; the HA KEL shall be omitted.

Only one HB vehicle shall be considered on any one superstructure or on any
substructure supporting two or more superstructures.

Figure 13 illustrates typical configurations of type HA loading in combination with type
HB loading.
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6.4.3

Highway loading on transver se cantilever slabs, slabs supported on all four

sides, slabs spanning transver sely and central reserves. Type HA loading shall be.applied to
the elements specified in 6.4.3.1 and 6.4.3.2.

6.4.3.1 Transverse cantilever dabs, dabs supported on all four sides and slabs
spanning transver sely. These elements shall be so propartioned aste resist the effects of
the appropriate number of units of type HB loading occupying any transverse position in
the carriageway or placed in one notional lane in combination with 30 units of type HB
loading placed in one other notional lane. Proper consideration shall be given to
transverse joints of transverse cantilever slabs and/o the edges.of these slabs because of
the limitations of distribution*.

This does not apply to members supporting these elements.

6.4.3.2 Central reserves. On dual carriageways the portion of the central reserve
isolated from the rest of the carriageway @itherby.araised kerb or by safety fencesis not
required to be loaded with live load in considering the overall design of the structure, but
it shall be capable of supporting 30 units of HB loading.

6.5 Standard footway and cycletrack loading. The live load on highway bridges due to pedestrian
traffic shall be treated as uniformly distributed over footways and cycle tracks. For elements supporting
footways or cycle tracks, the intensity of pedestrian live load shall vary. according to loaded length and any
expectation of exceptional crowds. Reductions in pedestrian liveloadintensity may be made for el ements
supporting highway traffic lanes as well as footways or cycle tracks. Reductions may also be made where
the footway (or footway and cycle track together) hasawidth exceeding two metres.

*  Thisisthe only exception to the rule that not more than one HB vehicle shall be considered to act on a
structure. The 30 unit vehicle isto be regarded as a substitute for HA loading for these elements only.
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Figure 13. Type HA and HB highway loading in combination.

r the value of the HA lane factor () to be taken for each lane.
gth and width of the HB vehicle shall be as specified in 6.3.1.
wise stated, type HA loading includes both uniformly distributed loading (UDL)
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6.5.1 Nominal pedestrian live load

6.5.1.1 Elementssupporting footways or cycletracksonly. The nominal pedestrian
live load on elements supporting footways and cycle tracks anly shall be asfollows:

(@ for loaded lengths of 36 m and under, a uniformly distributed live load of
5.0 KN/m?,

(b) for loaded lengths in excess of 36m,.k x 5.0 KN/m2 where k isthe

nominal HA UDL for appropriate loaded length (in kN/m) x 10
L+270

where L isthe loaded length (in m).

Where the footway (or footway and cycletrack together) has a width exceeding 2m these
intensities may be further reduced by 15% onthe first metre,in excess of 2m and by 30%
on the second metre in excess of 2m. No further reductionfor widths exceeding 4m shall
be made. These intensities may be averaged and applied as a uniform intensity over the
full width of the footway or cycle track.

Special consideration shall be givento the intensity of the pedestrian live load to be
adopted on loaded lengths in excess of 36m where exceptional crowds may be expected.
Such loading shall be agreed with the appropriate authority.

6.5.1.2 Elements supporting footways or cycletracksand a carriageway. The
nominal pedestrian live load on elements supporting carriageway loading as well as
footway or cycle trackdoading shall be taken as 0.8 of the value specified in 6.5.1.1 (a) or
(b) as appropriate, except for [oaded lengths in excess of 400m or where crowd loading is
expected.

Where the footway (or footway and cycle track together) has a width exceeding 2m these
intensities may be further reduced by 15% on the first metre in excess of 2m and by 30%
on the second metre in.excess of 2m. No further reduction for widths exceeding 4m shall
be made. These intensitiesmay be averaged and applied as a uniform intensity over the
full width of footway or cycle track.

Where a main structural member supports two or more notional traffic lanes, the
footways/cycletrack leading to be carried by the main member may be reduced to the
following:

On.footways: 0.5 of the value givenin 6.5.1.1 (a) and (b) as appropriate.
Oncycletracks: 0.2 of thevalue givenin 6.5.1.1 (a) and (b) as appropriate.

Where a highway bridge has two footways and aload combination is considered such
that only one footway is loaded, the reductions in the intensity of footway loading
specified in this clause shall not be applied.

Where crowd loading is expected or where loaded lengths are in excess of 400m, special
consideration shall be given to the intensity of pedestrian live loading to be adopted. This
shall be agreed with the appropriate authority.

Special consideration shall also be given to structures where there is a possibility of
crowds using cycle tracks which could coincide with exceptionally heavy highway
carriageway loading.
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6.6

6.5.2 Liveload combination. The nominal pedestrian live load specified in,6.5.1.2 shall be
considered in combination with the normal primary live load on the carriageway derived and
applied in accordance with 6.4.

6.5.3 Design load. For the pedestrian live load on footways and cycle tracksy, shall be taken as
follows:

For the ultimate limit state For the serviceability limit state

For combination 1 1.50 1.00
For combinations2 & 3 1.25 1.00

For primary live load on the carriageway, y, shall be takeénias specifiedin 6.2.7 and 6.3.4.

Accidental wheel loading. The elements of the structure supporting outer verges, footways or

cycle tracks which are not protected from vehicular traffic by an-effective barrier, shall be designed to sustain
local effects of the nominal accidental wheel loading.

6.6.1 Nominal accidental wheel loading. The accidental wheel loading having the plan, axle
and wheel load arrangement shown in figure 14 shall be selected and located in the position which
produces the most adverse effect on the elements.. Where the application of any wheel or wheels
has arelieving effect, it or they shall be ignored.

6.6.2 Contact area. Nominal accidental wheel loads shall be assumed to be uniformly
distributed over acircular contact aréa, assuming an effective pressure of 1.1 N/mm?. Alternatively,
a square contact area may be assumed, using the same effective pressure.

6.6.3 Dispersal. Dispersal of accidental,wheel loads at a spread-to-depth ratio of 1 horizontally
to 2 vertically through asphalt/@nd similarsurfacing may be assumed, whereit is considered that
this may take place.

Dispersal through structural concreteslabsmay be taken at a spread-to-depth ratio of 1 horizontally
to 1 vertically down to theneutral axis.

6.6.4 Liveload combination. Accidental wheel loading need not be considered in
combinations 2 and 3. No other primary live load is required to be considered on the bridge.

6.6.5  Design load. For accidental wheel loading y, shall be taken as follows:
For the ultimate limit state For the serviceability limit state

For combination 1 1.50 1.20

il
W \

N

|5 Direction of travel

] -

-5 parallel to lane marks
100kN 75kN

Figure 14. Accidental wheel loading
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6.7 L oads due to vehicle callision with parapets.* The local effects of vehicle collision with parapets
shall be considered in the design of elements of the structure supporting parapets by application,of the loads
givenin 6.7.1. In addition, the global effects of vehicle collision with high level of containment parapets

shall be considered in the design of the bridge superstructures, bearings, substructures and retaining walls
and wing walls by application of loads given in 6.7.2. The global effects of vehicle eallision with other types
of parapets need not be considered.

6.7.1 L oads due to vehicle collision with parapets for determining.local effects.

6.7.1.1 Nominal loads. In the design of the elements of the structure supporting
parapets, the following loads shall be regarded as the nominal load effects to be applied
to these elements according to the parapet type and construction.

For concrete parapets (high and normal levels of contalnment):

The calculated ultimate design moment of resistance and the cal cul ated ultimate design
shear resistance of a4.5m length of parapet at the parapet base applied uniformly over
any 4.5m length of supporting element.

For metal parapets (high, normal and low levels of containment):

(@  The calculated ultimate design moment of resistance of a parapet post
applied at each base©f up to three adjacent posts and

(b) thelesser of the following:

(i)  thecalculated ultimate design moment of resistance of a parapet
post divided by the height of the centroid of the lowest effective
longitudinal member. above the base of the parapet applied at each base
of up to any three adjacent parapet posts,

(ii) ~the calculated ultimate design shear resistance of a parapet post
applied at each base of up to any three adjacent parapet posts.

In the case of all high level.of containment parapets, an additional single vertical load of
175 kN shall be applied uniformly over length of 3m. at the top of the front face of the
parapet{ Theloaded length shall be in that position which will produce the most severe
effect,on the member under consideration.

6.7.1.2 Associated nominal primary live load. The accidental wheel loading specified
in 6.6 shall be considered to act with the loads due to vehicle collision with parapets.

6.7.1.3 Load ecembination. Loads due to vehicle collision with parapets for
determining local effects shall be considered in combination 4 only, and need not be
taken as coexistent with other secondary live loads.

* This subclause refers to the load effects resulting from a collision with a parapet, locally on the structural
elementsinthevicinity of the parapet supports and globally on bridge superstructures, bearings, and
substructures and retaining walls and wing walls. Rules for the design of highway parapetsin the United
Kingdom including requirementsfor high level of containment parapets are set out in the appropriate
Standard giveninithe Design Manual for Roads and Bridges (DMRB).
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6.7.2

6.7.1.4 Design load. For determining local effects on elements supporting the
parapet, y, factorsto be applied to the nominal load due to vehicle collision,with the
parapet and the associated nominal primary live load shall be taken as follows:

For the ultimate limit state For the serviceability limit state
Low and Highlevel of Low and Highlevel of
normal levels containment normal.levels containment
of containment of contalnment

For load due to 1.50 1.40 1.20 1.15

vehiclecollision

with parapet.

For associated 1.30 1.30 1.10 1.10

primary liveload

L oads due to vehicle collision with high level of containment par apets for

determining global effects.

6.7.2.1 Nominal loads. In the design of bridge superstructures, bearings, substructures,
retaining walls and wing walls, the follewing nominal impact loads shall be applied at the
top of the traffic face of high level of containment parapets only.

(@ asinglehorizontal transverseload of 500 kN;
(b) asingle horizontal longitudinal load of 100 kN;
(c) asinglevertical load of 175 kN.

The loads shall be applied uniformly over alength of 3 m measured along the line of the
parapet. The loaded length shall bein that position which will produce the most severe
effect on the part of the structure under consideration.

6.7.2.2 Associated nominal primary live load. Type HA and the accidental wheel
loading, shall be considered to act with the load due to vehicle callision on high level of
containment parapets. The type HA and the accidental wheel loading shall be applied in
accordance with'6.4 and 6.6.1, respectively and such that they will have the most severe
effect,on the member under consideration. They may be applied either separately or in
combination.

6(7.2.3», L oad combination. Loads due to vehicle collision with high level of
contalnment-parapets for determining global effects shall be considered in combination 4
only, and need not, be taken as coexistent with other secondary live loads.

6.7.2.4 Design load. The load due to vehicle collision with high level of containment
parapets for determining global effects on bridge superstructures, substructures, non
elastomeric bearings, retaining walls and wing walls need only be considered at the
ultimate limit state. In the case of elastomeric bearings however, the load due to vehicle
collision with high level of containment parapet for determining global effects should
only be considered at the serviceability limit state. They, valuesto be applied to the
nominal load due to vehicle collision with high level of containment parapets and the
associated nominal primary live load shall be taken as follows:
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Massive structuresLight* structures

For loads due to vehicle collision with parapets: For the ultimate limit state

On bridge superstructure and non-elastomeric bearings  1.25 1.4*
On bridge superstructures and wing and retaining walls¢ 1.0 1.4*
For associated primary live loads 1.25 1.25

Massive structures  Light structures

For loads due to vehicle collision with parapets: For the serviceability limit state

On elastomeric bearings 10 1.0
For associated primary live loads 1.00 1.00
6.8 Vehicle callision loads on highway bridge supports and super structures. The design of

highway bridgesfor vehicle callision loads shall e in accordance with the appropriate Standard given in the
DMRB. Thefollowing Clauses 6.8.1 to 6.8.6 may still be applicable in certain circumstances where agreed
with the appropriate authority, see also 7.2.

6.8.1

Nominal loads on supports. The nominal loads are given in table 15 together with their

direction and height of application, and shall be considered as acting horizontally on bridge
supports. All of the loads given in table 15 shall be applied concurrently. The loads shall be
considered to be transmitted from the safety fence provided at the supports with residual loads
acting above the safety fence.

Table 15. Collision loads on supportsof bridges over highways

Load normal to the Load parallel to the Point of application
carriageway below carriageway below on bridge support
Load transmitted from | kN kN Any one bracket
safety fence 150 50 attachment point or
for free-standing
fences, any one
point 0.75m above
carriageway level
Residual load above 100 100 At the most severe
safety fence point between 1m
and 3m above
carriageway level
*NOTE: They, valueof 1.4 shall only be used for small and light structures (such as some

wingwalls cantilevered off abutments, low light retaining walls, very short span bridge decks)
where the attenuation of the collision loads is unlikely to occur. For other structures, account may
be taken of the dynamic nature of the force and its interaction with the mass of the structure by
application of the reduced y, values given above.
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6.9

6.8.2 Nominal load on superstructures. A single nominal load of 50&N shall be considered
to act as a point load on the bridge superstructure in any direction between the horizenal and the
vertical. The load shall be applied to the bridge soffit, thus precluding a downward vertical
application. Given that the plane of the soffit may follow a superelevated or non-planar form, the
load can have an outward or inward application.

6.8.3  Associated nominal primary live load. No primary live load is required to be
considered on the bridge.

6.8.4 L oad combination. Vehicle collision loads on supports and-on superstructures shall be
considered separately, in combination 4 only, and need not be taken as coexistent with other
secondary live loads.

6.8.5 Design load. For al elements excepting elastomeric bearings, the effects due to vehicle
collision loads on supports and on superstructures need only be considered at the ultimate limit
state. The'y, to be applied to the nominal loads shall havea.value of 1.50.

For elastomeric bearings, the effects due to vehicle collisionloads on supports and on
superstructures should be only considered at the serviceability limit state. The'y, to be applied to
the nominal loads shall have avaue of 1.0.

6.8.6 Bridges crossing railway track, canals or navigable water. Collision loading on
bridges over railways, canals or navigable water shall-be asagreed with the appropriate authority.

Centrifugal loads. On highway bridges carrying carriageways with horizontal radius’ of curvature

less than 1000m, centrifugal loads shall be applied in any two notional lanes in each carriageway at 50m
centres. If the carriageway consists of one notienal |ane only, centrifugal loads shall be applied at 50m
centresin that lane.

6.9.1 Nominal centrifugal load. A nominal centrifugal load F_shall be taken as:

F_ = 40000 kN
r+ 150

wherer isthe radius of curvature of the lane (in m). A nominal centrifugal load shall be considered
to act asapoint load, acting in aradial direction at the surface of the carriageway and paralldl to it.

6.9.2  Associated nominal primary live load. With each centrifugal load there shall also be
considered a vertical liveload of, 400 kN, distributed over the notional lane for alength of 6m.

6.9.3 Liead eembination. Centrifugal loads shall be considered in combination 4 only and need
not be taken as coexistent with other secondary live loads.

6.9.4 Design load. Far the centrifugal loads and primary live loads, y, shall be taken as
follows:

For the ultimate limit state For the serviceability limit state

1.50 1.00
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6.10

Longitudinal load. Thelongitudinal load resulting from traction or braking/of vehicles shall be

taken as the more severe design load resulting from 6.10.1, 6.10.2 and 6.10.5, applied at the road surface and
parallel to it in one notional lane only.

6.11

6.10.1 Nominal load for type HA. The nominal load for HA shall be 8kN/m of loaded length
plus 250 kN, subject to a maximum of 750 kN, applied to an area ane notionallane wide x the
loaded length.

6.10.2 Nominal load for type HB. The nominal load for HB_shall be 25% of the total nominal
HB load adopted, applied as equally distributed between the'eight wheels of 2 axles of the vehicle,
1.8m apart (see 6.3).

6.10.3 Associated nominal primary liveload. Type HAwer HB 1oad; applied in accordance
with 6.4, shall be considered to act with longitudinal |oad as appropriate.

6.10.4 Load combination. Longitudinal load shallbeconsidered in combination 4 only and
need not be taken as coexistent with other secondary live loads.

6.10.5 Design load. For the longitudinal and primary liveload y, shall be taken as follows:
For the ultimatelimit state For the serviceability limit state

For HA load 1.25 1.00
For HB load 1.10 1.00

Accidental load due to skidding. On straight and curved bridges a single point load shall be

considered in one notional lane only, acting in.any direction on.and parallel to, the surface of the highway.

6.12
standard.

6.13

6.11.1 Nominal load. The nominal |oad shall be taken as 300 kN.

6.11.2 Associated nominal primary liveload. Type HA loading, applied in accordance with
6.4.1, shall be considered to act withithe accidental skidding load.

6.11.3 Load combination. Accidental load due to skidding shall be considered in combination 4
only, and need not be taken as coexistent with other secondary live loads.

6.11.4 Designload. For the skidding and primary live load y, shall be taken as follows:
For the ultimate limit state For the serviceability limit state
1.25 1.00

L oading for fatigue investigations. For loading for fatigue investigations, see Part 10 of this

Dynamic loading on highway bridges. The effects of vibration due to live load are not normally

required to be considered. However, special consideration shall be given to dynamically sensitive structures.
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7. FOOT/CYCLE TRACK BRIDGE LIVE LOADS

7.1 Standard foot/cycle track bridge loading. The live load due to pedestrian traffic on bridges
supporting footways and cycle tracks only shall be treated as uniformly distributed. The intensity of
pedestrian live load shall vary according to loaded length and any expectation of exceptional crowds.

711 Nominal pedestrian live load. The nominal pedestrian live lead on foot/cycle track
bridges shall be asfollows:

(@ for loaded lengths of 36m and under, a unifarmly: distributed live load of 5.0
KN/m?;

(b) for loaded lengths in excess of 36m, k X 5.0 kN/m? where k isthe

nominal HA UDL for appropriate loaded length (in kN/m) x 10
L+270

where L isthe loaded length (in m).

Special consideration shall be given to the intensity of the live load to be adopted on loaded lengths
in excess of 36m where exceptional crowds may be expected (as for example, where afootbridge
services a sports stadium). Consideration'shall aso be given to horizontal dynamic loading due to
crowds when the fundamental horizontal natural frequency of the loaded bridge islessthan 1.5 Hz
(see Appendix B). Such loading shall/be agreed with the appropriate authority.

712 Effectsdueto horizontal loading on pedestrian parapets. In the design of the elements
of the structure supporting pedestriansparapets®, the nominal load shall be taken as 1.4 kN/m length
applied at the top of the parapet’and acting hoerizontally. Thisloading shall be considered to act
with the nominal pedestrian liveload givenin 7.1.1.

713 Design load. For‘the live load on foot/cycle track bridges and for the load on pedestrian
parapets, y, shall be taken as follows:

For the ultimate limit state  For the serviceability limit state

For combination 4 1.50 1.00
For combinations 2 & 3 1.25 1.00
7.2 Vehicle collision loads on foot/eycle track bridge supports and super structures. The design of

foot/cycle track bridge supports for vehicle collision loads shall bein accordance with the appropriate
Standard given in the DMRB. Clauses 6.8.1 and 6.8.3 t0 6.8.6 may still be applicable in certain circumstances
where agreed with.the appropriate authority. For foot/cycle track bridges with minimum new headroom
clearance of 5.7m, vehicle collision loads on superstructures need not be applied. For foot/cycle track bridges
with minimum new headroom clearance of lessthan 5.7m the vehicle collision loads on superstructures given
in Clause 6.8.2 shall not:be applied and the impact requirements shall be obtained from the appropriate
authority.

7.3 Vibration serviceability. Consideration shall be given to vibration that can be induced in foot/
cycle track bridges by resonance with the movement of users and by deliberately induced vibration. The
structure shall be deemed to be satisfactory where its response as calculated in appendix B complies with the
limitationsspecified therein.

* Rulesfor the design of pedestrian parapets in the United Kingdom are set out in the appropriate Standard given in
the DMRB.
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8. RAILWAY BRIDGE LIVE LOAD
8.1 General. Standard railway loading consists of two types, RU and RL.
RU loading allows for al combinations of vehicles currently running or projected to.run on railwaysin the
Continent of Europe, including the United Kingdom, and is to be adopted fopthe designef bridges carrying
main line railways of 1.4m gauge and above.

RL loading is reduced loading for use only on passenger rapid transit railway systems.on lines where main
line locomotives and rolling stock do not operate.

The derivation of standard railway loadingsis given in appendix D.

Nominal primary and associated secondary live loads are as givenin 8.2,

8.2 Nominal loads

821 Load Models

8.21.1 TypeRU loading. Nominal type RU loading consists of four 250 kN
concentrated | oads preceded, and faellowed, by auniformly distributed load of 80 kN/m.
The arrangement of this loading’is as shown in figure 15.
8.2.1.2 Type SW/0loading. Nominal type SW/0 loading consists of two uniformly
distributed loads of 133 kN/m, each 15m long and separated by a distance of 5.3m. The
arrangement of thisloading isas shown in figure 15.

250 250, 250 250 kN

— R —

NO LIMITATION O.Sm‘ 16m ' 16m_| 1.6m_|08m| NO LIMITATION

Figure 15(a) Type RU.loading
Note: See 8.2.3 for additions to this loading for dynamic effects

133kN/m 133kN/m

L 150m J_ 53m _L 150m

- -

yr

Figure 15(b) Type SW/0 loading

Note: See 8.2.3 for additions to this loading for dynamic effects

Figure 15. Type RU loading and Type SW/0 loading
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200 kN

50 kN/m

| 25kN/m

<

[

1 25kN/m |
I -

No limitation

100m No limitation

NOTE: See8.2.3for additions to thisloading for dynamic effects.

Figure 16. Type RL loading

822  TypeRL loading. Nomina type RL loading consists of a single 200 kN concentrated
load coupled with auniformly distributed load of 50 kN/mufer.loaded lengths up to 100m. For
loaded lengths in excess of 100m the distributed nominal load shall be 50 kN/m for the first 100m
and shall be reduced to 25 kN/m for lengths in excess of, 100m, as shown in figure 16.

Alternatively, two concentrated nominal loads, one of 300 kN and the other of 150 kN, spaced at
2.4mintervals along the track, shall be used on deck elements where this gives a more severe
condition. These two concentrated |oads@hall be deemed to include dynamic effects.

8.2.3 Dynamic effects. The standard railway loadings specified in 8.2.1 and 8.2.2 (except the
300 kN and 150 kN concentrated alternative:RL loading) are equivaent static loadings and shall be
multiplied by appropriate dynamic factorste allow. for impact, oscillation and other dynamic
effects including those caused by trackiand wheel irregularities. The dynamic factors given in
8.2.3.1 and 8.2.3.2 shall be adopted, provided that maintenance of track and rolling stock is kept to
areasonable standard.

8.23.1 TypeRU and SW/0 loading. Except as otherwise specified, the dynamic factor
for RU and SW/0 loading appliesto all types of track and shall be as given in table 16.

Table 16. Dynamic¢ factorsfor type RU loading

Dimension L (m) | Dynamic factor for evaluating
bending moment shear
upto 3.6 2.00 1.67
from 3.6 t0 67 0.73+_2.16 082+ 144
(L)°5- 0.2 (L)°5-0.2
over 67 1.00 1.00

In deriving the dynamic factor, L istaken as the length (in m) of the influence line for
deflection of the element under consideration. For unsymmetrical influencelines, L is
twice the distance between the point at which the greatest ordinate occurs and the nearest
end point of the influence line. In the case of floor members, 3m should be added to the
length of the influence line as an allowance for load distribution through track.

The values given in table 17 may be used, where appropriate.
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8.24

These dynamic factors are applicable to full RU and SW/0 loading, Where the deflection
of the bridge iswithin limits set out in UIC Leaflet 776-3R* (in Figure 1 of.which the
expression for 9, for spans between 20 and 100 metres shall be corrected toread o, =
0.56L.118,

For speeds greater than 200 km/h a specia dynamic study.shall be carried out to
determine the dynamic effects in accordance with the requirements of therel evant
authority.

8.2.3.2 TypeRL loading. The dynamic factor for RL loading, when evaluating
moments and shears, shall be taken as 1.20, except for unballasted tracks where, for rail
bearers and single-track cross girders, the dynamic factar shall be increased to 1.40.

The dynamic factor applied to temporary works may be reduced to unity when rail traffic
speeds are limited to not more than 25 km/h.

Dispersal of concentrated loads. Concentrated loads applied to the rail will be

distributed both longitudinally by the continuous rail to.more than one sleeper, and transversely
over acertain area of deck by the sleeper and ballast.

It may be assumed that only two-thirds of aconcentrated [oad applied to one sleeper will be
transmitted to the bridge deck by that slegper, and that the remaining one-third will be transmitted
equally to the adjacent sleeper on either side.

Where the ballast depth is at least 200mm, it may be assumed that only half of a concentrated load
applied to one sleeper will be transmitted to the bridge deck by that sleeper, and that the remaining
half will be transmitted equally to the adjacent sleeper on either side.

Table 17. Dimension L used in calculating the dynamicfactor for RU loading.

Dimension L
Main girders:
simply supported span
continuous For 2, 3,4, 5and more spans 1.2, 1.3, 1.4, 1.5 x mean span, but at
least the greatest span
portal frames and arches Y% span
Floor members:
simply supported rail bearers cross girder spacing plus 3m
cross girdersidoaded by simply Twice the spacing of cross girders plus 3m
supported rail bearers
end cross girdersar trimmers am
cross girders loaded by continuous | The lesser of the span of the main girders and twice the main girder
deck elements.and any elementsin | spacing
acontinuous deck system

*Leaflet 776-3R (1989 Edition) published by UIC, 16 rue Jean Rey, F, 75015, Paris, France.

August 2001

AlT5

Volume 1 home page




Downloaded from https://www.standardsforhighways.co.uk on 22-May-2025, BD 37/01 CRO1, published: May-2004

Appendix A

Volume 1l Section 3

Composite Version of BS 5400: Part 2 Part 14 BD 37/01

Theload acting on the sleeper under each rail may be assumed to be distributed uniformly over the
ballast at the level on the underside of the sleeper for a distance of 800 mm symmetrically about
the centre line of the rail or to twice the distance from the centre line of the rail to the nearer end of
the sleeper, whichever is the lesser. Dispersal of this load through the ballast onto the supporting
structure shall be taken at 5° to the vertical.

The distribution of concentrated |oads applied to atrack not supported.on ballast shall be
calculated on the basis of the relative stiffnesses of the rail, its support on.the bridge deck and the
bridge deck itself.

In designing the supporting structure for the loads transmitted from the sleepers, distributed as set
out above, any further distribution arising from the type of construction of the deck may be taken
into account.

8.25 Deck plates and similar local elements. Irrespective of the calculated distribution of
axle loads, all deck plates and similar local elements shall-be designed to support a nominal load of
250 kN for RU loading and 168 kN for RL loading at.any point of support of arail. These loads
shall be deemed to include all allowances for dynamie effects and lurching.

8.2.6  Application of standard loadings.

8.2.6.1 TypeRL Loading. RL loading shall be applied to each and every track as
specified in 4.4. Any number 0f lengths of-the distributed load may be applied, but the
total length of 50 kN/m intensity shall/not exceed 100m on any track. The concentrated
loads shall only be applied once per.track for any point under consideration.

8.2.6.2 TypeRU Loadings: For bridges carrying one or two tracks, RU loading shall
be applied to each track as specified in 4.4. For bridges carrying more than two tracks,
RU loading shall be‘@pplied as specified by the relevant authority.

8.2.6.3 Type SW/O leading. For/continuous bridges, SW/0 loading shall be applied as
specified in 4.4 as an additional and separate load case to the requirements of 8.2.6.2.
SW/0 loading shall.be applied in accordance with the requirements of the relevant
authority.

There isno requirement for SW/0 loading to be considered in any fatigue check.

Thereis no requirement for SW/0 loading to be repeated along the length of atrack.
SW/O0 loading shall beapplied without curtailment, even though part(s) of the load model
maly have relieving effects.

8.2.7 L urching. Lurching results from the temporary transfer of part of the live loading from
one rail ‘to another, the total track load remaining unaltered.

The dynamie.factor applied to RU loading will take into account the effects of lurching, and the
load to be considered acting on each rail shall be half the track load.

The dynamic factor applied to RL loading will not adequately take account of all lurching effects.
To allow for this, 0.56 of the track load shall be considered acting on one rail concurrently with
0.44 of the track.load on the other rail. This redistribution of load need only be taken into account
onone track where members support two tracks. Lurching may be ignored in the case of elements
that support load from more than two tracks.
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8.2.8 Nosing. An alowance shall be made for lateral 1oads applied by trainsto the track. This
shall be taken as asingle nominal load of 100 kN, acting horizontally in eitherdirection at right
anglesto the track at rail level and at such a point in the span as to produce the maximumeeffect in
the element under consideration.

The vertical effects of thisload on secondary elements such as rail/bearers shall. be considered. For
elements supporting more than one track a single load, as specified, shall be deemed. sufficient.

8.29 Centrifugal load. Where the track on a bridge is curved, allowance for centrifugal action
of moving loads shall be made in designing the elements, all‘tracks onithe strueture being
considered occupied. The nominal centrifugal load F, in kN, per track acting radially at a height of
1.8m aboverail level shall be calculated from the following formula:

F =P(v, +10)°x f
127r

where

P isthe static equivalent uniformly distributed load for bending moment when
designing for RU loading; for.RL loading, adistributed load of 40 kN/m multiplied
by L is deemed sufficient.

r isthe radius of curvature (in m)

Vv isthe greatest speed envisaged on the curve in question (in km/h)

— W-1201 J 814 ) /zssl
f 1-[ 1500 H: = +1.75]>{1 i

for L greater than,2.88m and v, over 120 km/h
= unity fonL lessthan 2.88 m or v, less than 120km/h
L isthe loaded length of the element being considered.

8.2.10 Longitudinal loads. Provision shall be made for the nominal loads due to traction and
application of brakes as given in table 18. These |oads shall be considered as acting at rail level in a
direction parallel to the tracks:No addition for dynamic effects shall be made to the longitudinal
loads cal cul ated as specified in this subclause.

For bridges supporting ballasted track, up to one-third of the longitudinal loads may be assumed to
be transmitted by the track.to resistances outside the bridge structure, provided that no expansion
switches or similar rail discontinuities are located on, or within, 18m of either end of the bridge.

Structures and elements carrying single tracks shall be designed to carry the larger of the two loads
praduced by traction.and braking in either direction parallel to the track.

Where a structure or element carries two tracks, both tracks shall be considered as being occupied
simultaneously. Where the tracks carry traffic in opposite directions, the load due to braking shall
be applied to one track and the load due to traction to the other. Structures and elements carrying
two tracks in the same direction shall be subjected to braking or traction on both tracks, whichever
givesthe greater effect. Consideration, however, may have to be given to braking and traction,
acting.in opposite directions, producing rotational effects.

Where elements carry more than two tracks, longitudinal loads shall be considered as applied
simultaneously to two tracks only.
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8.2.11 Aerodynamic effects from passing trains. Provision shall be made fer the nominal
loads due to aeodynamic effects from passing trains. The requirements shall be agreed with the

relevant authority.

8.3 L oad combinations. All loads that derive from rail traffic, including dynamic effects, lurching,
nosing, centrifugal load and longitudinal loads, shall be considered in combinations 1, 2:and 3.

In ng combination 3, the combined response of the structure and the track to.the longitudinal loads set
out in 8.2.10, the thermal effects in the combined structure and track system and othen effects such as creep
and shrinkage, where appropriate, shall be considered. The requirements shall be agreed with the relevant

authority.

Table 18. Nominal longitudinal loads

Standrd Load Longitudinal
loading arising L oaded length o adg(kN)
type from (m)
upto3 150
Traction
(30% of from3to5 225
load on
driving from5to7 300
wheels)
RU from 7 to 25 24 (- 7) + 300
over 25 750
upto3 125
Braking
(25% of from3to 5 187
load on
braked from5to7 250
wheels)
over 7 20(L-7)+250
upto8 80
Traction
(30% of from 81to 30 10kN/m
load on
driving from'30 to 60 300
wheels)
RL from 60 to 100 5KkN/m
over 100 500
Braking upto8 64
(25% of
load on from 8 to 100 8 kN/m
braked
wheels) over 100 800
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8.4

8.5

Design loads. For primary and secondary railway live loadsy, shall be taken asfollows:
For the ultimate limit state For the serviceability limit state

Combination 1 1.40 1.10
Combination 2 and 3 1.20 1.00

Derailment loads. Railway bridges shall be so designed that they do not.suffer excessive damage

or become unstable in the event of a derailment. The following conditions shall be taken into consideration.

(@ For the serviceahility limit state, derailed coaches or light wagons remaining close to the
track shall cause no permanent damage.

(b)  For the ultimate limit state, derailed locomotives or heavy Wagons remaining close to the
track shall not cause collapse of any major element, but local damage may be accepted.

(c)  For overturning or instability, alocomotive and one following:wagon balanced on the
parapet shall not cause the structure as awhole to overturn, but other damage may be accepted.

Conditions (a), (b) and (c) are to be considered separately and their effects are not additive. Design loads
applied in accordance with 8.5.1 and 8.5.2 for types RWand RL loading, respectively, may be deemed to
comply with these requirements.

85.1 Design load for RU loading. The following equivalent static loads, with no addition for
dynamic effects, shall be applied.

(@  For the serviceability limit state, either

(1) apair of paralel vertical line loads of 20 kN/m each, 1.4m apart, parallel to
the track and applied anywhere within 2 m either side of the track centre line; or

(2) anindividual eoncentrated vertical load of 100 kN anywhere within the
width limits specified in(1).

(b)  For the ultimate limit state, eight individual concentrated vertical loads each of 180
kN, arranged on two lines 1.4 m apart, with each of the four loads 1.6m apart on line,
applied.anywhere on the deck.

(c) £ For overturning.or instability, asingle line vertical load of 80 kN/m applied along
the'parapet or outermost edge of the bridge, limited to a length of 20m anywhere along
thee span.

L oads specified in'(a) and.(b) shall be applied at the top surface of the ballast or other deck
covering and may be assumed to disperse at 30° to the vertical onto the supporting structure.

8.52 Design. load for RL loading. The following equivalent static |oads, with no addition for
dynamic effects, shall be applied.

(@), For the serviceability limit state, either

(1) apair of parallel vertical lineloads of 15 kN/m each, 1.4 m apart, parallel to
the track and applied anywhere within 2 m either side of the track centre line (or
within 1.4 m either side of the track centre line where the track includes a
substantial centrerail for electric traction or other purposes); or
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(2) anindividua concentrated vertical load of 75 kN anywhere within the width
limits specified in (1).

(b)  For the ultimate limit state, four individual concentratéd verticalloads each of 120
kN, arranged at the corners of arectangle of length 2.0 m and width 1.4 m, applied
anywhere on the deck.

(c)  For overturning and instability, asingle line vertical load of 30 kN/m, applied
along the parapet or outermost edge of the bridge, limited to alength of 20 m anywhere
along the span.

Loads specified in (a) and (b) shall be applied at the top surface of the ballast or other deck
covering and may be assumed to disperse at 30° to the yertieal. onto the supporting structure.

8.6 Coallision load on supports of bridges over railways*. The collisionload on supports of bridges
over railways shall be as agreed with the appropriate authorities:

8.7 Loading for fatigue investigations. All elements of bridges subject to railway loading shall be
checked against the effects of fatigue caused by repeated cycles of live loading. The number of load cycles
shall be based on alife expectancy of 120 years for bridges intended as permanent structures. The load factor
to be used in all cases when considering fatigue is 1.0:

For RU and RL loading the 120-year load spectrum, which has been.cal culated from traffic forecasts for the
types of line indicated, shall be in accordance with Part 10 of this standard.

8.8 Deflection Requirements. The deflection limits (vertical, lateral, longitudinal, rotational) for
railway bridges shall be as specified by the relevant authority.

8.9 Footway and cycletrack loading on railway, bridges. The requirements of 6.5.1.1 and 6.5.1.2
shall apply to railway bridges except that where reference is made to notional traffic lanesin 6.5.1.2 this
shall be taken as referring instead to4ailway tracks. The nominal pedestrian live load specified in 6.5.1.2
shall be considered in combination with the nominal primary live load on the railway track. To determine
design loads, y, to be applied to thenominal feads shall be as specified in 6.5.3 and 8.4 respectively.

* Requirements for the supports of bridges over highways and waterways are specified in 6.8.

A/80

August 2001

Volume 1 home page




Downloaded from https://www.standardsforhighways.co.uk on 22-May-2025, BD 37/01 CRO1, published: May-2004

Volume 1 Section 3 Appendix A
Part 14 BD 37/01 Composite Version of BS 5400: Part 2

APPENDIX A

BASISOF HA AND HB HIGHWAY LOADING

Type HA loading has been revised to take into account the results of recent research’into the factors affecting
loading, the large increase in the numbers of heavy goods vehicles and a better understanding ofithe loading
patterns on long span bridges. The type HA loading is the normal design loading for Great Britain where it
adequately covers the effects of all permitted normal vehicles* other than those used for the carriage of abnormal
indivisible loads.

For short loaded lengths, the main factors which influence the loading are impact, everloading and lateral

bunching. Research has shown that the impact effect of an axle on highway bridges can be as high as 80% of the
static axle weight and an allowance of this magnitude was made in deriving the HA loading. The impact factor was
applied to the highest axle load and only included in the single vehicle loading case. The amount of overloading of
axle and vehicle weights was determined from a number of roadside surveys. The overloading factor was taken as a
constant for loaded lengths between 2 and 10m reducing linearly ffom 10m tounity at aloaded length of 60m,
where, with up to seven vehiclesin convoy it could reasonably be expected that any overloaded vehicles would be
balanced by partially laden ones. Allowance has also been made for the case where more than one line of vehicles
can sgqueeze into traffic lane. The factor was based on the ratio of the standard lane width, 3.65m, to the maximum
permitted width of normal vehicles* which is2.5m. The HA leading is therefore given in terms of a 3.65m

standard lane width and corresponding compensating width factors have been provided to allow for the cases where
the actual 1ane widths are |less than the standard lane width. The leading derived after application of the factors was
considered to represent the ultimate load from which nominal |oads were obtained by dividing by 1.5. The loading
has been derived for asingle lane only, but it is assumed for short spans that if two adjacent lanes are loaded there
is areasonable chance that they will be equally |oaded.

There has been a significant increase in the number of heavier vehicles within the overall heavy goods vehicle
population since the loading specified in BS 153 and generally adopted in BS 5400: Part 2 was derived. This has
led to the frequent occurrence of convoys consisting of closely spaced, heavy types of heavy goods vehicles which
has resulted in higher loading effects than wereeriginally envisaged. The maximum weights of norma commercial
vehicles permitted in Great Britain have also tncreased but the effects of this have been limited by restrictions on
axle weights and spacing.

For long loaded lengths, the main factors affecting the loading are the traffic flow rates, percentage of heavy
vehiclesin the flows, frequency of occurrence and duration of traffic jams and, the spacing of vehiclesin ajam.
These parameters were determined by studying the traffic patterns at several sites on trunk roads, by load surveys
at other sites and, where the required data was unobtainable, by estimation. A statistical approach was adopted to
derive characteristic loadings from which nominal loads where obtained. Sensitivity analyses were carried out to
test the significance on the leading of some of the assumptions made.

HB loading requirementsderive from.the nature of exceptional industrial loads (eg electrical transformers,
generators, pressure vessels, machine presses, etc.) likely to use the roads in the area.

*As defined in The' Road Vehicles (Construction and Use) Regulations 1986 (S.I. 1986/1078) and subsequent
amendments and The Road Vehicles (Authorised Weight) Regulations (S.I. 1998/3111) available from HM SO.
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APPENDIX B

VIBRATION SERVICEABILITY REQUIREMENTSFOR FOOT AND CYCLE TRACK BRIDGES

B.1  General. For superstructures for which the fundamental natural frequency of vibration exceeds 5Hz for the
unloaded bridge in the vertical direction and 1.5 Hz for the loaded bridge in the horizantal direction, the vibration
serviceability requirement is deemed to be satisfied.

For superstructures where f_isequal to, or lessthan 5 Hz, the maximum vertical acceleration of any part of the
superstructure shall be limited to 0.5Vf m/s*. The maximum vertical acceleration shall be calculated in accordance
with B.2 or B.3, as appropriate.

A method for determining the vertical fundamental frequency f isgivenin B.2.3.

Where the fundamental frequency of horizontal vibration is less than 1.5 Hz, special consideration shall be given to
the possibility of excitation by pedestrians of lateral movements of unacceptable magnitude. Bridges having low
mass and damping and expected to be used by crowds of people aré particularly susceptable to such vibrations. The
method for deriving maximum horizontal acceleration should be agreed with the appropriate authority.

B.2 Simplified method for deriving maximum vertical acceler ation.This method is valid only for single
span, or two-or-three-span continuous, symmetric superstructures, of constant cross section and supported on
bearings that may be idealised as simple supports.

The maximum vertical acceleration a (in m/s?) shall be taken as
a= 4ref y kg
where

f_isthe fundamental natural frequency/(inHz) (sce B.2.3).
y. isthe static deflection (in m) (see B.2.4.)

k isthe configuration factor (see B.2.5)

Y is the dynamic response factor (see B.2.6)

For values of f_ greater than 4 Hz the calculatedimaximum accel eration may be reduced by an amount varying
linearly from zero reduction at 4 Hz to 70% reduction.at 5 Hz.

B.2.1 Modulusof elagticity. Incalculating the values of f_and y,, the short-term modulus of elasticity shall be
used for concrete (see Parts 7 and 8 of this standard), and for steel as given in Part 6 of this standard.

B.2.2 Second moment of area. In calculating the values of f_and y,, the second moment of area for sections of
discrete concrete membersimay be used on the entire uncracked concrete section ignoring the presence of
reinforcement. The effects of shear lag.need not be taken into account in steel and concrete bridges.

B.2.3 Fundamental natural frequencyf . The fundamental natural frequency f_ is evaluated for the bridge
including superimposed dead.| oad but excluding pedestrian live loading and may be cal culated from the following
formula.

f,= C [Eg
212\ "M

where

g4s the acceleration due to gravity (in m/s?)

Listhelengthof the main span (in m)

C istheconfiguration factor (seetable 19)

E isthe modulus of elasticity (in KN/m?) (see B.2.1)

| isthe second moment of area of the cross section at midspan (in m*) (see B.2.2)
M isthe weight per unit length of the full cross-section at midspan (in kN/m)
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Midspan values of | and M shall be used only when there is no significant change in depthr weight of the bridge
throughout the span. Where the value of I/M at the support exceeds twice, or isless than 0.8 times, the value at
midspan, average values of | and M shall be used.

The stiffness of the parapets shall be included where they contribute to the overall fléxural stiffness of the
superstructure.

Values of C shall be obtained from table 19.

Table 19. Configuration factor C

Bridge configuration Ratio 1/I C
L | N
e ‘ > - n
> 0.25 3.70
AN | ~ | AN 0.50 3.55
. R D 0.75 3.40
100 T
I> 0.25 4.20
0:50 3.90
A AN
A ] L | | 0.75 3.60
) g > > 1.00 n

For two-span and three-span continuous bridges, intermediate val ues of C may be obtained by linear interpolation.
B.2.4 Static deflection y_. The static deflection y_ is taken at the midpoint of the main span for avertical
concentrated load of 0.7 kN applied at this peint. For three-span superstructures, the centre span is taken as the
main span.

B.2.5 Configuration factor K. Values of K shall:be taken from table 20.

Table 20. Configuration factor K

Bridge configuration K
|l > - 1.0
[t |
A A I PAS
e >l > - 0.7
Ratio ||/|
A A A AN
I I 1.0 0.6
{4* : > > : 4 0.8 0.8
0.6 orless 0.9

For three-span continuous bridges, intermediate values of K may be obtained by linear interpolation.
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B.2.6 Dynamic response factor (. Values of g are given in figure 17. In the absence of 4more precise
information, the values of & (the logarithmic decrement of the decay of vibration dueto structural damping) givenin
table 21 should be used.

Table 21. L ogarithmic decrement of decay of vibration &

Bridge superstructure 0

Steel with asphalt or epoxy surfacing 0.03
Composite steel/concrete 0.04
Prestressed and reinforced concrete  0.05

B.3 General method for deriving maximum vertical acceler ation. For superstructures other than those
specified in B.2, the maximum vertical acceleration should be calculated assuming that the dynamic loading
applied by a pedestrian can be represented by a pulsating point load Fmeving across the main span of the
superstructure at a constant speed v, as follows:

F =180sin2rf T (in N), where T isthe time (in s)

v, =0.9f (inm/s)
For values of f_greater than 4 Hz, the cal culated maximum accel eration may. be reduced by an amount varying
linearly from zero reduction at 4 Hz to 70% reductionsat 5 Hz.

B.4 Damagefrom forced vibration. Consideration should be given to the possibility of permanent damage to a
superstructure by a group of pedestrians deliberately causing resonant, oscillations of the superstructure. Asa
general precaution, therefore, the bearings should be of robust construction with adequate provision to resist
upward or lateral movement.

For prestressed concrete construction, resonant oscillation may result in areversal of up to 10% of the static live
load bending moment. Providing that sufficient unstressed reinforcement is available to prevent gross cracking, no
further consideration need be given to thiseffect.
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APPENDIX C
TEMPERATURE DIFFERENCEST FOR VARIOUS SURFACING DEPTHS

Thevaluesof T givenin figure 9 are for 40mm surfacing depths for groups 1 and 2 and 100mm surfacing depths
for groups 3 and 4. For other depths of surfacing, the values given in tables 22 to 24 may be used. In Tables 22 to

Downloaded from https://www.standardsforhighways.co.uk on 22-May-2025, BD 37/01 CRO1, published: May-2004

24 al surfacing depths include waterproofing thickness and values for waterproofed decks are conservative,
assuming dark material. There may be some alleviation when light coloured waterpraofing is used. Specialist
advice should be sought if advantage of thisisrequired. These values are based on the temperature difference
curves developed under various studies by TRL and are generally appropriate and conservative for design
purposes and allow for typical construction configurations, surfacing materials or.colour. In situations where
temperature effects are critical specialist advice should be sought if required.

Table 22a Values of T for group 1

Surface Postive temperature difference °C Rever se
thickness temperature
difference °C
mm T, T, T, T, T,
Unsurfaced 30 16 6 3 8
20 27 15 9 5 6
40 24 14 8 4 6
Table22b Valuesof T for group 2
Surface Positive Reverse
thickness temperature temper ature
difference °C difference °C
mm T, T,
Unsurfaced 25 6
20 23 5
40 21 5
Table 23 Values of T for group 3
Depth Surfacing Positive temperature | Reversetemperature
of slab (h) thickness diffenence difference
T, T,
mm °C °C
0.2 unsurfaced 16.5 59
waterproofed 23.0 59
50 18.0 4.4
100 13.0 35
150 105 2.3
200 8.5 16
0.3 unsurfaced 185 9.0
waterproofed 26.5 9.0
50 20.5 6.8
100 16.0 5.0
150 125 3.7
200 10.0 2.7
A/86 August 2001

Volume 1 home page



Downloaded from https://www.standardsforhighways.co.uk on 22-May-2025, BD 37/01 CRO1, published: May-2004

Volume 1l Section 3
Part 14 BD 37/01

Appendix A

Composite Version of BS 5400: Part 2

Table 24. Valuesof T for group 4

Depth of Surfacing Positive Reversetemperature
dlab (h) thickness temperature difference
difference
T, T, T, T, T, T, T,
m mm °C °C °C °C °C °C °C
<0.2 unsurfaced 12.0 5.0 0.1 4.7 1.7 0.0 0.7
waterproofed | 19.5 85 0.0 4.7 17 0.0 0.7
50 13.2 49 0.3 3.1 10 0.2 1.2
100 8.5 35 0.5 2.0 05 0:5 1.5
150 5.6 25 0.2 11 0.3 0.7 1.7
200 3.7 2.0 0.5 0.5 0.2 1.0 1.8
0.4 unsurfaced 15.2 4.4 1.2 9.0 3.5 0.4 2.9
waterproofed | 23.6 6.5 1.0 9.0 Bi5 04 29
50 17.2 4.6 14 6.4 2.3 0.6 3.2
100 12.0 3.0 15 4.5 1.4 1.0 35
150 8.5 2.0 12 3.2 0.9 14 3.8
200 6.2 1.3 1.0 2.2 0.5 19 4.0
0.6 unsurfaced 15.2 40 14 1148 4.0 0.9 4.6
waterproofed | 23.6 6.0 14 11.8 4.0 0.9 4.6
50 17.6 40 1.8 8.7 2.7 12 49
100 13.0 3.0 2.0 6.5 1.8 15 5.0
150 9.7 2.2 17 49 11 17 5.1
200 7.2 15 15 3.6 0.6 19 5.1
0.8 unsurfaced 154 4.0 2:0 12.8 3.3 0.9 5.6
waterproofed | 23.6 5.0 14 12.8 3.3 0.9 5.6
50 17.8 4.0 2.1 9.8 2.4 12 5.8
100 13.5 3.0 2.5 7.6 1.7 15 6.0
150 10.0 25 2.0 5.8 13 17 6.2
200 75 2.1 15 45 1.0 19 6.0
1.0 unsurfaced 15.4 4.0 2.0 13.4 3.0 0.9 6.4
waterproofed | 23.6 5.0 14 134 3.0 0.9 6.4
50 17.8 4.0 21 10.3 2.1 12 6.3
100 135 3.0 25 8.0 15 15 6.3
150 10.0 2.5 2.0 6.2 11 17 6.2
200 7.5 2.1 15 4.8 0.9 19 5.8
>1.5 unsurfaced 154 45 2.0 13.7 1.0 0.6 6.7
waterpreofed | 23.6 5.0 14 13.7 1.0 0.6 6.7
50 17.8 40 21 10.6 0.7 0.8 6.6
100 135 3.0 25 8.4 0.5 1.0 6.5
150 10.0 25 2.0 6.5 0.4 11 6.2
200 75 2.1 15 5.0 0.3 12 5.6
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Temperaturesfor the calculation of loads and/or load effects
1.  Maximum temperatures:

(@ Determine the maximum effective bridge temperature from figure 8 and table 11. For the purposes of
this example, let its value be X°C.

(b) Determine the positive temperature difference distribution through the superstructure from figure 9.
(c) Assume that the temperature differences which form this distribution are actual temperatures.

(d) Using the assumed actual temperatures derived in (c), the geometry of the superstructure, and
Appendix 1 of TRRL Report LR 765, calculate the effective bridgetemperature. For the purposes of this
example, let itsvalue be Y°C.

(e) Add(X-Y) °Cto al the assumed actual temperatures derived in (c). These are now the temperatures
which co-exist with the maximum effective bridge temperature and positive temperature difference
distribution determined from (a) and (b) respectively, and which are to be used for the calculation of loads
and/or load effects.

2. Minimum temperatures:

Proceed as for the calculation of maximum temperatures, but use figure 7, table 10 and the reversed temperature
difference distributions shown in figure 9. In step (c) reégard the assumed actual temperatures to be NEGATIVE. In
step (€) add (X-Y) °C to all the assumed actual negative temperatures derived in step (¢). These are now the
temperatures which co-exist with the minimum effective bridge temperature and reversed temperature difference
distribution determined from steps (@) and (b) respectively, and which, are to be used for the calculation of loads
and/or load effects.
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APPENDIX D
Derivation of RU and RL railway loadings

D.1 RU loading. Theloading given in 8.2.1 has been derived by a Committee of the International Union of
Railways to cover present and anticipated future loading on railways in Great Britain and on the Continent of
Europe. Mative power now tends to be diesel and electric rather than steam, and this produces axleloads and
arrangements for locomotives that are similar to those used for bogie freight vehicles, freight vehicles often being
heavier than locomotives. In addition to the normal train loading, which can be represented quite well by a
uniformly distributed load of 8 t/m, railway bridges are occasionally subject/to exceptionally heavy abnormal
loads. At short loaded lengths it is necessary to introduce heavier concentrated loads to simulate individual axles
and to produce high end shears. Certain vehicles exceed RU static loading at certain spans, particularly in shear,
but these excesses are acceptable because dynamic factors applied to RU loading assume high speeds whereas
those occasional heavy loads run at much lower speeds.

The concentrated and distributed loads have been approximately converted.into equivalent loads measured in KN
when applying RU loading in this British Standard.

Figure 18 shows diagrams of two locomotives and several wagons all of which, when forming part of atrain, are
covered by RU loading. Double heading of the locomotives has been allowed for in RU loading.

The allowances for dynamic effects for RU loading given'in 8.2.3.1 have been calculated so that, in combination
with that loading, they cover the effects of slow moving heavy, and fastimoving light, vehicles. Exceptional
vehicles are assumed to move at speeds not exceeding 80 km/h /heavy wagons at speeds up to 120 km/h, passenger
trains at speeds up to 200 km/h.

The formulae for the dynamic effects are not to be used.to calculate dynamic effects for a particular train on a
particular bridge. Appropriate methods for this gan be found\by reference to a recommendation published by the
International Union of Railways (UIC), Parisk

Similar combinations of vehicle weight and speed.have to be considered in the calculation of centrifugal loads. The
factor f givenin 8.2.9 allows for the reduction in vehicle weight with increasing speed above certain limits. The
greatest envisaged speed is that which i§ possible for the alignment as determined by the physical conditions at the
site of the bridge.

*Leaflet 776-1R, published by UIC, 16 rue Jean-Rey F, 75015 Paris, France
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B-B LOCOMOTIVE
l 1.50 | 2.00 4.00 2.00 | 1.50 |
To be considered

I I : t Double headed
|

C-C LOCOMOTIVE
1.50, 2.00 | 2.00 4.15 2.00 ,2.00 150

"" e T ""'l To be considéered

: I I I t I Double headed

6 x 222t

WAGONS
| 1.50 | 1.80 3.40 1.80 1.50II | 1.50, 200 5.50 2.00 150I
L 4 x 20t _l %A 4 x 25t N
[ > -
P Ain metres
Weight number of axles N
EXCEPTIONAL WAGONS peraxe | 3 | 4 |5 |6 | 8 10 14
Nis the number of axles in each end 1)
2N is the total number of axles 16 1.2511.45 | 155 | 1.60
t = metric tonnes 17 1.35|/1.60| 1.65 | 1.70
18 1.25(1.45|1.75 | 1.75 | 1.80
o O N D - R BIREET 19 1.35]1.65;1.85| 1.85 | 1.90
D | | A1 1T 20 1.25/1.25[1.45(1.80|1.95 | 2.00 | 2.00
21 1.3011.30 ({1.70(2.00|2.10 | 210 | 2.15
I I I I I : : I 22 1.4011.40(|1.9012.15]2.20 | 220 | 2.25
P PP P P P P P B in metres
e No
N axles variation | 6.00|6.00 {7.00 [8.00(8.00 |10.00 {10.00

Note. Dimensions in metres.

Figure 18. Wagons and locomatives covered by RU loading
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30t

Steam crane 8.18 overall

Tube battery car (62.5t)
16.85 overall
2.71 | 198 | 7.47 ] 198 | 2.71
156 15.9 15.8 15.2

Match wagon 8.59 overall

r*i_l.

O 0O O O 7

O
L

2
a4

127 ] 168 | 183 | 213 | 343 4.27 2.16
[
; y v ! ;
10.9 11.2 14.0 15.1 6.0
| 6t Diesel electric.crane 7.04 overall o
Match wagon 8.59 overall
\
—
—
OO Ol O O
_ 1.88 \ 1.30 ‘ 1.98 J‘ 4.04 ;L 427 J‘ 216
11.7 11.2 1.7 6.0 6.0
20t Hopper wagon
- =
NS, ONN
198 | 3.96 | 196
16.3 16.3

Dimensions are in metres. Axle loads arein tonnes

Figure 19. Workstrains vehicles covered by RL loading
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‘A" motor 'D* motor
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155| 1239 788 [2.39] | 155 155| 239 788 [2.39) 155
154 10.8 105 15.2 13.9 9.7 9.9 145
'A' trailer ‘D' trailer
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1.75 | |2,39 L 7.88 L2'39| 1.75 1.75 _i‘ZASQ i‘ 7.88 _1‘2.39 L 1.75
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‘A 8 car train approx127m.overall ‘i
‘A" motor ‘A trailer 'D' motor H ‘A" motor ”D trailer ||7D motor ” ‘A’ motor ” ‘D' motor l
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Heaviest surface stock
( 'A" motor ] ( ‘D' motor W
(OO (@) @) (OO ‘
213|  [1.91] 8.23 |1.91 1218 213| L9t 8.23 (191|213
I‘ - il l ! I
v vy vy
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1.62| |1.91| 7.57 1.9 [ 1.52
f T
! !
8.2 85 8.5 84
L 7 car train approx. 111m overall
1[ A" motor Trailer \(Non drvg.mtr.) ("D’ motor V[ A motor [ Trailer 'D' motor |
OO0 o0 OO0 [0]®)
Heaviest tube stock
Dimensionsare in metres. Axleloads are in tonnes
Figure 20. Passenger vehicles covered by RL loading
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D.2 RL loading. Theloading specified in 8.2.2 has been derived by the London Transport Executive to cover
present and anticipated loading on lines that only carry rapid transit passenger stock and light engineers' works
trains. Thisloading should not be used for lines carrying ‘main line’ locomotives or stock. Details are included in
this appendix to allow other rapid transit passenger authorities to compare their actual/loading where standard track
of 1.432 m gauge is used but where rolling stock and locomotives are lighter than on'the main line UIC railways.

RL loading covers the following conditions, which are illustrated in figures 19 and 20.

(@ Workstrains. This constitutes locomotives, cranes and wagons used for maintenance purposes.
Locomotives are usually of the battery car type although very occasionally diesel.shunters may be used.
Rolling stock hauled includes a 30t steam crane, 6t diesel cranes, 20t hopper. wagons and bol ster wagons.
The heaviest train would comprise loaded hopper wagons hauled by battery cars.

(b)  Passenger trains. A variety of stock of different ages, loadingsand load gauges is used on surface and
tube lines.

The dynamic factor has been kept to arelatively low constant, irrespective of span, because the heavier loads,
which determine the static load state, arise from works trains which only travel at a maximum speed of about 32
km/h. The faster passenger trains produce lighter axle |loads and a greater margin is therefore available for dynamic
effects.

Loading tests carried out in the field on selected bridges produced the following conclusions.
(@ Maingirders
(1) Works trains produce stresses about 20% higher than static stresses.
(2)  Passenger trains produce stresses about 30% higher than static stresses.

(b) Crossgirdersand rail bearers (away from rail joints). All types of train produce stresses about 30%
higher than static stresses.

(c) Crossgirdersand rail bearersat rail joints

(1) With no ballast, one member carrying all the joint effect (e.g. rail bearer or cross girder
immediately under joint with no distribution effects), all trains can produce an increase over static
stress of up to 27% for each |0km/h of speed.

(2)  With no ballast, but with some distribution effects (e.g. cross girder with continuous rail bearers
or heavy timbers above), all trains can produce an increase over static stress of up to 20% for each 10
km/h of speed!

(3) Withiballasted track, the rail joint effect is considerably reduced, depending on the standard and
uniformity.of compaction of ballast beneath the sleepers. The maximum increase in poorly maintained
track isabout 2% for each 10 km/h of speed.

The equivalent static loading is overgenerous for short loaded lengths. However, it is short members that are most
severely affected by therail joint effect and, by allowing the slight possibility of a small overstress under ballasted
rail joints, it has been found possible to adopt a constant dynamic factor of 1.2 to be applied to the equivalent static
loading.

For the design of bridges consisting of independently acting linear members, the effects of trains are adequately
covered'by the effects of.the basic RL loading system. Recent trends, however, are towards the inclusion of plate
elements as principal deck members, and here the load representation is inadequate. A reinforced concrete slab
deck between steel main girders, for example, will distribute concentrated loads over a significant length of the
main girders and in consequence suffers longitudinal stresses from bending, shear and torsion.
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To cater for this consideration, a check loading bogie has been introduced. This should be Used enly on deck
structures to check the ability of the deck to distribute the load adequately. To alow for dynamic effects, an
addition of 12% per 10 km/h of speed has been made to the heaviest axle, assumed to be at arail jomt, and.an
additional 30% has been made to the other axle of the bogie.

D.3 Useof tables 25 to 28 when designing for RU loading

D.3.1 Simply supported main girdersand rail bearers. Bending moments in simply supported girders are to be
determined using the total equivalent uniformly distributed load given in the tables for the span of the girder,
assuming a parabolic bending moment diagram.

End shears and support reactions for such girders shall be taken from the tables giving end shear forces.

Shear forces at points other than the end shall be determined by using the static shear.force from table 26 for a span
equal to that of the length of shear influence line for the points under consideration. The static shear thus cal culated
shall be multiplied by the appropriate ratio (figure 21) and the result shall.-be multiplied by the dynamic factor for
shear in which L istaken to be the span of the girder.

The shear force at
point X is the end
shear for spana

N multiplisd by 2
‘ End shear from table 26 T
IREEE]
I |:‘”H=;|,;I;”l::.|(“ 1
T
Phydgt
|
- g
L
- -

Figure 21. Shear force determination

D.3.2 Cross girdersloaded through simply:supported rail bearers. The cross girders shall be designed to carry
two concentrated point loadsfor each track. Each of these loads is to be taken as one-quarter of the equivalent
uniformly distributed load for bending moments'shown in table 25 for a span equal to twice the cross girder
spacing, multiplied by the'appropriate dynamic factor.
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Table 25. Equivalent uniformly distributed loadsfor ~ Table 26. End shear forces for simply supported
bending moments for simply supported beams beams (static loading) under RU loading
(static loading) under RU loading

Span Load | Span Load | Span  Load Span  Forcel Spané Force| Span  Force
m kN m kN m kN m kN m kN m kN
1.0 500 8.0 1257 50.0 4918 1.0 252 8.0 729 500 2529
12 500 8.2 1282 52.0 5080 1.2 255 8.2 740 520 2610
14 500 8.4 1306 54.0 5242 14 260 8.4 752 540 2691
16 500 8.6 1330 56.0 5404 16 266 8.6 763 56.0 2772
18 501 8.8 1353 58.0 5566 1.8 278 8.8 774 58.0 2852
2.0 504 9.0 1376 60.0 5727 20 300 9.0 785 60.0 2933
2.2 507 9.2 1399 65.0 6131 22 318 9.2 795 650 3134
2.4 512 94 1422 70.0 6534 24 333 94 806 700 3336
2.6 518 9.6 1444 75.0 6937 26 347 9.6 817 750 3537
2.8 523 9.8 1 466 80.0 7340 28 359 9.8 827 800 3738
3.0 545 | 10.0 1488 85.0 7742 30 371 10.0 837 850 3939
3.2 574 | 11.0 1593 90.0 8144 ( 32 383 11.0 888 90.0 4139
34 601 | 12.0 1695 95.0 8545 34 397 12.0 937 95.0 4340
3.6 627 | 13.0 1793 | 100.0 8947 36 417 13.0 984 | 100.0 4541
3.8 658 | 14.0 1889 | 105.0 9348 38 434 14.0 1030 | 1050 4741
4.0 700 | 15.0 1983 | 110.0 9749, 4.0 450 15.0 1076 | 1100 4942
4.2 738 | 16.0 2075 | 1150 410151 42 465 16.0 1120 | 1150 5142
4.4 773 | 17.0 2165 | 120.0 4 10552 4.4 479 17.0 1165 | 1200 5342
4.6 804 | 18.0 2255 | 125,00 10953 4.6 492 18.0 1208 | 1250 5543
4.8 833 | 19.0 2343 | 13000 11354 48 505 19.0 1252 | 1300 5743
5.0 860 | 20.0 2431 | 1350, 11754 50 520 20.0 1295 [ 1350 5944
5.2 886 | 22.0 2604 | 1400 12155 52 538 22.0 1380 [ 1400 6144
5.4 910 | 240 2775 | 1450/ 12556, 54 556 24.0 1464 | 1450 6344
5.6 934 | 26.0 2944, | 1500 12957 5.6 571 26.0 1548 | 1500 6544
5.8 956 | 28.0 3112 | 1550 13357 538 586 28.0 1631 | 1550 6745
6.0 978 | 30.0 3279 | 1600 13758 6.0 601 30.0 1714 | 1600 6945
6.2 1004 | 320 3445 | 165.0 14158 6.2 615 32.0 179 | 165.0 7145
6.4 1036 | 34.0 3610, 170.0 14559 6.4 629 34.0 1878 | 1700 7345
6.6 1067 | 36.0 3775 | 1750 14959 6.6 642 36.0 1960 [ 1750 7545
6.8 1097 | 380 3939 |'180.0 15360 6.8 656 38.0 2042 | 180.0 7746
7.0 1126 | 400 4103 | 1850 15760 7.0 668 40.0 2123 | 185.0 7946
7.2 1154 (/420 4267, 190.0 16161 7.2 681 42.0 2205 | 1900 8146
7.4 1181 | 44.0 4430 | 1950 16561 74 693 44.0 2286 | 1950 8346
7.6 1207 | 46.0 4593 | 2000 16961 7.6 705 46.0 2367 | 200.0 8546
7.8 1232 (2480 4,755 7.8 717 48.0 2448
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Table 27. Equivalent uniformly distributed loadsfor ~ Table 28. End shear forces for simply supported
bending moments for simply supported beams, beams, including dynamic effects, under RU loading
including dynamic effects, under RU loading

Span Load | Span Load | Span  Load Span  Force| Spané Force| Span  Force

m kN m kN m kN m kN m kN m kN

1.0 1000 8.0 1951 50.0 5136 1.0 421 8.0 997 50.0 2604
12 1000 8.2 1975 52.0 5273 12 427 8.2 1007 520 2676
1.4 1000 8.4 1999 54.0 5411 14 435 8:4 1018 540 2748
1.6 1000 8.6 2022 56.0 5547 16 445 8.6 1028 56.0 2821
1.8 1002 8.8 2044 58.0 5684 1.8 464 8.8 1037 58.0 2893
2.0 1007 9.0 2 066 60.0 5820 20 501 9.0 1047 60.0 2965
2.2 1015 9.2 2088 65.0 6160 22 532 9.2 1057 65.0 3144
24 1024 9.4 2109 70.0 6534 24 557 9.4 1066 70.0 3336
2.6 1035 9.6 2130 75.0 6937 26 579 9.6 1076 750 3537
2.8 1047 9.8 2150 80.0 7340 28 601 9.8 1085 80.0 3738

3.0 1089 | 10.0 2171 85.0 7742 30 621 10.0 1094 85.0 3939
3.2 1148 | 11.0 2268 90.0 8144 f 32 640 11.0 1138 90.0 4139
34 1203 | 120 2359 95.0 8545 34 663 12.0 1181 95.0 4340
3.6 1255 | 130 2447 | 100.0 8947 36 695 13.0 1223 | 100.0 4541
3.8 1293 | 14.0 2531 | 105.0 9348 38 714 14.0 1264 | 1050 4741

4.0 1351 | 15.0 2613 | 1100 9749, 4.0 729 150 1304 | 1100 4942
4.2 1401 | 16.0 2694 | 1150 10151 42 743 16.0 1343 | 1150 5142
4.4 1444 | 170 2773 | 1200 4 10552 44 756 17.0 1383 | 1200 5342
4.6 1481 | 18.0 2851 | 1250 10953 46 768 18.0 1421 | 1250 5543
4.8 1512 | 19.0 2927 | 13000 11354 48 780 19.0 1460 [ 1300 5743

5.0 1541 ( 20.0 3003 | 135.0,, 11754 50 794 20.0 1498 | 1350 5944
5.2 1567 | 220 3153 | 140.0 12155 52 815 22.0 1574 | 1400 6144
5.4 1591 | 240 3301 | 145.0¢ 12556, 54 832 24.0 1649 | 1450 6344
5.6 1613 | 26.0 3447, | 1500 12957 56 849 26.0 1724 | 150.0 6544
5.8 1633 | 280 3592 | 155.0 13357 538 864 28.0 1799 | 155.0 6745

6.0 1652 | 30.0 3736 | 160.0 13758 6.0 878 30.0 1873 | 160.0 6945
6.2 1680 | 320 3878 | 165.0 14158 6.2 892 32.0 1947 | 1650 7145
6.4 1717 | 340 4020, | 170.0 14559 64 905 34.0 2021 | 1700 7345
6.6 1753 | 36.0 4162 | 1750 14959 6.6 917 36.0 2094 | 1750 7545
6.8 1785 | 380 4302 ["180.0 15360 6.8 930 38.0 2167 | 180.0 7746

7.0 1817 | 400 44472 | 1850 15760 7.0 942 40.0 2240 | 1850 7946
7.2 1846 | (420 4582, | 1900 16161 7.2 953 42.0 2313 | 1900 8146
74 1874 | 440 4721 | 1950 16561 7.4 965 44.0 2386 | 195.0 8346
7.6 1900 | 46.0 4860 | 2000 16961 7.6 976 46.0 2459 | 200.0 8546
7.8 1926 |"48.0 4998 7.8 987 48.0 2531
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APPENDIX E
Probability Factor S, and Seasonal Factor
E.1 Probability Factor, S. The basic wind speed as defined in 5.3.2.2.1 has an annual probability of exceedance

of Q =0.02. Tovary the basic wind speed for other annual probabilities of exceedance the basic wind speed should
be multiplied by the probability factor S given by:

E{5 1n(-1n1- Q])}E
@{5—1n ~1n0.98) Q

where
Q isthe required annual risk of exceedance.

This expression corresponds to a Fisher-Tippett Type 1 (FT1) model for dynamic pressure that has a characteristic
product (mode/dispersion ratio) value of 5, which isvalid for the U.K. climate only.

NOTE: S =1.000 for Q = 0.02 corresponding to a mean recurrence interval of 50 years.
S, =1.048 for Q = 0.0083 corresponding to a'mean recurrence interval of 120 years.

E.2 Seasonal Factor, S. For bridges which are expected to be exposed to the wind for specific sub-annual periods
or when particular erection conditions need to be examined the seasonal factor S, may be used to reduce the basic
wind speeds while maintaining arisk of exceedance of Q=0.0Z in the stated period. The basic wind speed V, to be
used in 5.3.2.2.1 isthen obtained as S_times theé wind speed obtained from Figure 2. The seasonal factor S, may
also be used in conjunction with the probablllty factor S for other risks of exceedance Q in the stated perlod
Values are given in Table 29.
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Table 29. Values of seasonal factor S

NOTE: The factor for the
and for the six month s

Sub annual periods
Months
1 month 2 months 4 months
Jan 0.98
0.98
Feb 0.83
0.86 0.98
Mar 0.82
0.83 0.87
Apr 0.75
0.75
May 0.69
0.71
Jun 0.66
0.67 0.73
Jul 0.62
Aug 0.71
Sept 0.82
Oct 0.82
Nov 0.88
Dec 0.94
Jan 0.98
Feb 0.83
Mar 0.82
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APPENDIX F
Topography Factor S/

F1 General. Thefactor S'alowsfor local topographical features such as hills, valleys, cliffs, escarpments or
ridges which can significantly affect the wind speed in their vicinity. Near the summits of hills;.or the crests of
cliffs, escarpments or ridges the wind is accelerated. In valleys or near the foot of cliffs, steep escarpments or
ridges, the wind may be decelerated. Values of S, should be derived for each wind direction considered and used in
conjunction with the corresponding direction factor S,.

F.2  Topography Significance. Where the average slope of the ground does not exceed W = 0.05 within a
kilometre radius of the site, the terrain should be taken as level and the topography factor S should be taken as
unity. When the topography is defined as not significant as defined in Figure3, the terrain may be taken as level
and the topography factor S may be taken as unity, but implementation of the topography:factor will produce a
more accurate assessment.

F3  Altitude. Depending on whether the topography factor, S, is used care should be taken to ensure that the
dtitude factor S, used to determine the site wind speed V, is derived from the appropriate definition of altitude A
in5.3.2.2.3.

F4  Gust Speeds. Thevalueof S, for deriving the maximumwind gust speed where topography needs to be
taken into account, should be taken as:

ST.O

SRE §+S.SDTQH

where

S, isdefinedin F.6

S, isdefinedin5.3.2.4.1
T, isdefinedin 5.3.2.4.2
S, isdefinedin5.3.2.3.1
T,isdefined in5.32.32

F5  Hourly Mean Speeds. Thevalueof S' for deriving the hourly mean wind speed for relieving areas should
be taken as:

S/ =[1+5]
where

S, is defined in E6:
F.6  Topography Features

F6.1 General. Inthevicinity of local topographic features the factor S is afunction of the upwind slope and the
position of the sitérelativeto the summit or crest, and will be within the range of 0 < S, < 0.6. It should be noted
that S will vary with-height-above ground level, from maximum near to the ground reducing to zero at higher
levels, and with position fromthe crest, from maximum near the crest reducing to zero distant from the crest.

In certain steep-sided enclosed valleys wind speeds may be lessthan in level terrain. Before any reduction in wind
speeds is considered specialist advice should be sought. For sitesin complex topography specialist advice should
be sought. Alternatively, use the maximum value S, = 0.6 given by the method. Values of S may be derived from
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full scale measurements or numerical simulations.
Values of topography factor are confined in this method to the range of 0 < § < 0.6 and apply onlyto thesimple
topographic features defined in Figure 22. In situations of multiple hills or ridges, thisprocedureis appropriate
when applied to the single hill or ridge on which the site is situated.
F.6.2 Derivation. The topographic dimensions defined in Figure 22 are:

L, the actual length of the downwind slope in the wind direction

L, the actual length of the upwind slope in the wind direction

Z the effective height of the feature

Y the upwind slope Z/L in the wind direction

L the effective length of the upwind slope, defined in Table 30

H the height (of the bridge) above local ground level

X the horizontal distance of the site from the crest

sthe factor to be obtained from Figures 23 and 24.

The influence of any topography feature should be considered to extend X = 15L_upwindand X =2.5L
downwind of the summit or crest of the feature. Outsidethis zone the topography factor should be taken as S, = 0.

If the zone downwind from the crest of the featureis level, (b < 0.05) for a distance exceeding L then the feature
should be treated as an escarpment. If not, then'the feature sheuld be treated as a hill or ridge (see Figure 22). No
differentiation is made in deriving S, between athree-dimensiona hill and a two-dimensional ridge.

F.6.3 Undulating Terrain. In undulating terrain itis often/not possible to decide whether the local topography of
the site is significant in terms of wind flow. In such cases the average level of the terrain upwind of the site for a
distance of 5km should be taken as the‘base level fromwhich to assess the height Z and the upwind slope W of the
feature.

F.6.4 Valueof factor S . Values@fithe factor S should be obtained from Table 30 using the appropriate values
for the slope of the hill |, the effective length L and the factor s which should be determined from:

@ Figure 23 for‘hills and ridges; or
(b) Figure 24for cliffsand escarpments.

Where the downwind slope of ahill orridgeis greater than U = 0.3 there will be large regions of reduced
acceleration or even ghelter and it is not possible to give precise design rules to cater for these circumstances.
Values of sfrom Figure 23 should be used as upper bound values.

A/100 August 2001
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Table 30. Valuesof L _and S,
Slope (@ =2Z/L) Shallow (0.05<<0.3) | Steep (P >0.3)
Effective Length L =L, L.=2/03
Topography Factor S,=20ys S,=06s
wind X<0 X>0
———— i~
Yy X
AT\v ‘ \‘
- £ U o
~=— Intersection of ywith A,
a) Hill and ridge (l//U> 0.05, l//D> 0.05)
Wind X<0 X>0
B e IEE—
vy Xl
\ Ji .
Yo
L U
b) Escarpment (0.3 > l;/U> 0.05, l//D< 0.05) and cliff l//U> 0.3, !//D< 0.05)
Key
Ly, © Length of the downwind slope in the wind direction Ag  Site altitude in metres above mean sea level
Ly Length of the upwind slope in the wind direction Ar  Altitude of upwind base of topographic feature
X  Horizontal distance of the site from the crest vy Upwind slope Z/Ly; in the wind direction
Z Effective height of the feature wp Downwind slope Z/Lp, in the wind direction
Figure 22 - Definition of topogr aphic dimensions
August 2001 A/101
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Figure 23a - Topographic location factorsfor hillsand ridges
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Figure 23b - Topographic location factorsfor hillsand ridges
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Figure 24a - Topographic location factorsfor cliffsand escarpments
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Figure 24b - Topographic location factorsfor cliffsand escar pments
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STANDARDS PUBLICATIONSREFERRED TO

BS 153 Steel girder bridges

BS 648 Schedule of weights of building materials

BS 6100 Glossary of building and civil engineering terms: Part 2: Civil E
BS 8004 Foundations

s
Q
N
S

A/106 August 2001

Volume 1 home page




	CONTENTS
	INTRODUCTION
	SCOPE
	USE OF THE COMPOSITE VERSION OF BS 5400: PART 2
	ADDITIONAL REQUIREMENTS
	REFERENCES
	ENQUIRIES
	APPENDIX A: COMPOSITE VERSION OF BS 5400: PART 2
	CONTENTS
	FOREWORD
	SPECIFICATION
	SCOPE
	REFERENCES
	PRINCIPLES, DEFINITIONS AND SYMBOLS
	LOADS: GENERAL
	LOADS APPLICABLE TO ALL BRIDGES
	HIGHWAY BRIDGE LIVE LOADS
	FOOT/CYCLE TRACK BRIDGE LIVE LOADS
	RAILWAY BRIDGE LIVE LOAD
	APPENDIX A
	APPENDIX B
	APPENDIX C
	APPENDIX D
	APPENDIX E
	APPENDIX F



	home button: 


