PECHNT AL MIMORANDUM (BRIDGES) BZ 1/77: STANDARD IHIGHWAY LOADINGS

1. Thig Technieal Memorandum is & revision of BE 5/73: Standard

Hiszhway londings and is closely based onm B116/2 draft loading requirements
2y congistent with the current elastic stress basis of design for which this
Memorandum iz intended to be used. It is anticipoated that this document
will continue to be used during s transition peried after B116 has been
published and before the changeover to limit atate design has been made
fully effective.,

B116/2 has not been fully implemented. Until further notice therefore,
traffic live loading ghall continue to be in accordanoe with B3153:
Specification for steel girder bridges: Part 34 loads:1587Z.

The modifieationz to BE 5/73 include the following:

2. Strustures of span or internal diameter zreater than 0.9 metres are

now clasgified as highway structures and subject to standard highway loadings.
In addition, footbridges and aign/signal gantries are comprehensively covered
and are designed for a 50 year life.

3. Guidance on safety factors for everall atahility of substructures and
retaining walls ia glven.

4, Wind c¢lauses have bheen substantially rearranged to clarify requirsments
and tu give a more logleal presentation., Isopleths of mean hourly wind speod
are updated. Ileductions are permitted for wind sensitive structures for
gheltered/urban locations.

5. Temperature requirements are updated and now permit adjustments for the
geographical and physical location of the structure, Actusl and linearised
temperature differences are given. These differences are not fo be considered
on gantries or in eonbination with wind on other struetures.

6. The dynamiz behaviour of footbridges, based on verified lsvels of
pedeatrian disconlort is congidered. ‘

7. Pootbridge/sanitry mupports must now rezist vehiele collision impact of
50 kil. Load combination for impact on all highway structure supports to
Include for 0.5 wind., Highway and foothridge superstructures muat resist
a 50 kN impact.

8, Buried structures are to be designed for wheel loads with 2 to 1 dispersal
or Doussinesq theory. Wodified temperature requirements awxe given for
variable £ill deptha and structure spans.

fort

P ELLIOTY
Apzistant Chief BEngineer
IDES Diviasion

14th February 1977
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STANDARD HIGHWAY LOADINGS
FPOREWORD

The Department is at present assisting the British Standards Institution in drafting
a document for the design and construction of steel, concrete and composite bridges
gpecificationg for the loads, materiale and workmanship.

Until the Code is published and adopted by the Department, it is intended that the
loading in this Technical Memorandum should be used with elastic theory for the design
of highway structures, The current practice of allowihg an increaee in ‘the basic
permigssible elastic stresses for certain loading combinations will contihue,

The design of members subjecied to impact loading and alse certain aspects of prestressed
concrete design are based on an ultimate load theory.

This Memeorandum must be read in conjunction with the relevant clauses of BS 153:
specification for sfeel girder bridges Part 34 loads: 1972% listed in Appendix A.
It supersedes Technical Memorandum (PBridges)} RE 5/75: Standard Highway loadings,

1. SCOFE
The loading to be conaidered in the design of all highway structures having
a span or internal diameter greater than 0.9 metres for motorway and trunk
road projects shall be in accordance with this Memorandum, except for the
following:

i. Steel box congtruction -~ see "Interim Tesigzn and Workmanship Rules
for Stesl Box Girder Uridges".

ii. Bridge parapets ~ Bee Technical Memorandum HE5: The Design
of Highway Bridge Parapets (Third Revieion).

iii, Lighting columnes — see Tachnical Memorandum BE 4f72: Gtreat
Lighting Columnz of Steel Construction,
BS 3989: Gtreet Lighting Celumns
{Aluminium) 1966, and B3 1:08: Street
Lighting Columns (Concrete) 1970 as
appropriatea,

iv. Noise barriers -~ agee Technical Memorandum H14/?6= Noise
Barriers — Standards and Moterials.

V. Safety fences =  zee Technical Memorandum H9/73: Safety
fences,

Thie document iz recommended for use in the design of structures on other
road projects.

#41]1 references to the Standard in this Memorandum refer to B3 153: Fart 34; 1972




2.1

Calal

LOADS

Loads to be considered

For the purposes of calculating stresses and stability the following loads
shall be considered, where applicable, Those loads to be considered in

combination 1 are marked (1).

Loads other than live loads on highway structures

Dead lonad (1)
Superimposed dead load (1)
Wind leading

Temperature effects

Restraint at bearings

Shrinkage and creep in concrete (v
Erection loads and effects

Differential Settlement (1)
Exceptional forces eg earthquakes, snow, ice
Barth pressures on retaining structures (1)

Highway live loading

Live loading (1
Longitudinal load (1)
Centrifugal load (1

Loads on parapets

Fatigue loading

Aceidental wheel loading

Vehicle collision with highway atructares
Live load surcharge (1)

Footway and cyclewtrack live loading

Live load on footway and/or cycle-~track bridges

Live lond on elements supporting the highway as
wedl as footway and/or cycle track

Ze

(1)

(1)

Bee
See
See
See
See
Sew
See
See
See

See

See

See

See

See

See

See

See

See

See

See

3.1
3.2
23
7.k
3.5
3.6
3.7
3.8
2.9

7-1

k.1 and 4.2
L,z
l+_1'+

45

4.8.1

8.2




2eled

24105
del

2edal

24242

Salae’l

Culacled

Z.4.1

Sign/sigmal gantry live loading

Global elfects (1) See 4.9.1
Locnl effects (1) Aee 4.9.2
Loadlins on buried structures See 8
Stability

Anchorage of superstructure The stability of the superstructure and its parts
ghall bhe considered in accordance with Clavzs 18 of the Btandard. The

factor of =afety specified for stability in Clause 18 shall also be applied

to the anchorsge of the end of continuous superstructures.

Substructures* snd retaining wallas Abutments, wing walls and retaining walls

#nall be azsesged in accordance with CP2: IEnrth Retaining Structures: 1951,

Foundations of piers and gantry supports shall be assessed in accordance
with CP2004: Foundations: 1972. In applying CP2004, the dead load (3.1)
superimposed dead load (3.2) and aarth pressure from filling material (7.1)
shall be regarded as permanent loads and all live loads may be regarded as
transient leads.

Oveorall stability for combination 1. The safety factors to be used for the
overall stability of substructures and retaining walls shall be derived from
CP2.

Overall stability for combination 2. The safety factors to be used for the
stability may bhe reduced to 1.4 for combination 2 loading except for sarth
:etaining structures where oombinations which include hoth vehicle collision
on parapets and eawth pressure are considered when a reduced safety lactor
of 141 may be applied (EEE 4e542)

Dynunic effects

Dyneniv omcillations of highway structures shall be considered in accordance
with 5,.35.8 for wind effecis and 5 for live loading effects,

Application of loads

¥l ements and structures. Sach clement and structure shall be examined under
Lhe effects of Loads which can co—exist in each combination.

Sclectinn of loads. Loads shall be selected and appléed in such a way that
the most severe effect is rcaused in the element or structure under consideration.

Relieving effett of certain loads. Where the application of leads due to
traffic 1ive load or superimposed dead load on any portion of the element

or etructure ander consideration has an effect opposite in sign to the total
effect or whers the most severe effect on the element or structure will be
diminicghed by the presence of the load the load shall be assumed not to act
on that portion.

Whare a particular eliement of superimposed dead load is provided for the
purpose of contributing to stability (as, eg kentledge but not road
surfacing and ballast) and precemtions are taken to ensure that it will
not be pemoved, this element may be taken into consideration.

* For the purpose of this clause, a substructure includes piers and structure
supports (inciuding foundations), abutments and wing walls.




2.9

2a5e1

2u5a

24543

Z205a0

2.5 .41

ZuBubel?

ZuBu 43

LB

Combination of loads

Loade shall be combined in accordance with the following provisions for
the different types of construction noted below. In addition, Clauses 4,7
and 6 of this Memorandum give the loads to be combined with accidental
wheel loading and vebicle collision loading respectively.

Plate girder and rolled section beam atructures. Clanse 1.3 of Technieal
Memorandum BE /76 requires that loads shall be combined in accordance with
“Interim Design and Workmanship Rules for Steel Box Girder Bridges'.

Other steel structures. As Clause 16 of BS 153%: Part 3A: Loads,

Composite conabtruction in structural steel and concrete. As Clause 5 of
CP 117:Composite Construction in Structural Steel and Concrete: Part a:
Beams for Bridges.

Reinforced, prestressed and comgosite conerete conatruction

Permanent and transient loads. The loads applied to & structure shall be
regarvded as either permanent or transient.

For the purpose of this Memorandum dead load, superimposed dead lgad, the
effects of shrinkage and creep of concrete (where appropriate) together with
other loads derived from them shall be regarded as permanent loads. The
effects of differential settlement of supports shall alsc be regarded as a
permament load where there is reason to consider that this will take place
and no special provision is made to accommodate the relative movement.

411 other loade chall be regarded, for the purpose of this Memorandum, as
transient loads.

Working load combinations, The following comhinations of loads at working
Inad ghall be considered:

Combination i comprises the permanent loads and live load due to traffie,
inciading all loads which derive from traffic using the structure, but
with fthe exgeption of loads due to vehicular collision with parspets,
suppurts or supersitructures and accidental wheel loading on central
reserves, ruotways and cycle tracks.

Tombingtion 2 comprises any or all compatible permanent and transient
losds .

timebe load combina¥ion, The effects of factored values of dead load,
superimposed dead load and live load due to traffiec shall be combined as
described in Technical Memorandum (Bridges) BE 2/73%: Prestressed Concrete
“or Highway Struectures, Clause 7 to check the adegquacy of the ultimate
woment of resistance and the shear cmpacity of prestressed concrete
superstructures.

Roller and sliding bearingsy These bearings are an exception to the general
principal of grouping loads into combinations since they are to be dealt
with in association with permanent loads only. The reason for this is

that the bearings will move and release the restraint when the frietional
regiatance leoad is at ites lowest value and this is when there are no
trangient loads on the bridge.




3.2

e

1,0ADS APPLICABLE 0 HIGHWAY STRUCTURES
Dead load

The dead losd consista of the parts of the structure which are atructural
elements, excluding superimposed materials such a8 road surfacing, parapets,
mains, ducts, mizcellaneous furniture and the like.

Where an accurate assessment of the dead loads is not possible, as in the
initial stages of design, the unit weighis given in B3 648: 1964 may be
used, except that for reinforced concrete, the unit weight may be taken as
(2400 + 5400 ) kg/m”, where es iz the proportion of reinforcing gieel.

The dead load initially sasumed shall be accurately checked with the actual
weights to be used in construction snd designs reviged where necessary.

Superimposed dead load

The auperimposed dead load shall he the weight of all materials which are
not structural elements forming permanent loads on the structure. Consider—
ation shall also be given to the effects of the removal in whole or in part
of the superimposed dead load and also to the weight of any part of the
superimposed dead load which has an effect algebraically opposite in sign

to the total affect being evaluatedy For superimposed dead lond due to
earth pressures, refer to 7.l.

Wind load

General, Wind loading need not be applied te single-span beam/slab and
slab type highway bridges with a ¢lear span less than 20 metres and a deck
width greater than 10 metres.

Tie wind preasure on a structure depends cn the geographical location, the
loesl topography, the height of the siruecture above pround, and the
homizonbal dimensions snd cress section of the structure or element under
congiderntion., The maximum pressures are due to gusts which cause local
and transient fluctuations about the mean wind pressure, The design gust
pressures are deduveced froa the values of mean hourly wind speed shown in
Fig 4§ which arc iikely o De exceedsd only once in 120 years, taken us

the desipn life for nighwsy bridges,

For footbridpes, sign/signal gantries and other such ancillary highway
atructures, a design iife of 50 years is acceptable and the mean hourly
wind speed iz reducsd as directed in Z.3.2.1.

For the British Izles at sites less tinan 200 metres above sea level the gust
speed derived below shall be used., At greater altitudes these wind speeds
will be exceeded and the Metsorological Office shall be consulted.

Derivation of wind pust speed ve. For unloaded structures the wind gust
speed ve on those parts of the structure or elcment on which the application
of wind loading ingreases the effect being considered ahall be taken as

vg = VK1S152 where

v . = the mean hourly wind speed See 3.3.241

K1 % a coefficient depending on conditions See 3.3.2.°

81 = funnelling factor See Z.3.2.3

S»> = gust factor See 3,%.2.4 and 3.3.2.0

For live loaded structures, the value of ve shall be modified as directed
in clause 3.%.2.7, 3.3%.2.8 or 3,3.2.9 as appropriate.

For the remaining parts of the structure or element, whether loaded or unloaded,

on which the application of wind loading gives relief to the effects under
consideration, a reduced wind gust speed shall be derived as in 3.3.2.6.

5-




FIiG.Y ISOFLETHS OF MEAN HOURLY WIND

SPEED IN M/S LIKELY TO BE EXCEEDEN
ONCE IN 120 YEARS AT 10 METRES < 36| .
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_'fx...1 Mean hourly wind speed v. Values of v in metre/second for bhe location of the
structurc snall be obtained from the map of isopleths given in Fig l. These
yalues shall be multiplied by a reduction factor of 0.94 for the design of
footbridges, sign/signal gantries and other ancillary highway structures
with a 50 year design life,

Tu50242 Coefficient K3, This is normally to be taken as 1.0 except where temperature
cffetts (%.4) are considered in conjunction with wind when the value of %y
shall be taken as D.35.

During erection the value of K1 shall be taken as not less than 0.8%

(ie giving that speed likely to be exceeded only once in 10 yeara). In
cirecumstances where a particular erection can be complsted within a one Or
two day period for which reliable wing speed predictions can be made, this
predicted speed may be used as the mean hourly wind speed and the value of
KL shall be taken as 1.0,

Helaleld Funnelling factor S1. In general the funnelling factor shall be taken as 1.0.
In valleys where local funnelling of the wind occurs, or where & structure
iz sited in the lee of a range of hills causing local acceleration of wind,
s value not less than 1.l should be taken, subject to advice from the Meteorol-
ogical Uffice who shall be consulted whersver Lrrain conditions are abnormal.

3eZe2.l Gust factor So. Values of 52 are given in Table 1. These are valid for
sites not exceeding 300 metres asbove sea level,

fhe height above ground level shall be measured from the foot of ¢liffs or
steep escarpments where the structure ie located near the top of such features
and from mean water level for structures over tidal waters.

On vertical elements such as piers and other highway structure supports,the
height shall be divided into units in ancordsnce with the heights given in
Golumm 1, Table 1 and the gust Factor snd mpeed derived for the centreid

of wach unit.

TARLE 1. VALUES OF GUST FAGIGE‘SE AND HUURLY SPEED FACTOR K,

1Height Horizontsl wind loaded iength in metres ‘Hourly
above pe 5 ; T sneed
Eround o E faétar
level oy 40 0 100 200 oo 600 . i 1000 1 2000 K.,
Metras legs | =
5 T4 1 LohE b L.u0 p 1.3 1,27 1 1.19 | 1,15 | 1.10 1.06 | 0.89
10 156 | 1.5% 1 1.0 | 1. 11,37 1,29 | 1o2% il.21 1,16 | 1,00
15 1.6 11250 | 1,56 | 2,50 1143 | 1.35 | L33 §L.27 1.2% | 1,07
20 1.66 | 1463 1 1.60 | 1,56 | 148 | 1l.40 | r.30 [(1.32 1.28 | 1.1%
30 1.7% 11,70 b 1,67 11,67 1,56 11,48 ) 1.4 1,40 1.35 | 1.21
4o L7707l Jaa7e T1.68 [ 1.6 p1.%h 11,500 f1uh6 1 1LAL 1.2y
50 131 L LL78 L rave 1 1.7E 1,66 1 1.59 3 1.55% (1,51 1.6 1 1.32
60 TaB4% 1 1.81 | 1.79 ; 196 | 1.69 | 1.62 | 1.586 {1.54 1.50 F 1.36
&a 1.88 | 1.86 | 1.8h 1,81 f1.74 | 1.68 jl.6% [1.60 1.56 | l.b42
100 .92 Li.on | 1.88 1.8 [1.78 | 1.7 | 1.68 [L.65 1.60 | 1.48
150 1.99 11,97 § 1.95 | 1,98 |1.86 11.8¢ | 177 [L.74% | 1,70 1 1,59
200 2,0 | 2.02 | 2.01 1.98 |1.92 | 1.87 {1.84 (1.80 1.77 1 1.66

The.horizontal wind loaded length is the total length of the base of the
p951tive or hegative portions, as the case may be, of the influence line
diagram for the structure or member under congideration, The most severe

effect may derive from the whole or part of the loaded length using the t
apeed appropriate to the actual length considered. # ® o
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E T

R T wodification of fust factor S5, The values of gust Factor given in Table.
are Tor an oxposed rural situation and take no aczount of the variation in
ground roughness around o structure,  The wind gust speeds so derived coan
therefore by wnrduly severe on wind sensitive structures located in an
envirconment where there are many windbreaks.

Excoptionally, therefore, for footbridges, sign/sifnal pantries and other
ancillary highwuny structures located in an urban eor rural environment with
many windbreals of general height at least 10 metres above ground level,
the values of S5 piven in 3.7.7.4 may bs multiplied by a reduction factor
derived Trom Tablie 2 below. At heights greater than 20 metres above ground
level, no rediction shall be made.

TABLE », REDUCTION FACTOR FOR GROUND ROUGHNESS

Heipht shove ground level Reduction factor
in metres

REA 0.80

L% 0,89
ary 0,00

T Ta e o Hourly specd Pactor ¥ Tor sinimem such speed.
[

3,5, 0,600 Unloaded structure, Where wind on any part of a structure pives reliet to
The member under considerntion, the effective coexistent value of v, on
e port Al fording relicef shall be taken an

TR
1

cubject to o maxinum volue cqual to that derived from 3.7.7.1 to Z.3,.0.0.

De

structure.  Vhe eflfective coexistont value of V. o1 the parts
et e . :
Covhall e |

ke Gegger of

<
3
20 e . .

oo Tor o the londed doneth under considsration

m/'=

% g
and v&ligbl

P I
L R

hiphway hpjdres.  The wind gust speed ve chall be taken as follows:

For Londed lengths up to &0 meires: the laegser of 77 and vKlﬂlﬁﬁ /s
. I 3
For londed lenpgths iv exesss of A0 aetres: the lessor of Vﬁjﬁjsﬁ and
B - Ll

G, for the Looded length under congideration
L e !
r W - . - My o
A4 B T for 20m ioaded Lerngth /
i

wind guast speed shall bo reduced to 0.7 times
J1oto 23200,

e fa iy d wive londed oisn/micnal gantries,  The wind gust speed shall be reduced to
U5 flwmes the value derived from 3.%.2.1 to 5, 5. 7.60.
T, Aerivetion ol brannverse wind lond.  The transverse wind lead P, oin Newlons

ghail e talien as boriwentsl wnleas sonditions®* change the direction of
thie wind and shall be derived from the following equation:

* ihe Tocol conditions which might be faken inlo account when deciding

that the incidence of the wind iz other than horizontal inelude

A. the goneral gradient of the loecal topography, and
be the proximity of high buildings, cuttings, cliff faces ete,

8
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P, =g C. A whore

£ D1 , ,

q = dynamic pressure head = 0.613 v; in N/m" where v, is in m/z
CD = drag coeflicient : Sea 3.3.3«7 to 3.3.3.B

e
Ay - the net area in m~ in normal projected elevation of the structure or

element. Seec %.3.35.9,

Transverse wind load Pt. The transverse wind load shall be considered as

follows:

Erection asbayes for all structures. The effects of wind shall be conasidered
at all stapes of construction,

Non=-truss hiphway bridges

1. Unloaded bridge with open parapets. The transverse wind lead Pt
in derived zeparately [lor the following:

a. deck
b. windward parapet
. leeward parapet

Where there are mare than twe parapets, irrespective of the width of the
bridge only those two parapets having the greatest unshielded effect wshall
be congidered.

ii. Unlosded bridee with solid parapets. Py is derived for the deck,

which includes the windward and leocward parapets, Where there are safety
fences or ndditicnal parapelts, Py should be derived separately for those

portions of such elements above the top of the solid parapets.

iii. Live toaded bridpe with open or solid parapets. Pt is derived from
the values of CD and A1 given in 3.%.3.3 and 3.3%.7%.9.2 respectively which
include for the effects of parapets. Where safety fences or leeward
parapets are higher than the surface representing live load, those portions
above the vertical suriface shall alse be considered.

ive Superstructures separated by an air gap. Where two generally similar
superstructurez sare separated transversely hy a gap not exceeding 1 metre
the ioad on the windward superstructure shall be calculated as 1 1t were

3 mingle structure, and that on the leeward ruperstructure shall be haken

as the difference between the loads caleulated for the combined and the
windward shructures. '

Where the superstructures are dissimilar or the air gap exceeds 1 metre,
gach superstructure shall be considered separately without any allowance
for shielding.

Truss girder highway and foothridzes

i. Unloaded bridre. The transverse wind lead Py shall be derived
separately for:

. windward and leeward truss girders
L. deck
¢. windward and leeward parapets

No wind loading need be considered on the projected areas of:

e the windward parnpet screened by the windward ftruss or vice versa
b, the deck soreened by the windward truss or vice versa

c. the leewuard truss ccreened by the deck

d. the leeward parapet screened by the leeward truss or vice versa

ii. Live londed bridge. P, shall be derived for the unloaded bridge
and for lhe veriical swrface representing live loading.

In addition to those areas soercencd from the effects of wind as in i. above,
wind loading can also be disregarded on proieccted areas of:

2. +the live load screened by the windward truss
bh. the leeward truss screened by the live load

D
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ia Unloaded bridge. Where the ratio b/d as defined in Fig b is greater
than or egual to 1.0, the transverse wind load Pt is derived for the deck
including windward parapet. The leeward parapet is disregarded,

Non-truss footbhridges

Where the ratio b/d is less than 1.0, Py is derived as in 3,3.5%.1.2.

ii. Live loaded bridge. Where the ratio b/d is greater than or equal to
1.0, Pt is derived for the deck including the wvertical surface representing

pedestrian loading and those parts of the windward parapet above this vertical
surface. uhe leeward parapet is disregarded.

Where the ratio b/d is less than

Parapets and safety fences. The
for the equivaient solid area of

1.0, Pg is derived a5 in 3.%5.3.1.2.
t

trangverse wind load Py shall be derived
the element.

Piers and Structure supports. The transverse wind load Pt =zhall be derived
for each picr or support witheut any allewanece for shielding,

: antries, For unclad portions of open web girders, Pt shall be
derived as in 3.3.%.1.3% above,

For clad portionz of girders and for solid web girders, the leeward girder
shall be disregarded.

Drag coeflicient for erection stages for beam and bhax, plate and
truss girder structures

The follewing clauses refer to diserete beams or girders before deck
constructlon vr other infilling.

Single heams or box girders with vertical sides. OD shall be derived from
Fig - as appropriate in accordance with the ratio b/d as indiceted in Fig 4.

Two_or more beame or box girderz. Where the ratio of the clear distance
between pesms or boxes to the depth fdoes not exceed 7, §p for the combined
stracture shall be tsken as 1,5 times 2 derived above for the single beam
or box.,

greater then 7,

Where this ratio i O for the cembined structurs shall he
taken as n times the value derlved sbove for the single beams or boves where
n is the numbier of beams or box pirders,

Single rinte sirdors. Op shall be taken as 2.2,

Two or more plute mirders. Cp for the combined structure shall he taken as
201+ B20A), but net more than b,

where b= distance centre lo ceptre of adjacent garders

o= depth of the windward pirder

The discrete stapes of ewasebion shall be considered in
with F, 5. 5.l

Traan ﬂifderﬂa
acseordancs

Drag coefficient for non-truss highway bridges (zee Fig 2).,
£ w £

Unloaded bridro.  The drag coefficient € shall bhe derived from Fig 5 in
accordance with the ratio b/¢ as indicated in Fig 4. Where designs do not
accord with Fig b and for thos types of bridge iiluvatrated in Tig 3, drag
cogfficients shall be ascertsined from wind tunnel tests.

Live loaded bridee., The drag coefficient Cp shall be derived from Fig U
for the structure and traffic. The value of d and the ratio %/d shall be
taken from Fig b,

10.




Single box or slab ~ sloping or vertical sides

i-..._____ __....—-‘

Twin or multiple boxes — sloping or vertical sides

e

Multiple beams or girders

“TTIIIIIT

Through bridges —box or plote girders -

deck ot opy position verticaily

Fig 2. Typical Highway Bridge Cross Sections for which
Drag Coefficients are derived from Ciaguse 3.33.3
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o~ .
Re~entrant
angle

s

Qpen section on windwgrd face

e

#________,,.-a-""’ o .
Re-entiant angle « V78 in sottit of siab

Fig 3. Bridge Cross Sections for which Drag Coefficients
must be derived from Wind Tunnel Tests.




. (i) DEPTH OF SUPLRSTRICIUAT (d. ox d ) GREATER THAN LIVE I0AD HiswGiIT (r.:*.L)

DECK BRIDGE _
{one or more gitders) rl I

dL solid JR—
: open parapet parapoet
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o m o parapet g
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THROWGH 8RIDGE =3 1 y
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A - i

A = depth dl1 for bridges with open parapets with or without live load.
d = depth 4, lor bridges with solid parapetz with or without liwe load,

(11} DEPTH OF SURLKSTWCTURES (&, o d,) Lu3S TIAW LIVI LOAD HUTGHT (4 )

SECH BRIDGE

[ sl e e
S dih !}_'11 wi:.r:;lmt [E X
ety ,l A5

: ( — —
-d :
i
TEHROUGH BRIGGE solid paraput
e solid par)

S _i“n"'mr‘ pravapai -5 v dli { } r"{{'t
! IS S |
o b }
b,

i

E

% — il ot -J.J..Ji l-j...,v [P —
I b o

d = dapth d‘i Tor bridess with open parapets without live load.
For beldges with so0lid parapets without live load.

d o= depth 4

d = depth G"’l for beidges with open or solid parapets with live load.

FaG., 4 DOLTSLONS OF b AND ¢ T3 BE USHD [N DIRTVING TR DRAG CORFFETCLANT 0L
MNOW THUGS TTGHWAY BRIDGES,
H¥E:  In all cueses, b and 4 are fo be lsken as if the cross-sectiong wore nermal

te the vertical {ie not superelevatod) but see Note 4 to ¥ig 5 for the
treatiient of superelavation.
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ROTES FOR FIG S
1. These values are given for vertical elevaticn.

2. Where the windward face is inelined to the vertical the drag coefficient Cp
may be reduced by 0,5% per degree of inclinatien from the vertical subject to a
meximum reduction of 30%,

%« Where the windward face consists of a vertical and a sloping part or two
sloping perts inclined at different angles, CD shall be derived as follows:

For each part of the face, the depth shall be taken az the total vertical depth
of the face (ie over all parts), and values of Cp derived in accordance with
1 and 2 above,

These separate values of Cp shall be applied to the appropriate area of the face,

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

5. Where a bridge is subject to inclined wind not exceeding 50 inclination,Cy
ghall be increased by 15%. Where the angle of inclination exceeds 5°, the drag
coefficient shall be derived from tests.

6. Where the structure is superelevated and also subject to inclined wind, the
dreg coefficient CD ghall be apecially investigated.

7« Where two generally asimilar superastructures are separated transversely by a
gap nct exceeding 1 metre the drag coefficient for the combined structure shall
be obtained by taking as b the combined width of the superstructure.

In determining the wind load on the leeward superstructure only (taken as the
difierence between the loads cslculated for the combined and the windward structures),
where b/d is grester than 12, the broken line in Fig 5 shall be used to derive CD'

15-




3.3e3.4
3a3.3a01

3e3.3.8.2

Drag coefficient for trusa girder higgng and footbridges

Unloaded bridge. The drag coefficient Cp for each truss and for the
deck shall be derived separately ae follows.

i. For a windward truss Cp shall be taken from Table 3.

TABLE 3. DRAG COEFFICIENT CD FOR A SINGLE TRUSS

For round members where
Solidity For flat d is diameter of member
Ratio aided members

dv, < 6m=/s dv_ > 6m~ s

The solidity ratio of the truas is the ratio of the net area to the overall
area of the truss,

ii. For the leeward truss of a bridge with 2 trusses, the drag
coefficient shall be taken as n§Cp. Values of 1, are given in Table b4,

TABLE 4. SHIELDING FACTOR y

Value of n for solidity ratio of:
Spacing Hatio
.1 Qo i Q.2 0.4 D5
Less than 1 1.0 « F B0 50 A5
2 1.0 + 0 .80 .55 o5
2 1,0 3 .80 + 70 Wil
L 1.0 « 95 .85 70 60
5 1.0 -5 .85 -75 .65
6 1.0 « 99 « K .80 « 70

The spacing ratio is the distunce between centres of trusses divided by
the depth of the windward truss.

iiia Where & bridge has more than 2 trusses, the drag coefficient for the
truss adjacent to the windward truss shall be derived as in ii. above.

The coefficient for all other trusses shall be taken as equal to this value,
iv. For the deck construction the drag cocefficient C, shall be taken as

L.1. D

Live loaded bridge. The drag coefficient GD on unshielded parts of the

live load shall be taken as 1,45,

16,
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Drag cocfficient for non-truss footbridges

Unloaded bridre, Cp shall be taken as 2.0 for the footbridge except

where b/d is less than 1.0 when Cp shall be derived from Fig 5.

For footbridges similar in configuration to Lhose bridges in Fig 3, S
shall be derived from wind tunnel tests.

Where a footbridge is subjeet to inclined wind the value of Cyy derived
above shnll be increased by 155,

Live loaded bridee. for the live loaded footbridge shall be taken
as 2.0 except where b/d is less than 1,0 when Cp for the live loaded
bridge shall be derived [rom Fig 5.

Drapg coefficients for parapetsz and safety fences. For the windward parapet
or fence the drag coefficient CD for the element shall be taken from Table 5.

TABLE 5. DRAG COEFFICIENTS FOR PARAPETS AND SAFETY FENCES

Circular sections 1.2

Other sections including 2a7
so0lid parapets

Alterpatively, drag coefficients derived from wind tunnel tests may be
used,

Where there are two parapets or fences on a bridge the value of Cp for
the leeward element shall be taken as equal to that of the windward element.

Where there are more than two parapets or fences the values of Cp shall be
taken from Table 5 for the twe elements having the greatest unshielded effect,

Drag coefficient for piers and structure supports., The drag coefficient CD

shall be tawen from Table 6, For piers or supports with cross sections
dissimilar to those given in Table 6, wind tunnel tests shall be carried out.

Cp shall be derived for each pier or support without reduction for shielding.

Dragp coefficient for sign/sigmal gantries., For pantries with z0lid web

nmain girders spanning between the columns, or with so0lid or open web main
girders that are fully clad in frontal elevation, the drag coefficient
shall be taken as :

1la 1.6 for bending moment on girder, and

ii. 1.8 for shear on girder and reaction on any supporting column.
(A higher value is required for shear and reaction than for bending
because of the asymmetry of the pressure distribution across the face
of the gantry due to inclined wind).

1?-




TABLE.E. .

DRAG COEFFICIENTS FOR SUPPORTS OF HIGHWAY STRUCTURES

t
) HEIGHT
PLAN SHAPE CD AR SUPPORT mlmﬂﬁ oF
1 2 4 6 10 20 40
wind
. n b ki 1.3 14 15 16 17 19 2
[] ¥ 1.3 14 15 16 18 20 22
—= [ % 1.3 14 15 16 18 20 22
- D 1 1.2 13 14 15 16 18 20
- I:] 1% 10 14 1.2 13 1.4 16 17
- :1 2 08 09 10 11 1.2 13 14
I [:J 3 o8 08 088 098 09 10 1-2
]
T l“ >4 o8 08 08 08 08 09 11

o
e
o
-
£

1k

FAVARE
OR
OCTAGUNAL Nt i Lo i 1 1.2
]
(F 12 SIDED POLYGON
0-7 08 D9 o9 10 1 13

’\] CIRCLE WITH SMOOTH
SURFACE WHERE tv, &
| 6 jtac 05 n [OF
CIRCLE WiTh S i1 1
SURFACE WHERE ¢ v <
G /tac ALS O

%ﬁ:ﬁ'&;&}ﬁ'ﬁ” o7 07 08 08 09 10 1.2

05 o5 0.8 06

%]

Noten

1s After erection of the guperstricture, CD #hall be derived for a heisht/bresdth
ratio of 40.

7« PFor a support with t/bx4, located in a buili-up area where turbulent flow may
ocotiry, a lesser drag ccefiiclent may apply and U, ahall be obtained from wimd tunnel
taata,

3, For a rectangular support with radiused cornere, the value of C, derived from the
above table shall be multiplied by (1=1.5r/b) or 0.5, whichever is Eesser-

4. For a support with triangulse noaings, GI) ahall be derived as for the rectangle
encompaszing the outer adges of the support.

5. For a support tapering with theight, C. ahall be derived for each of the unit
heighta into which the support has been subdivided (see 3.3.7.4). Mean values of &

and b for each unit height shall be uged to evsluate t/b. The overall mupport height
ami the mean breadth of each unit height ahall be used to evaluate height,./breadth.

18,




3.5.3.
Je3a3.9.1

T P P

Be3.3.9.3

3e33.94

3a3e349.5

3.3e349.6

Sebe3.9.7

Derivation of net ares Al

Erection stage for all structures. The net area A shall be the appropriate

equivalent solid area of the structure. 1

Non-truss highway bridges. For unloaded and live leoaded bridges, the net area

a T
3  e——

A1 in m€ is derived using the appropriate valune of d in accordance with Fig 6
belows

‘ solid )
1 Open Darapet dL ' I parapet T
— —— d2 3

FIG 6. DEPTH d TG BE USED IN ASSESSING THE NET EXPOSED AREA Al
FOR NON TRUSS HIGHWAY BRIDGES

d = d; for bridges with open parapets and without live load
d = d» for bridges with solid parapets and witheout live load
d = do or dy whichever is larger when live load is present

d, = 2.5 m from the carriageway for highway bridges

Truss girder highway and footbridges

i. Unioaded bridpe. The value of A for each truss being considered
shall be taken as the equivelent solid area of the truss. Al for the deck
shall be based on the full depth of the deck,

ii. Live loaded bridge. The area A} on live load shall be derived using the
value of di, defined in Fig 6. The area of the trusses and deck shall be as for
the unloaded bridge except that where paris of the trusses are above the
carriageway or footway, those portions of the trusses within the projécted
depth d; shall be disregarded.

Non-truss foothrideges

i. Uniocaded bridge., The value of Ay shall comprise the equivalent solid
arca of the windward exposed face of the deck and parapet.

i11. Live loaded bridge. The value of A; shall compriise the equivalent solid
area of deck below footway level, the vertical surface of height @ = 1,25 metres
above the fvotway representing pedestrian leoading together with th¥ net exposed
area of the parts of the windward perapet which are below deck soffit level or
more than 1.25 metres above the footway.

Parapets and zalety fences.

i. Open parapet or fence. Al = equivalent molid area.

1i. Solid parapet or fence. Ay = mctual solid area.

Piers and structure supports. The net projected area Ay for eash pier or

support shall be taken.

Sipn/signal gantries., For solid web girders and clad portionsg of solid or

open web girders, the net exposed area of the windward face =hnll be talkern,
For unclad portions of open web girders, the equivalent solid depth of each
girder shall be taken,

Cn live loaded gantries, no allowance need be made for the exposed area of
live loading.




3.3.4 Derivation of longitudinal wind load. The longitudinal wind load P, in .
Newtons ahall be derived as follows, L

3.3.4.1 All bridges other than truss girder bridges

PL "

q =

CD =

A -
’

3.3.4,2 Trusz

0.25 q CD A1 whera
dynamic pressure head = 0,613 vg in N/m2 where v, 18 in m/a

drag coefficient (excluding reduction for inclined webs ) as defined
in 3.3.3.3 and 3.3.3.5 for unloaded bridges, but not less than 1.3.

as defined in 3.3.3.9 for unloaded bridges

girder hridmes

PL =

0.5 F} where Pt = the appropriate transverse wind load for the
unlosded superstructure.

3a3e4.3 Live load on sll bridges

M
|!

s
]

|
]

=
1

dynamic presaure head = ©,613 vﬁ in N/m2 where v is in m/s
drag coefficient, taken az 1.45

ares of live load as defined in 3,3.3.9

3.3.4.4 Parapets and safety fences,

3v3edede1 With vertical infill members

"L

= 0.8 P%

3e3e444.2 With 2 or 3 horizental rails only

PL

= 0.4 Pt

Where P, = the appropriate transverse wind load on the element,

.t

3+3.4.5 Cantilever brackets extending outside main girders or trusses

PL =

3.3.4.6 Piars

the load derived from a horizontal wind acting at 450 to the longitudinal
axis on the area of each bracket not ashielded by a fascia girder or
adjacent brackefs. The drag coefficient GD shall be taken from Table 5.

and strmicture supports

qgC A, where
D "2 o 5
dynamic pressure head = 0.613 V. in N/m where Ve 15 1in m/s
drag coefficient, taken from TPable 6, with values of b and t interchanged,

net projected area in the longitudinal wind direction.(in me).

3.3.4.7 Siem/signal gantries

e
]

g C_ A where
D72 2 5
dynamic pressure head = 0.613 v, in N/m whers v, is in m/s
drag coefficient, taken as 6.0
the net exposed area in m2 in end view of the sign and gantry structure,

20,
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3.3.5 Derivation of vertical load. 4&n upward or downward vertical load ?v in
Nawtons shall be derived from the following eguetion.
P = G A h
¥ q G Ay w are , ,
q = dynamic pressure head = 0,513 ﬁc in N/h whare v, is in m/B

CL = Lif{ coafficient derived from Pig 7
2

A3 = net area in plan in m°,

Yhere the angle of superelevation of s structure is between 1% and 50, c
shall be taken as + 0,75, For angles exceeding 5%, G, snall be derived !
from tests.

Where inclined wind may affect the structure, G, shall be taken as + 0.75
Tor wind inclinatioms up te 59, The anpgle of inelination in these
circumstances shall be taken as the sum of the angle of the inclination
of' the wind and that of the superelevation of the bridge. The effects of
wind inclinations in excess of 5% shall be investigonted by testing.
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FIG 7. VALUES OF LIFT COEFFICIENT GL

33,6 Overturning effects. Where overturning effects arc heing investigated

the wind leoad shall alse be concidered in combiration with live load.

On highway bridges where the vertical live lovad has a relieving effect,
it shall be limited to &kN/m of bridge in one notional lane only.

2.5.7 Application of wind loads. Appropriate wind loads shall be Laken to act
on the lvaded and on the unloaded structure, The wind shall be token as
blowing in the same direction on all parts ot the structure or element.

Fedatal Combination of wind loads. The wind loads Pt' PL and P shall be ¢ombined
as follows: v

A Pt alone

b. Pt in combination with + Pv

ce P alopne

L
d. 0.5 Pt in combination with Pl and + 0.5 Pv
B P+ in combination with P.I + 0.5 PV

3e3.7.1.1 Hiphway and footbridee, Combinations a, b, ¢ and 4 zhall be considersd.

3.307.1.2 $ign/sigmal pantries, Combinations s, b, = and ¢ shall be considered.

Sa3.8 . Aerodynamic effects. Consideration shall be given to wind excited
cscillations and where necessapry this behaviour shall be detormined by
tests. '
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3.k

3abal

3.4.1.1

3.ha1.2

3.4.1.3

F.d.1.4

3.4.1.5

3.441.6

The minimum and maximum temperatures and the range of temperatures to be
considered as affecting the structure are referred to as the minimuam,

maximum and range of effective bridge temperaturea respectively. These
effective values take into account the influence of solar radiation and

shall be derived from the shade air temperatures in accordance with the
following elauzes.

Derivation of minimum and maximum shade air temperftures. Subject to the
reservations in 3.4,1,06 these shall be derived from Figs 8 and § respectively
which show isotherms for annual minimum and maximum shade air temperature

for the British Isles for a return period of 120 years, taken as the design
life for highway bridges.

Temperature effects

Footbridges and sign/sipgnal gantries. For footbridges and =ign/signal
gantries, a return periocd of 50 years may be adopted and the shade air
temperatures adjusted in accordance with 3.4.1.4.

Equipment having a life of 50 vears or less, Carriageway joints and similar
equipment which will be replaced during the life of the structure shall be
designed for temperatures related to a 50 year return period. The values

of shade air temperature from Figures 8 and 3 may be corrected for this
return period in accordance with Z.4.1.4.

During erection, For erection, a 20 year return period may be used and the

shade air temperitures adjusted in accordance with 3. 4.1.4,

In circumstances where a particular erection can be completed wikthin a period
of one or twe days for which reliable shade air temperature and temperature
range predictions can be made, these may be adopted.

Adjustment for 50 and 20 year retupn periocds. For return periods of S0 and 20
Years, the values derived from Figs & snd 9 shall be adjusted by the addition
of the appropriate values given in Table 7.

TABLE 7. CORRECTION FOR 50 AND 20 YEAR RETURN PERIODS

Return Correction to be added (7C) to
Period Annual minimum Annual maximum
(years) shade air temp rhade air temp
50 +2 N
20 it =2.5

Adjustment for heipht above mean sea level. The values of shade air
temperature are related to mean sea level and ghall be adjusted for height
above mean sea level by subtracting 0.5°C per 100 m of height for minimum
shade air temperatures and 1.00C per 100 m of height for maximum shade air
temperatures.

Divergence from minimum shade air temperature. There are locations where
the minimum values diverge from the value given in 3.%.1 as, for example,
freat pockets and in sheltered low lying areas where the minimum may be
substantially lower, or urban areas, except London and coastal sites, where
the minimum may be higher than thaet indicated by Fig 8. In coastal areas,
values are likely to be 1°C higher than map values,

These divergences shall be investigated and tasken into conaideration.
Consultation with the local Meteorological Office iz likely to be helpful
in thege conditions.

224




- £ 2 ‘...._.‘.._‘ru PR i N e 5 3

12 12
FIG. 8 ANNUAL MINIMUM -
SHADE AIR TEMPRATURE (*C) d {12
LIKELY TO QCCUR ONCE IN 120 J |
YEARS AT MEAN SEA LEVEL Pdoeiorm.

3 58 R ahout —11
i ]J y .- %@ . 10

P =Y

Hi CeETRES
I O

iy
z LUTh GAY )
10 10 W3 A0 WD RO TO B PO MY 3 | 3 rone ?r_‘E 5 R, Y i 7 LI EGYIEIEA
STATUTE WMILED — ..“____,_5.’._‘:______‘}\‘,'..;_.._‘_ — . - |




2 3 4 5 -1 o
2 rl?
FIG 9. ANNUAL MAXIMUM
SHADE AIR TEMPERATURE (°C ) about 25
LIKELY TQ OQCCUR QNCE IN120
YEARS AT MEAN SEA LEVEL b1 1l
*about 26 o
a
A 27
B
7
EH
29 6
31
N- EWCASTLE
\
5
LEEDS .
4
= 35 SHEFHEvB\ \
& 5 NORWIC .
o i ~ 7/
Nl . ABEAY ST p ™ o BIRM‘!NGHAM -
) > CORK — 31 ’ /‘
I O !
"~ T X - \q,} J OXFORD ,
oms o T o 16—
2 3 ! o
S | ‘!/ 37 <on
et { OOy 1
o \ - —— w— ”__d__r-
i - ' 34"_ ~ 1 . i
\_EK e e A
YM QLU H
31 W 14 :'
Dratiomsl Gro ¥ - 2 . 3 L] 5 /1 ______ :_____ff __________ [}
* e Pl 1
d . &_‘h\,__d r'-"f._-:r
about 35m° -
RILCE 1AL '
o SRy ,QTMI'H:-"\DIP.': 4|3 -‘;'-m SS!E _ 4__ ',4:-“”;5 -~ 2 G wrrng A0 R £




3.b.2.1

34,3

3.4.3.1

3- !"-3-2

3.l

Minimum and maximum effective bridge temperatures. The minimum and maximum
effective bridge temperatures for different types of construction, shall be
derived from the minimum and maximum shade air temperatures by referenee

to Tablea 8 and 9 respectively. The different types of conztruction are
shown in Fig 10.

The minimum and maximum effective bridge temperatures and the types of

construction are also used, where appropriate for aign/signal pantry
structures.

Combination with wind effects. Where loads due to temperature changes are
to be considered in combination with maximum wind loads, the minimum and
maximim effective bridge temperatures shall be taken as 09C and 20°C
reagpectively for all localities and all types of construction. {(See 3.3.2.1

for reduced wind effects in combination with maximum effective temperature
range).

Effects of temperature differenpe., Load effects resulting from differences
of temperature within the structure and parts of the structure ghall be

derived from the data given in Fig 10, which represents linearised differences
based on the curves of Fig Bl in Appendix B. Fig Bl may, if desired be used
in preference to Fig 10,

Temperat ure differences are censitive to the amount of surfacing and the
differences shown relate only to the given depths. Purther information for
cther depths of surfacing can be found in the reference in the footnote®.

Tnese diflerences may occur more than once in any year and at any time
during the year and are independent of effective bridge tenperatures, Their
effects must thevefore be considered in combination with the effects arising
from the minimum and maximum effective bridge temperatures or such values
between thege axtrames ag cauge a more gevere effact,

Methode of computing temperature differences can be found in the reference
in the footnote**. For conditions not covered by Fig 10 these may be
adopted as 2 basis for estimating the temperature differences.

Where any structure, or part of a structure iz fully sealed, there may be
a build up of pressure which should be taken into consideration.,

Siﬁmfsignal gantries, Effects of temperature difference need not be
conasidered in the design of sign/signal gantries,

Combination with wind effects. Effects of temperature difference need not
be conmidered in combination with wind effects,

Coefficient of thermal expansion. TEH goafficient of thermal expansion
per 1.0°C shall be taken as 12 x 107° for structural steel. For reinforced

concrete, values of the coefficient are given iu €latsé 4.2 of BE 1/73.

* TRRL Report LR765 'Temperature differentials in bridges' available from Transport &
Road Remearch Laboratory, Crowthorne, Berkshire.

** TRRL Report LR561 'The calculation of the distribution of temperature in bridges’
available from Transport & Road Research Laboratery, Crowthorne, Berks.
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Minimum Minimum effective bridge tempersture

Ahade ajr

temperature Group 1 and 2 Group 3 Group &
~23 -27 -18 -13
-22 -26 -18 =13
21 ~25 =17 -12
- 20 ~23 ~19 -12
-19 =22 ~16 -11
-18 -2 -15 -1
-17 -20 =15 -0
-16 -19 =1 =10
-15 -18 «13 -9
=14 -17 -12 -9
-13 -16 -11 -3
-12 =15 -10 -7
=11 -1h4 =10 -5
=10 =12 -9 -5
-9 -11 -8 -5
-8 =10 w? -4
-7 -9 -6 =3
-6 -8 -5 -3
-5 -7 b -2

TABLE 9, MAXIMUM EFFECTIVE BRIDGE TEMPERATURE °C

Moy i mum Meximume sffective bridge temperature

shade air

temparature Group 1 and 2 Group 3 Group 4
24 Lo 31 27
25 i 32 28
26 L 33 29
27 h2 24 29
28 ba 2 30
&5 43 35 31
30 b 36 32
37 bl 26 32
32 Ly 7 23
33 hs 3?7 33
it hs 38 34
35 hé 39 3%
36 b6 39 36
37 46 Lo 26
38 47 4o 37

HNOTE
1. The group types sre given in fig 10,
2+ The above effective bridge temperatures are dependent on the depth of surfacing

on the bridge decl; depths assumed sre: Groups 1 and 2, 40mn; Groups 3 and 4, 50mm,
Further information for other depths can Le found in the reference in the footnote*.

#THIL Report IR765 'Temperature differentisls in bridges’ availabls from Transport
and Road Research Laboratory, Crowthorne, Berkshire,
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5.t

o

o

Hegtraint at bearings

The loads due to friction or other restraini of thermsl movement at bearings
shall be taken into account as follows:

Koller and sliding bearings. For rollers with bearing plates at the

circumference and for sliding bearings, loads shall be derived only from
Dead load (%.]) and Superimposed Dead Load (3.2) using the coefficients

of friction given in Table 10 (the ecoefficients are based partly on TRRL
Report LR 282: Noten on Bridge Bearings). Where an apprepriate coefficient
of friction is not given in Table 10 this shall be established by testing.

TABLE 10 - COEFFICIENTS OF FRICTION

Coefficient

Bearing fype of friction

Rollier bearings*:

Through-hardened special steel with 0.006
finely ground finish 475-450C HB.

L or 2 rollers with as—turned finish in:

Mild ateel to BS 4260 grade 4% 110-150 HB.
High tensile steel to BS 4360 grade 50 160-190 HE, 0.0%
Grey cast iron to BS 1452 prade 23 190-770 HE.

As above bub with more than 2 rollers 0,00

Sliding bearings**

Grey cast iron on grey cast iron Q.35
Hteel on steel or steel on cast iron (0, 80

* The rollers shall be turncd sc that opposite faces shall be parnllel
within a tolerance of + 0.05 mm and the seslings shall be ground in the
direction of travel of the rollers so that the variation in flatness at
any section parallcl to the axis of the roller shall not exceed + 0,05 mm.

** The plates of eliding bearings shall be ground in the direction of travel
so that the variation in flatness of either plate across any section shall
not exceed + 0.05 mm.



3. 4

3.5.3

3+5e4

3eb

3-?

3.8
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Hlantomeric bearings. Where expansion and contraction iz accomodsted

by shear in the elastomer, the load developed shall be derived in accordance
with Technicel Memorandum (Hridges) BE 1/76: Design Requirements for
Elaatomeric Bridge DBearings.

Setting of bearings, All bearings shall be set so that their dlsplacement
can accomodate expanzion and gontraction due to the temperagture difference
between the effective bridge tempersture at which the bearing is set and
the minimam and waxinum effective hridge temperatures respectively.

Mlexure of piers. Where cxpansion and contraction is accomodated by

flexure of npiers, the load due to such novements shail be that required to
displace the pior at bearing level to accomodate expengion and contraction

of' the superatructure dac %o the temperature difference bebwasn the

effective bridge tewperatars at which the pler iz joined to the super=tructure
end the minimum and maximom effective bridee teuperaturas respectively.

Effects of shrinkage und ereep in concrete

Where an element is restrained against change of length due to shrinkage
this shall be taken into consideration., Due allowsnce may bhe made for the
relicving effect of creep in concrete,

Erection loads and eficcts

The weipght of all permanent and temporary materials, together with all
other loads and effects which can cperate on any part of the structure
shall be taken ints account. These weights and loads together with the
positions at which they act on the siructure shall be accurately assessed
and where there is uncertainty about the securacy of these assessments
they shall be increased by = value aufficiently large to ensure that the
design loading is not under-~eotimated.

Where the weight of oay part of the permanent or temporary materisl taken
into account haw sn elfect olpebraically oppusite in sign to the total

effect being evalivated thisc shall be vonsidered.

Wind and temperasiurs offects are to be tuken in combination with erection
ioads.

0 ffeventisl seLtlen

Where differontinl arttlemsnt may affect the structure in whole or in part,
the effects of this chall be taken into account.

In mosessing the ausunt of diflerential mevement to be provided for, the
Inginecr wmuzt bhesr io mind the sxtent in which ite effects will be obhserved
and remedied belovre damupe onsuess

Exceptional loads.

Where cther losds not ewumeratsd in this specification may be encountered,
for example, the effects of earthquekes, ntream flow or ice packs, these
shall be taken inte account,

Snow loading should be considered in sccordance with local conditicns; for
those which prevail in Great Britein this loading may generally be ignored
but there are circumstances, eg where dead load stability is eritical or the
case of opening bridges, when this effect should be taken into account.
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4.1.2.1

4,1.2.2
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4& 1 nt{nl'i

Jolad

IIVE IOADTNG

Stan.m hiﬂlm Live loa.ciipg

The effects of the standard live loadingy ghali, where appropriate, be
distributed in accordance with a rigorous distribution analysis or on the basid
of dats derived from suitable testn,

EEEE HA snd tyne iB loaﬂinﬁ Standard highway luadmgs congist of Lype HA,
which is the normal design loading for Great Britain and iyvpe HB which is t,he
alnormal it loading, applied in accovdarce with 4.2, Details of these

loadings a8 givew in Appendix A of the Mandard are tc be followed wvbject to
the modificationg in thie Memorandium,.

4‘.r

The releveani clausee of the Standard are litiied in Apperdix & of thiwm
Mayorandum,

jdth snd number of

ﬁtgg E h:ngw&lve J.n

Dafinition of a carriareway, For the parposes of this clawse the carriasgewsy
shall be the paved road surfacing between raised kerba as shown in Technieal
Memorandum H9/71 exeluding the hardstrip* adiacent to the offside lane of:i=

Lo g uagd iz goojimotion with

8. & dual three lane rural motorway,
b. 2 8lip road of a rural woltorway, having normal** crossfsll,

ce 2 Blip road of & rural all=purpess road having normal®** crossfall.

Bridoes having a oarrisge width of 4,50 weires or more, The carriageway
. oa¥ " ————— . P

L be divided icto a mmber of traffic laned in sccordsnce with

Clause 4 1:241 of the Standard. The adlitional requirements in Table 11

#hall be copplied widl whore relsventy

TAGLE VT o WIWNER 07 JANES FOR CaTRTAGKWELT WD

A Sl 1 Nem, 2 I g, o 1
3 b
arriogeway aildin {F W ol lones
» LA Yy T e _L TR L i e il S,
:
R up o and ineluding A0, %m 3 i ‘

Brideor bavivg o sare:sgoy '-""”@mw““‘ of ’;-=-vt*.:.'“ wetpeg. Tho nuzher of
traffic lonest Boall Do derasmminet in aco T Dlause A.1.2.2 of the
Standard. The muber of traffic leneg may ha o nonedsdegral numbey ix which

case the loading 1o %o he obtained vro radn.

Two zuppratroctures carcied on ope substoiotves, Where two superstroctures
are providad lor dual carrisgeways and src corried on 2 unified subsiructure,
the nunber of traffic lanes curried by the substructure shall be taken as
the zum of the traffic lanee on Doth supersiroctursz,

distribtuted lovading., Type A& vdl shall be applied in
accordance with A1{1) of the Standard except that for loaded lengths up to
6.5 metres the HA udl shall be taken as 31.5 XN per linear metre of traffic lane.

* The exclueions result from the absence of a hardstrip on the typical
croes—eection of the road approaches to the bridge.

##* Az opposed to r-e-verﬂad fall where murface water drains towarde an offside
hardstrip which ig al rovided on the rosd approaches 4o the bridges In this
cafe, the continuous trip is included,
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4. Type HA knife edge load. The knife edge load of A.1.{2) of the Standard

shall not ©e applied in accordance with A.%.1 but as follows:

8. Un longitudinal members and stringers, in a direction at right
angles to the span of the member,

b. On cross-members, 1nclud1ng transverse cantilever brackets, in
a direction in line with the span of the member.

¢. On plates, right slabs and skew slabs, whether or not they span
longitudinally, transversely or as ¢antilevers, in a direction which
produces the most severe effect. The knife edge load to be applied
shall be 40 kN/m {(full value) or %0 kN/m (3 full value) irrespective
of the width of lane. %

L,1.5 fype HA 112kN wheel Joads. Yhe two 112kN wheel loads are applied in line
transversely to the direction of traffic flow, spaced at 0.9 metre centres
as in A4,1.(3) of the Standard. The contact area of each wheel shall,
however be distributed in accordance with 'r,1.6 below.

The type HA wheel loading is to be used only where the member supports a small
area of roadway, such that it may be called upon to carry the weight of cne
or two wheels, and where the proportion of distributed load and knife edge
load which would be allocated to it is small (see also Clause 8),

L.16. Contact Area of HA and HB wheels. The contact area of each type HA and HB

wheel load shall be assumed to be uniformly distributedznver a circular
or square area taking an effective pressure of 1.% N/mm“,

4,2 Application of standard nighway live loading
L.2.1 Class of road

The following structures shall be designed to resist the more severe effects
of either of the loadings given in Table 12 in combination with other leoads.

[ABLE 12 - HIGHWAY LOADING FOR VARIOUS CLASSES OF ROAD

Claess of road carried by structure Standard hipghway loading
Motorways and trunk roads (or (1) Type HA loading or
principal road extensions of trunk {2} tvype HA loading combined
routes, eg in County or with 4% units of type HB
Metropolitan Boroughs). loading.

Type BA loading or
Type HA loading combined with
37.5 units of type HB loading

Principal roads

b

R
My
[

Other public roads (1} Type HA loading or
{2} Type HA loading combined with
Z0 unite of type HB loading.

Accommodation reads, bridleways Type HA loading oniy

and byways. (Thie supersedes the 2nd sentence
of para 5.8 of the Motorway
Design Memorandum),

For =11 public highway bridges the minimum number of units of type HB
leading which shall normally be considered is given in the above Table,
but this shall be such greater number up to 45 as directed by the
appropriate authority.

3.




2,2

JaZe3a 3

2.t

Iype of construction ‘

Where type HB loading or the two 112 kN wheels of type HA loading or the
accidental wheel loading is combined with other loading, basic permiasible
stresses may be increased, in accordance with the provisions of the relevant
deocuments listed in Table 17,

TABLE 13 - DESIGN DOCUMENT TC BE USED FOR VARIOUS TYPES OF CONSTRUGTION

Type of congtruetion Degicn document

Steel pirder B5S 153%: Pert 3B

Composite structural steel and concrete @ P 117: Part 2

Beinforced concrete Technical Memorandum (Bridges)
BE 1/73

Prestressed concrete Technical Memorandum (Bridges)

BE 2/73

Highway live loadips on o sipele guperstroctire

Type HA Jcadinz  On single carriageways and on dusl carriageways on
aingle sopsvstructires, fype dd loading shall be applicd in aceordance vwith
Clause 4.1.3 of the 3fandard.

Type M0 Goadine wholly within one sraffic lane  On single carriapewaya
ard on dzed carriacewsays on Cinsde superslructores, type HD leading shall
be apelicd in acoordance with Ulause 4.1.3 of bthe Standard.

By haadiio O There an element can boe more
e ‘ L , Cweidcde atiadiling guy two hraffic lansz,
wf ouney Ghe venicole sebobitetes for

1,

Clie lane width, The remsinder of the straddled
Tane widih shall be Londed with % type IA loading.

toypee (L
Lanes an ooy

SRR RSN

vide of il

a
‘ I

Gioa sinesds onrela oway, Akl other SealUio lanes are londed with %‘type A
Leading,

Oroa Dunl cavrdazewsy on o single superstmictors, [ull type H& leading shall
' baent dn bwo other Sralisio luned on Whe carriageway aob carcying
Bee ALL wlier trpaffic lswes on the supsrsiructure shall be loaded

torpe D Lood .

Omission of parts of the highway leading  Attention is drawn to the

requirement that the effects of live load shall not be taken into account
where these are opposite in sign to the total effect or where the most
gevere effect on the element will be diminished by its presence. Apart
from the simple application of this provision to positive and negative
areas of influence lines for a continuous member, this requirement is =lso
spplicable to bype HB loading; any one axle or bogey (ie two zxl=s 1.9m
apart) shall be ignored if by so doing a more severe effec¢f on the element

will result,

3.




#Q5 Multilevel superstructures Where multilevel superstructures are carried
on common substructure members (as, eg columns of a multilevel interchange),
superstructures ghall be loaded so as to produce the most severe effect in
the member under consideration. In determining the intensity of HA u.d.l,
the portions of the miltilevel loaded length which produce the most severe
effect shall be taken as the total combined length of the loaded portions.

Only one type HB vehicle shall be considered,

h2.6 Dispersal of type HA and type HB wheel loads., Dispersal of wheel loads
shall be in accordance with Clauses A.3.6 and A,5.4 of the Standard.
Dispersal means the spread of loading through surfacing, fill and the like,
as opposed to distribution which means the sharing of load from directly
loaded members to other members as a consequence of the stiffness of the
interconnecting construction (deck slabs).

L,2,7 The type HB vehicle This shall normally be considered in the most severe
position laterally within the width of the traffic lane it occupies; however
in the case of the nearside traffic lane the vehicle shall be positiocned so
that there is at least 200mm between the centreline of the wheels and the
kerbn

L 2.8 Central reserves and hard strips excluded from the carriageway by 4.1.2.1
These sghall not be loaded with live doad in conaidering the overall design
of the structure. However, these areas shall be capable of carrying the
more severe of the following loads:

The accidental wheel loading (see 4.7)
OR
Full type HA loading.

This provision shall be satisfied if the area being considered is supported
by structural members which are of the same form and strength as those
depigned to carry the loading applied to the adjacent traffic lane.

L,2.9 Load distribution analysis  Advantage should be taken of the transverse
diatribution of both type HA and type HB loading where overall economy can
be achieved. Approved methods for the determination of bending moments and
shear forces include the Morice and Little {up to 209 skew), Hendry and
Jaeger methods and two - and three - dimensional Frame and Finite Element
analyses, The reduction factors in Clause A5 of the Standard are acceptable
for skews up to 20°. Approved computer programs are listed in Technical
Memoranda BE 2/76, BE 1/7% and BE g/?ﬁ.

The local effects of wheel lﬂﬂdﬁ on slabs may be calculated by the methed
of Westergaard (1) or Pucher (2 .-

4,2,10 Combined effects Where elements of a structure can sustain the effects of
live load in twa ways, ie as elements in themselves and alse as parts of the
main structure eeference shall be made to Clause A.3.10 of the Standard.

L, 3 Longitudinal load

The horizontal longitudinal load resulting from the traction or braking
of vehicles shall be in accordance with Clause 10 of the Standard.
Longitudinal loads shall not be considered in combination with centrifupgal
load,

(1) 'Computation of Stresses in bridge slabs due to wheel loads',
M Westergaard, Public Roads, Vol 11 No.,l March 1930,

(2) 'Influence Surfaces of Flastic Plates', A Pucher, published by
Springer - Verlag, Vienna and New York, 1964, Translation by H Juhl,
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b5
ho5.1

h.5.3

Los.h

b6

iy .7

4,7.1

Centrifugal load .

Radial lateral leads P shall be applied at 50 metre centres in each of two
traffic lanes where

50 OO0
P=riss N
r = radius of curvature of the traffic lane in setres.

Each load P may be distributed along % metres loaded length or divided into
two parts of 4P and §P at 5 metre centres longitudinally.

The leads shall be applied at the surface of the road and parallel to it,
and chall be considered in combinatien with a vertiecal lead of 300 kN
diatributed along 5 metres loaded length in each of these traffic lanes at
each point of application of the locad P. Where P is divided into two parts
the vertical loading shall he divided in the same proportions and applied
at the game points,

The centrifugal load shall not be considered in combination with leongitudinal
loads, or vertical live loads other than the 3200 kN loads directed here.

Loads due to vehicular collision with parapets.

Farapet post anchorages. Reguirements for highway bridge parapets arc given

in Technical Memorandum BES., The factor of 1.5 on parapet post anchorages is
intended to safeguard the permancnt structure so that it would not require
expensive repair as a result of parapet damage. If the cost of providing
this strength at the anchorages throughout a long structure is preater than
the cost ol repairing local damage due to a severe impact, this factor may

be reduced to 1.0 oxcept at end posts or positions of discontinuity in
parapet rails,

Structures supperting vehicle parapets. In the desipn of a structure supporting

a vehicle parapet, the effcet of a collision may be taken as a single load
lad times the load P, specified in Technical Memorandum BES for the parapet.
This factor is an allowance for the parapets having a resistance higher than
iz specified., 'The load should be shared equally between the main longitudinal
members of the parapeft and applied at the position in plane where it would
produce the most severe effect,

Associated vertical loading on supporting structures. The vertical loading

adjacent to the ceollision point shall be assumed to he the accidental wheel
loading placed in the position which will have the most severe effect,
(See L.7).

Effect of combining horizontal and vertical loading. Where the effects of

4.5.1 and 4.5.7 are diminished by the affects of 4.5.% the latter shall be
ipnared.

Loading for fatigue investigations

Refer to Technical Memorandum (Bridges) No. BE 16.

Aceidental wheel loading.

Areas subject to this loading.

a., Verges behind raised kerbs.

b. Central reserves and hardstrips excluded from the carriageway by ho1.2.1
{For other loading see 4.7.0).

c. Footways and cycle tracks in certain circumstances (see 4.5 and 4.3).
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h.9.1
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Wheel loading and disposition. The wheel load arrangement, shown in Figure 11,
shall be placed in the position which will have the most severe effect. This
loading applies to local effects and shall not be taken into account in
determining global effects on the deck,

FIGURE 11 - ACCIDENTAL WHEEL LOADING
30 kN ' 50 kN rtqu kI
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Associated type HA loading. Where the effects of this accidental wheel

loading on main members supporting the carriageway are being considered the
carriageway loading shall be assumed to consist of full type HA loading on
one traffic lane and one third type HA loading on the remaining traffic lanes.

Contact area of wheel loads, Each wheel load shall be deemed to ineclude
impact and to be distributed over a circular contaot area 250mm in diametsr.

Increases in permissible stresses. Basie permissible stresses may be
increased when accidental loading is combined with parapet forces and other
loading in accordance with 4,2.2.

Footway and cycle track liva loading,

Bridges supporting footway and/or cycle tracks only. The live load shall
be taken as 5.0 kN/mc.

Epidges supporting highway, footway and/or cycle tracks.
The live loading shall be taken as the more severe of either (a) or (b) below,

a. For loaded lengths up to 23 metres, a uniformly distributed live load
of 4.0 kN/m<.

For loaded lengths in excesa of 2% metres, a uniformly distributed live
ioad of K x 1,0 kN/m2 where

K = HA UDL for the appropriate loaded length
- 31.5 KN/m

b. Where the footway or cycle track is not protected from traffic live
loads by an effective barrier, the accidental wheel loading specified
in 4.7 in the most severe position.

Sign/eignal gentry live locading.

Gantry live loading includes for maintenance and ice/snow loads.

OR

Global effects. A live load of 1.5 kN/m run of gantry.

Local effects, A live load of 2.0 kN/ma on walkways and their supporting
members,
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5.
51

Sl

DYNAMIC LOADING

Highway bridges

The dynamic effects of standard highway loading on commonly occurring types of
highway bridges are deemed to be covered by the impact allowance included in
traffic live loading., Special consideration, however may need to be given to
unueually flexible bridges (eg suspension, cable~stayed etc) where dynamic
behaviour may be critical.

Footbridggs

The dymamic behaviour of footbridges szhould be such that no discomfort or
alarm is caused - to the majority of pedestrian u=ers,

For footbridges where f, the fundamental natural frequency of vibration for
the unleaded bridge exceeds 5 Hz, this regquirement is deemed to he satigfied.

For footbridges having a value of f equal to or less than 5 Hz, the maximum 2
vartical acceleration of any part of the deck shall be limited to :%-Jf m/sec .
The maximui acceleration shall be derived in accordance with Appendix C.

5.2.1 Damage from forced vibration., Consideration should be given to the

5-3’

possibility of permanent damage to a footbridge by a group of pedestrians
deliberately causing resonant coscillation of the bridge. As a 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
a reverssl 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 this effect.

L]
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Dynamic effects arising from live loads due {0 maintenance may be disregarded,
Conzideration may need to be given however to dynamic effects arising from
other sources (eg wind induced oacillations ).




6.1.1

Gala?

6.1.3

6.2

LOADS DU TO VEHLCLE COLLIZICNW WITH HICHWAY STRUCTURES

Displacement of highway structure supports.

The conseguences of impact on supports adjacent to the carriageway edge
shall be considered in the desipgn of all hipghway structures to ensure that
the superstructure will not collapee under dead load. Gonnections between
structural members shall be designed to resist or accommodate relative
movements without collapse. Supports éomplying with 6.1.1. and 6.1.2 ox
5011 and H.1.3 as appropriate are desmed to matisfy this reguirenent.

Protection of highway structure supports. Safety fences shall be provided
to protect all supports subject to possible vehicilar collision. Strength,
minimum length requirements ete are given in Tech Memo H9/73.

Highway bridee over road, Highway bridge supports shall he capable of
resisting all of the impact loads in Table 14, applied concurrently.

TABLE 14 - IMPACT LOADS ON HIGHWAY BRIDGE SUPPORTS

Load in kN Load in kN | Point of Application
nermal to c'way | parailel
to c'way
Impact from 225 7S Any one brazket attachment
guard=rail’ point or, for free standing

fences, any one point 750mm
above the carriageway

Residual impact At the most severe point
above guard-rail 150 150 between 1 and 3 metras
above the carringeway.

Footbridge or sign/signal gantry over road. Footbridge and gantry supports
shall be designed to resist an impact of 50 kN acting in the most severe
direction and at the most severe point up to 3 metres above the carriageway.

Impact loading on highway and footbridge superstructures from overheight
vehicles

For all bridge structures with a minimum headsoom clearance less than 5.5 metres
the superstructure and its connections shall be capable of resisting an impact
of 50 kN acting in the most severe direction between the horizontal and the
vertically upward direction,applied to the most severe point on the soffit.

Highway or footbridge over British Rail tracks

Impact loading shall be subject to approval by British Rail and the Railway
Inspectorate,

Highway or footbridge over nagivable waterways

Impact loading shall be agreed with the relevant suthority.

Loading combination

Impact loading on highway structure supports. Impact on supports shall be

considered in combination with dead load plus superimposed dead load plus
0.5 x wind load.

impact loadine op bridge superstructure. Impact on the superstructure shall
be considered in combination with dead load plus superimposed dead load only.

Method of analysis

The capacity of members including the connections and the foundations which
resist the impact loads shall be based on ansanalysis at ultimate conditions,
The safety factor against collapse shall be not less than 1,10.
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7.l

EARTH PREGSURES ON RETAINING STRUCTURES

Effects of filling material

Where filling material is retained by part of the struocture, the loads
calculated by =0il mechanice principles shall he talken into account.
Whore the superimposed dead losd comprises filling, as eg on spandrel
filled arches or £il1l behind earth retaining structures, consideration
should be given to the possibility that the filling material may become
saturated. Considersation shall also be given to the effects of the
removal in whole or in part of the filling material which has an effect
alpebraically opposite in sign to the total effect being calculated,

Live lond surcharge.

In the absence of more exact calculations, the normal allowance of 0.6
metres of surcharge may be ascumed to cower full type HA loading but this
should be increased to 1.2 metres for 45 units of type HB loading. These
values are based on a density of 1900 kg/m5 and should be increased in
inverse proportion for lesser densities, eg for a backfill of density
1500 kg/m?: 0.75 metres of surcharge for full type HA Loading.
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8.2

8.2.1

8.2.2

8.2.7%

LOADING ON BURIED STRUCTURES

General.

The following clauses apply only to buried structures of span or internal
diameter greater than 0.9 metres which have a minimum depth of fill greater
than 0.6 metres., For buried structures having a span or internal diameter
less than or equal to 0,9 metres, the design data in Building Reasearch
Station document "Simplified tables of external loads on buried pipelines"
may be used.

These clauses do not apply to spandrel filled arches.

Highway live loading.

The structure shall be designed to resist the more severe effects of the
type HA and type HB wheel loading, in combination with other loads as
appropriate,

Digpersal of type HA and type HB wheel loading., Dispersal of the wheel loads
may be assumed to occur from the contact area on the carriageway (see 4,1.6)
to the level of the top or crown of the buried structure and shall be taken
at a slope of 2 vertically to 1 horizontally as shown in Fig 12. Wheel loads
not directly over the structure must nevertheless be considered if the
dispersed loading cverlaps the edge of the structure.

FIGURE 12 - DISPERSAL OF WHEEL LOADING

F PE
F —1 I L

1 L done 1: P or Pp uniformly

! distributed over length L; or

L2 respectively.
Zone 2: Pj + P> uniformly
3 distributed over length Lg.
LQ - vhere F. and P_ represent wheel loads,
/- = AY 1 g

Application of Boussinesgq theory. As an alternative to dispersal of the

wheel loading, where the depth of fill exceeds 1 metre, the preassure
intensity may be derived from Boussinesqg theory.

Longitudinal loads. The structure shall be designed to resist lengitudinal

loads resulting from traction or braking of vehicles unleas provision has
been made for the transfer of such loads by the road slab.

Iraction or braking loads may be disregarded on buried structures covered
by a fill depth exceeding the span or diameter of the structure.
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8.3 Tenperaturc effects .

8.3.1 During construction, Temperature effects shall be considered for the
erecticon condition of all buried structures in accordance with 3.4,

Ba3a2 In service, Buried structures of & length up to 5 times the apan or
diameter, are considered to be open to the atmosphere and temperature
effects are derived from 3.4,

Faor buried structures of a length exceeding 5 times their span or diameter,
the requirements of 3.4 may be modified as in Table ]5.

TABLE 15 TulMPrrATURE TFFLCTS TN BURILD STRUCTUBﬁS

Span or diameter | Fill depth Temperature C

netres metres Range Difference

= 3 =0,0 Disregard temp. affects
= 3 = 0.6 = 0,75 10 + 10  Fig 10 values
=0, 15- 1.0 120+ 6 % Fip 10 values

Tl = 20 10 4+ 3 Disregard
=2,0 Disregard tenp. effects
I

Structures asubject te thermal effects other than from atmospheric sources
{eg roof slab over a metro} or closed structures at steady internal
temperatures but variable external temperatures or vice-versa, require
special consideration and advice shall be sought in such cases.

Bkt Reinforced conerefe cylindrical pipes

Pipes shall either be designed to comply with the Department's standards
or shall be load tested in zccordance with British Standard 5%6:Part 2:1972
and manufactured under BSL kiftemark licence.

P ELLIOTT

Assistant Chief Engineer

Bridges Engineering Design Stdndards Division
Department of the Environment

5t Chriatopher House

Southwark Strect

London SE OTE

14th Pebruary 1977

Technical enquiries or comments on this Technical Hemorandum should be
sent in writing quoting the reference given on the cover sheet to:

The Aszistant Chief knpineer

Bridges Engineering {Design Standards) Division
Department of Transport

5t Christopher House

Southwark Street

London SEL OTE

Diatribution enguirics should be made to Highways Manual Branch, Room P2/0174,
2 Marsham Street, London SW1P 3EB Telephone 01 212 LOLh,
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APPENDIX A

The following clauses of BE 153: Part 3A: 1972 as amended by the appropriate clauses

of this memorandum are particularly relevant to the loading to be considered
design of highway siructures,

B5 155: SPECIFICATION FOR STEEL GIRLDER BRIDGES: PART 3A LOADS: 1972
1. Scope
D Dead Load;
S5ec aleo clause 3,1 of this Memorandum,
1.1 Standard highway lecading

Unly the clauses of Appendix A of the Standard listed below;
See also clause 4.2.,1 of this Memorandum,

L Width and nomber of traffic lanes:
Sub-¢luusnes amended as below:
k.i.2.1 Bridpes having a carriageway width of L. 60m or more;
See also clause 4,1.2.2 of this Memorandum.
baa,2,2 Bridpes having a carriageway width of less than 4,60m;
See also elause 4,1,.2.3 of this Memormndum,
bol.2.3 Number of lanes;

lst paragraph enly,
See also clauses 4.1.2.1 and 4.2.8 of this Memorandum.

ho1,3 Application of standard loading on a single superstructure;
See also clause 4.2.% of this Memorandum,

10, Longitudinal forece on highway bridges;
See also clause 4,45 of this Memorandum,

15. ¥orces on parapets.

16. Combination of forces;

in the

This clause shall be taken to refer to steel girder bridges only,

(other than steel box girder bridges).

For other types of structure see clause 2.6 of this Memorandum.

18, Anchorage;
Sec alse clause 2.2 of this Memorandum.
A.l Type HA loadingy

See comments on sub-clause below.
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4.1(1)

A.1(2)

A 1(3)

A3

A.33

AT b

A.3.10

Uniformly distributed loading; .
See also clauze 4.1.3 of this Memorandum.
Enife edge loading;

Delete relerence bo olause AlL%.1 of the Standard and substitute
clause 4.1.5 of this Memorandum,

Two wheel loads;
For details of contact area refer to clause §.1.6 of this Memorandum,
Delete "and on cantilever projections not exceeding 1.80 m."
Delete para b and last para.
Application of type HA loading;
Sub-clauses anended as below.
Total end live load shear,
No allowance for impact or dispersal of UD loads or KE load;
But see clause 8.2.1 of Lhis Memorandum,
No allowance for impact under wheel loads.
Digperssl under wheel loads;
See also clauses 4,2.6 and 8.2,1 of this Memorandua
Reinforced concrete slab desipn;
See also clawses 4.1.% and 4.2.9 of this Memorandum,
Combined effects of live load;

Delete second parayrefer to clause 4,2.2 of this Memorandum for
increases in permissiblo stresses.

Table 1 and Figure 1:

Type HA equivalent uniformly distributed load;
For losded lengths up to 6.9m refer to clause 4,1.1.1 of this Memorandum.
Slab and besm loading;

Where the traffic lane width is over %m, the lane leading and the
load/sq metre to be applied to slabs shall be the same as the

loading to be applied to beams. The knife edge load per metre,
irrespective of the width of traffic lane, te be applied to plates,
right slabs and skew slabs shall be in accordance with the requirements
of 4.1 4(¢) of this Memorandum,




}«d

AS5.4

AS5.5

NOTE:

Type HB loading;

Delete reference to clause A,5.% of the Standard.
For contact area of wheels see clause 4.1.6 of this Memorandum.

Application of type HB loading;

Sub=-clauses amended as below.

No allowance for impact.

Incroase in permissible stresses;

Refer to
Contact areas
Refer to
Dispersion or

See also

clause 4,2,2 of this Memorandum,
of wheeols;

clause 1,1.6 of this Memorandum,
distribution of wheel loads;

clause 4.2.6 of this Memorandum.

Reduction factors for type HB wheel loading,

Clansze AL has

not been inecluded because it is no longer valid for the

constant intensity of the unifermly distributed part of type HA loading
on loaded lengths up to 6.5 m and because the 25 per cent overstress iz
no langer generally applicable. See clause 4.2,2 of this Memorandum.
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APPENDIX B

F
NQ\SURED TEMPERATURE DIFFERENCES
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APFENDIX C
.-'RIVATION O MAXIMUM VERTICAL ACCELERATION WOR FQOTHRIDGES

C.1 Approximate method. "Thisz method is valid only for single span or two or three
gpan continmuous symetric superstiructures. In addition the deck must be of
constant crogs—section and supported on bearings which can be idealised as
knife—edged supports.

The maximum vertical acceleration a, in m/5902 ghall be taken as 3

a = 4 ‘rrﬁ 2 v, K ¢ where

I = fundumental natural frequency in Hz gee C, 1.3
y_ = static deflection in metres zea C. 1.4
KD = confipuration factor see C, 1.5
* = dynamic reeponse factor see C. 1.6

For values of f greater than 4 Hz, the caleculated maximam acceleration may be
reduced by an amount varying linearly from zero at 4 Hz to 70% reduction at
5 Hz,

Ce1.1 Modulus of elasticity. In caleulating the values of £ and y_, dynamic
modulii of elasticity shall be used for concrete and for steel. For steel,
in the absence of a dynamic value, the static modulus may be considered
sufficiently accurate. Dynamic modulii are given in Clause 4.1 of Th 1/73.

Cel.2 Second moment of area. In calculating the values of f and ¥_» the second
moment of area for sections of discrete concrete members may be baged on the
groas concrete zection ignoring the presence of reinforcement.

C.t.3 Mundamental natural frequency f, The natural frequency is evaluated for the
bridge including superimposed desd load but excluding pedestrian live loading,

The =tiffness of parapets and the like shall be included whers they contributs
to the ovewnll stiffness of the superstructure,

G.1.4 Statie defiection y . The static deflection is takem &t the mid-point of the
main epan for a vertical concentrated load of 0.7 kN applied at this point,
ffor three span bridges, the centre span is the main span.

C.T.5 Configuration factor K. Values of K shall be taken from Table C.1 below:

TABLE C.1 = CONFPIGURATION FACTOR K

Bridge configuration Ratio L1/L K
£ A - 1.0

A i) i = 0.7
ETTT T 2 1.0 | 0.6
C.8 0.8

0.6 or leia 0.9

For threa gpan continusuz bridges, intermediate values of K may be obtained
by linear interpolation..
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C.1.6 Dynamic response factor 11. Values of '#l are given in Figure C.1 .

In the absence of more precise information, wvalues of £ s the leogarithmic
dectremant of the decay of vibration due {o structural damping given in
Table C,2 =hould be used.

TABLE C.2 = LOGARITHMIC DECREMENT OF DECAY OF VIBRATION =— S

Bridge superstructure 5

oteel with asphalt or epoxy surfacing 0.03
Composite steel/concrete 0.04

Prestressed and reinforced concrete 0,05

Rigorous method. For footbridgses which do not conform to those of C.1,
the maximum acceleration should be calculated assuming that the dynamic
loading applied by a pedestrian can be represented by a pulsating point
load F, moving across the main span of the bridge at a constant speed v
as followe:

F = 180 sin 2 Trf t (Newtons) where t = time in seconds.
v = 0.9 ° (m/e)

For values of [ greater than 4 Hz, the calculated maxinum acceleration may

be reduced by an amount varying linearly from zero at 4 Hz to 70% reduction
c']..t 5 HZ.
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BE 17/2/01
. DEPARTMENT OF TRANSPORT
ROADS AND LOCAL TRANSPORT GROUP

TECHNICAL MEMORANDUM (BRIDGES) BE 1/77: STANDARD HTGEYAY LOADINGS
AMENDMENT LIST NO A

The following amendments shall be made to the above document to update the
Department's requirements pending the general adoption of BS 5400: Part 2:
July 1978.

Those pages requiring substantial amendment have been reproduced in full so that
they may be included as amended pages.

PAGE  CLAUSE AMENIMENT

i £.5.5
‘ Amend clause title %o:

"Frictional restraint at bearings"

1ii Dalete page iii, insert amended puge iii attached

iv 4.2.1
Amend clanse title to:

"Number of units of type HB loading"

12 Delete clause title (not used)
vi 60741 ‘
Amend clause title to:
"Protection at highﬁay structure supports"
8.4

Amend clause title to: "Pregast concrete pipes”

Appendix B
Amend Appendix title to:
WYALUES OF 'T! WOR A RANGE OF SURFACING DEPTHI"

vii Table 7
Delete table (not used)
Table 10
Amend title to:
"Adjustment to effective bridge temperature for depth of surfacing”
Table 12
Amend title to:
"Number of units of type HB loading for various classes of road"
Table 13 pejete title (not used)
Fimure 1

Amend title to: "Isotachs of mean hourly wind speed (m/s)"




PAGE  CLAUSE AMENTMENT ‘l' '

Figure 8
Amend title to: "Isotherms of minimum shade air temperature (%)

Figure 9 o
Amend title to: "“Isotherms of maximum shade air temperature (C)"

1 1avi Insert additional item as follows:
Myi, Traffic signs - Traffic signs manual"

b 2.5.4.3
Delete clause, ingsert amended clause ag follows:

"2.5.4.3 Ultimate load combination. For presireased cancrete
highway bridges, dead load, superimpesed depd load and live load
due to traffic shall be combined in accordance with Clause 7V of
Technical Memorandum BE 2/73: Prestressed concrete for highway
atructures,

For prestressed concrete footbridges end gantries, desd loed,
superimposed dead load, live load and wind load shall be combined
in accordance with Clause 5 of Technical Memorandum BE 1/78:
Design criteria for footbridges and sign/signal gantries."

2.5.5

Delete clause, insert amended clausge as follows:

"2.5.5 Frictionsl restraint at bearingg. The restraint at
roller and sliding bearings shall be derived from the dead load

and the superimposed dead load."

5 3.3.1, para 2, lines 7 and 8
Delete lines, ingert the following:

"Figure 1. These wind speeds are appropriate to a height above
ground level of 10 metres in open level country and a 120 year
return period.”

3.5.2, line 6
Delete line, insert the following:

"K, =a coefficient related to return period See 3,3.7.2"
6 Fig 1, title

Amend title to: "Isotachs of mean hourly wind speed {m/s)"
7 Delete page, insert amended page 7 and additional page Ta attached
8 3.,%.2.5, para 1, line S

Delete 'windbreaks!, insert "obstructions"

3-3-2.6

Delete whole clause, insert ameuded clauge ag follows:

"3,3.2.6 Hourly speed factor Ky for minimum wind gust speed.
Where wind on any part of a structure or element gives relief to
the member under consideration, the effective co-existent value of
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PAGE CLAUSE AMENDMENT

minimum wind gust speed on the parts affording relief (and on
any adverse areas not subject to maximum wind) shall be taken
ag follows:

for unloaded structures: v =vK K

c 172
%]
for live lpoaded structures: vc = the legger of 35 x-gz
and v K1 Kz

where v, Kq and Sp are defined in 3.3.2.1, 3.3.2.2 and 3.3.2.4
regpectively, and

K- = hourly speed factor as given in Table 4

5> snd K» may be medified, where appropriate in
accordance with 3.3.2.5."

3.3.2.7, lines 2 and &
Delete '33', insert "35"

9 3.3.3.1.21
Delete sub-clause, insert the following:

"{ TUnloaded bridge with open parapete. The transverse wind
load Py is EerIvaE separately for t%a following:
a. deck

b. windward parapet and where appropriate, the safety fence
c., leeward parapet and where appropriate, the safety fence

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

10 3.3*3.2.11 titlE
Amend title to "Single beam or box girder"

DeBedelald
Delete clause, insert amended clause as follows:

"3.2.3.2.,2 Two or more beams or box girders. Cp for each beam
or box shall be derived from Figure 5 without any allowance for
shielding. Where the combined beams or boxes are required to be
considered, Cp shall be derived as follows:

Where the ratio of the clear distance between beams or hoxes to
the depth does not exceed 7, Cp for the combined structure shall
be taken ag 1.5 times Cp derived as specified in 3.3.3.2.1 for
the single beam or hox.

Where this ratio is greater tham 7, Cp for the combined structure
shall be taken as n times Cp derived as gpecified in 3.5.3.2.1 for
the =ingle beam or box, where n is the number of beams or box
girders."
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PAGE

16

18

12

20

21

22

23

CLAUSE

3.3543.2.3,

3+3.3.2.4,

3'3'3'4-2

AMENIMENT

title
Amend title to: "Single plate girder"

Jine 1
Delete line, ineert the following:

"3 3,%,2,4 Two or more plate girders. C. for each girder shall
be teken as 2.2 without any allowance for shielding. Where the
combined girders are required to be considered, CD for the
oombined structure shall be taken as"

Delete clrume, insert smended clause am followe:

"z .3,3,4.2 Live loaded bridme, The drag coefficient for each

truss and for the deck shall be as derived in 3.3.3.4.1. CD on

unshielded parte of the live load ghall be taken as 1,45,"

Table 6, columm 2, row 3

Delete 'k', insert “&"

Table 6, note 2, line 1

Expression should read "t/b=1/3"

Table 6, note 3, line 2

3.3.3.9.2,

Delete 'lesser', insert "zreater"

last line
Delete last line, insert the following:

“dL = 2,5 m above the carriageway for highway live loading and
1.25 m above the footway for footway and cyele track %ive
loading.

Delete page, insert amended page 20 and additional page 20a
attached

3.355, line 5

Figure 7

After 'Fig 7', insert "for structures where the angle of
giperelevation ie lesa than 1 ."

After title to abscissa, insert "(See fig, 4)."

Delete page, insert amended page 22 attached,

Figure 8, title

Amend title to:
WFIG, & ISOTHERMS OF MINIMUM SHADE ATR TEMPERATURE (©¢)"
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. FAGE CLAUSE

24 Figure

25-28

inclusive

29 3.5.2,4
3.5.3,
3.5.4,

31 4.1.4
4.2,1

AMENTMENT

title
Amend title to:

"FIG 9. ISOTHERMS OF MAXIMUM SHADE ATR TEMPERATURE (%¢)®

Delete page, insert amended pages 29-28 attached,

line 1

line ? Delete taccomodate!, insert "accommodate®
lines 1 and 3%

Delete claunse, insert amended clause ae follows:

"4,1.4 Type HA knife edze load (kel). The HA kel of A1(2)

of the Standard shall be 120 kN per traffic lane

for full HA or 40 kN per traffic lane for % HA as avpropriate,
The kel shall always be taken as amecting uniformly on a straight
line extending over the width of the traffic lane except as

in iii below, where the intensity of 120/W or 40/VW as
appropriate shall be used, where W is the traffic lane width,
For the desmign of the structural elements given below, the
orientation of the kel shall be as follows:

i, for longitudinal members and siringers - in a
direction parallel to the supporta;

ii, for crosa members, including transveree cantilever
brackets ~ in a direction in line with the span of
the member;

iii. for plates, right slaba and skew slabs, apanning or
cantilevering longitudinally or transversely -~ in a
direction which produces the most severe effect; and

iv, for piers, abutments and other members supporting
the superstructure - in a direction parallel to the
seupporte.”

Delete clause, insert amended clause as followe:

"4.2,1 Number of units of type HB loading, The number of units
of type HR loading according to the elasg of road shall be aa
miven in Table 12.

Shest ©
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CLAUSE AMENTMENT
TARLE 12 — NUMEFR OF UNITS OF TYPE HB LOADING FOR VARIOUS
CLASSES OF ROAD
Claes of road Fumber of units of
carried by astructure type HB loading
Motorways and Trunk Roads
(or principal road exten-
eiong of trunk routes - eg
in County or Metropolitan
Borﬂughﬂg 45
Principal roads 37.5
Other public roads 30
Accommodation roads, bridle-
ways and bywaye 0
Por all publie highway bridges, the minimum number of unite of
type HB loading whieh ghall normally be coneidered is given in
the above Table, but this shall be such greater number up to
45 as directed by the appropriate authority."
4.2.2

Delete clause and Table 13 {not used)

4!?13, lina 1 .
Inzgert additional sentence after title as follows:

"Thir clanse applies to a superstructure carrying not more than
seven working lanes."

4.2.4, line 4
After Yelement', insert "or structure

4,2.,8, lir= 8
Delete 'ghall', insert "ig deemed to"

A.2.9, 1lines 7 and 8
Delete last mentence, ineert "Approved computer progrems are
given in the sppropriate documente listed in ED 2/79.%

6£.1,1 Delete clause, ingeri amended clause as follows:

"6,1,1 Protection at highway structure supporiz, Regardless of
the requiremente given in 6.1.2 and 6.1.3 below, safety
fencea shall be provided in accordance with Technical
Memorandum H9/73."

6.2, title
After 'highway', insert "bridge"

raet 6
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CLAUSE AMENDMENT

6.4, title
Delete 'nagivable', insert "navigablae®

6.5 MNethod of analysis
Amend this clmuse number to "6.6"

8.2, line 3
After 'HA', insert "wheel loading"

8.4 Delete clause, insert amended clause as follows:

8.4 Precast concrete pipes

The loading data given in Building Research Station publiecation
"Simplified Tables of External Loads on Buried Pipelines"
(HMSO 1970) may be used, subject to the provisions of BE /73"

Item 16, line b
Delete '2.6', ingert "2,5"

Table 1 and Fig 1, line 2
Delete '4.1.1.1", insert "4.1.3"

Appendix B '
Delete Appendix, insert amended Appendix B attached (pages Uh
and 44a)

Appendix C

Clause C.1.1, line 4
Dulate lagt sentence, inmert: “Dwnamic moduli are given in
BE 1/73."

Clause C.1.2, line 3
Ineert additional sentence as followa:

“"For the purpose of this Appendix, the effects of shear lag
need not be taken into account in steel and concrete bridges."

Clausa C.1.%, para 1, line 2
Delete line, insert the following:
"bridge having due regard to the number of spans, contimuity and

nature of supports. Superimposed dead load shall be included,
but not pedeatrian live loading."

‘Appendix C

Clauee C.2, para 1, line 2
After 'calculated', insert "from the equationsz of motion "
Clause C.2, para 1, line &4

After ‘speed v', insert "where F and v may be taken "

Sheet z



ENQUIRIES

Technical enquiries arising from the application of these amendments to a
particular design should be addreﬁsedlto the TAA for that ascheme.

General techmical engquiries or comments should be addressed to:

Aggiatant Chief Engineer

Eridge Engineering Standards Divieion
Department of Transport

5t Christopher FHouse

Southwark Street

LONDON

SE1 OTE

Digtribution enguiries should be addressed to:

Highways Procedures and Legislation 2 Diviaion
Room P3/030 :

2 Marsham Street

LONDON SWl 3EB

Telephone 01 212 4944

T A Rochester .

Assistant Chief Engineer

Bridge Fngineering Standsrds Division
Department of Traneport

8t Chrigtophexr Housmse

Southwark Street

LONDOR

SE1 OTE

31 May 1979
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32 Derivation of longitudinal wind load. The method of deriving longitudinal wind
load difiere from 3.3.3 in that P, for live loaded bridges shall be obtained
separately for the bridge and for’the live load. The total lengitudinal wind
load on the supersitructure is then obtained hy summing the separate ‘
values of Pr.

3341 All bridgmes other than truss girder bridgos

PL = 0.25 q CD A1 where

q = dynamic pressurz head = 0,613 vc2 in N/m2 where v in m/s is darived
for the unloaded or live loaded bridge as appropriate.

C, = drag coefficient (excluding reduction for inclined wsbs) as defined
in 3.3,3.3 and 3.3.3.5 for unloaded bridgzs, tut not less than 1.3.

A1 = a6 defined in 3.3.3.% for unloaded bridges.

3.3.4.2 Truss girder bridgas

P, = 0.5 ¢qCp A, where |

q = dynamic pressure head = 0.613 v ? in N/m2 whare v, in m/a is darivad
for the unloaded or live loaded bridge as appropriate.

CD = drag coafficisnt as defined in 3.3.3.4.1.

Ay = as defined in 3.3.3.9 for unloaded bridges

3+3.4.,3 Live load on nll bridges
= 0.5 g CD' A1 where

d
1

q = dynamic pressure head = 0.613 vdz in N/m2 whare v_ ie in m/s

drag coafficient, takcn as 1.45

A

arsa of live load bamsed on height dL as given in figurae 6
1 :

3.3,4.4 Parapets and safoty fences.

P, = 0.8 P, for parapets with vertical infill membars

PL = 0.4 Pt' for parapets and fences with 2 or 3 horizontal rails only

B = D.G'Pt, for parapits with m:eh pancle

whare Pt = the oppropriats transverge wind load on the parapat or fance.

3.3.4.5 Cantilever brackets extending outsids main gird=rs or trussges

PL = thz load derivod from a horizontal wind acting at 450 teo the longitudinal
axis on the arpa of zach bracket not shislded by a fascia girdzr or

adjacent brackote, The drag coefficient Cp shall bz faken from Tablz 5.

(Amendment No 1 May 1979)



3.3.4.6  Piors and structur: supporis

PL = q CD A2 whero
. 2 . 2 R
q = dynamic prassurs head = 0.613 vc in N/m whare vc i# in m/s
GD = drag coefficicnt, taken from Table 6, with valuee of b and t intcrchangad.
AE = not proj=cted area in the leongitudinal wind direction (in mg).

3:3.4.7 Sipnfsiﬁnal mantries

PL = q CD AE whaere

g = dynamic prassurs head = 0,613 vc2 in N/hz whors Ve iz in m/s

CD = drag coz=fficient, taken as 6.0

A2 = th2 net oxposed arca in m2 in gnd view of the sign and gantry structuer:.

50n (Amendment Wo 1 May 1979)
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3+3.2.1

3.3¢2.2

3.3,2.3

3.3.2.4

Mean hourly wind speed v. Values of v in metres/second for the location
of the structure shall be obtained from the map of isgtachs shown in
Fig 1,

Coefficient K., The coefficient shall be taken as 1.0 for highway bridges
for a return Deriod of 120 years.

For footbridges, Hign/aignal gantries and other ancillary highway
atrugtures, a return period of 50 years is acceptable and Ki shall be
taken as 0.94.

During erection the value of , may be taken as 0,85 corresponding to

a return period of 10 years. gre a particular erection will be completed
in two days or less and for which reliable wind speed forecasts are
available, thig predicted speed may be used as the mean hourly wind

apeed, in which case the value of Kl ghall be taken as 1.0.

For all hishway structures, when maximm temperature effects are considered
in eonjummetion with wind, shall be reduced to 0.3 (Bee 2.4.3.2 Tor
reduced temperature effects in combination with maximum wind effects),

Funnelling factor 5.. In general the funnelling factor shall be taken

as 1.0, In valleys where local funnelling of the wind ceccurs, or where &
structure is sited near hille, buildings or other obsiructions which
cause local acceleration of wind, a value not less than 1.1 shall be
taken, subject to advice from the Meteorclogical Office who shall be
conaulted wherever terrain conditions are abnormal.

Gust factor S.. Values of S, are given in Table 1. These are valid
for pites not“exceeding 300 métres above sea level.

Where the structure is located at or near the top of a ¢liff or a sieep
pacarpment, the height above ground level shall be measured from the foot
of such features. For structures over tidal water, the height above
ground shall be measured from the mean water level,

The height of vertical elements such as piers, towers and other highway
structure supports shall be divided into units in accordance with the
heights given in golum 1 of Table 1 and the gust factor and wind guet
gpeed derived for the centroid of each unit,

The horizontal wind loaded length shall be that giving the most severe
effect. Where there ie only one adverse area (nee 3,%,2,4.1) for the
element or mtructure under consideration the lealed length is the base
length 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 wind gust speed appropriate to the base length or the
total combined base lengths, The remaining adverse areas, if any and
the relieving areas (see 3,3.2.4.1) are subjected to wind having a
gust speed as specified in 3.3.2.6.

(Amendment No 1 May 1979)




TABLE 1. TVALUES OF GUST FACTOR 52 AND HOURLY SPEED FACTOR Kg

Height HORIZONTAL WIND IOADED LENGTH IN METRES Hourl
Y
above
gpeed
grovnd 20 ' factor
level or 40 60 100 200 400 600 | 1000 | 2000
Hetres less Kﬁ
5 1.47 |1.43 J1.00 | 435 | 127 | 19| 1.5 J1.10] 1006 0.89
10 1.56 [1.,55 |1.49 1.45 | 1.37 | 1.29 ]| 1.25 |1.21{1.16 1.00
15 1.62 [1,59 | 1.56 1.51 | 1.43| 135 ] 1.31 |1.2711.23 1.07
20 1.66 [1.635 | 1,60 1,56 | 1.48 | 1.40 ] 1.36 |1.32]1.28 1.1%
30 1.73 |1.70 }1.67 1.63 | 1.56 | 1,48 | 1.44 }1.40]1.35 1.21
40 1.77 |[1.714 | 1.72 1.68 { 1.61 1 1.54 ] 1.50 1.46 | 1.41 1,27
50 1.81 |1.78 | 1.76 1.72 1 1.66 ] 1.59 | 1,55 |1.51 ]| 1.46 1.%2
60 1.84 11.81 |1.79 1,76 | 1.69 | 1.62 | 1.58 |1.54}1.50 1,36
80 1.88 |1.86 |1.84 | 1.81 | 1.74 | 1.68 | 1.64 [1.60]1.56 1.42
100 1.92 |1.90 | 1.88 1.84 | 1,78 1.72 | 1.68 |1.65]1.60 1.48
150 1.99 11.97 | 1.95 1,92 | 1.86 | 1,80 | 1.77 11.74]1.70 1.59
3.3+2.4.1 Adverse and relieving areas Where an element or structure has an

influence line consisting of both positive and negative parts, in

the consideration of loading effects which are positive, the

positive aress of the influence line are referred to as adverse areas
and the negative areas of the influence line are referrad o as
religving areag.

Conversely, in the consideration of loading effects which are negative,
the negative areas of the influence line are referred to as adverse
areas and the positive areas of the inflnence line are referred to

ag relieving areas.

Ta (Amendment No 1 May 1979)
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3.4.1

3.4.2

3.4 2.1

3.4.2.2 .

3.44843

T N

3.4.2.3.7

3.4.2.3.3

3.4.2.3.4

Temperafure

Genersl. Daily and seasonal fluctuations in mhade air temperature, solar
radiation, re-radiation, etc cause:

i. Changes in the overall temperature of the bridge. The overall tem—
perature of the bridge is referred to as the effective bridge temperature
and iz defined as the temperature which governz the longitudinal movement
of the deck. Over a prescribed period, there will be a minimum and maxi-
mum value of effective bridge temperature. Effective bridge temperatures
ara derived from the isotherms of shade air temperature shown in Figuresz
8 and 9. These shade air temperatures are appropriate to mean sea level
in open country and a 120 year return period.

ii. Differences in t{emperature hteiween the top surface and other levels
through the depth of the superatructure, referred to as temperature dif-
ference., Maximum temperature differences for different types of construec—
tion and for a range of depths of purfacing are derived from the informa-—
tion given in 3.4.4.

Minimum and maximum shade air temperatures. Subject to the reservations in
3.4.2.1 these shall be teken from Figs 8 and 9 respectively.

Divergence from minimum shade air temperature. There are locations where
the minimum values diverge from the values given in Pig 8, for example,
frost pockets and sheltered low lying areas where the minimum mey be sub-
stantially lower, or urban sreas (except London) and coastal sites, where
the minimum may be higher than that indicated by Fig 8. (In coastal sress,
values are likely to be 1% higher than map values.) These divergences
should be investigated and tsken into coneideration. Consultation with the
local Meteorological Office may be helpful in these conditions.

Adjustment for height above mean rea level, The values given in Figs 8
and 9 are rslated to mean sea level and shall be adjusted for height above
mean asa lavel by aubtragting 0.5 ¢ per 100 m of height for minimum shade
air temperatures and 1.0 C per 100 m of height for maximum shade air
temperatures.,

Adjustment for return period

Highway bridges. For all highway bridges, a return period of 120 years
shall be taken and no adjustment mede to the shade air temperatures.

Footbridges and sign/signal gantries. For fooibridges and sign/signal
gantries, a return period of 50 years may be adopted and the ghade air
temperatures adjusted in accordance with 3.4.2.3.5.

Equipment having a design life less than that of the structure. Carriageway
joimte and similar equipment which will be replaced during the life of the
gtructure may be designed for temperstures related to a 50 year return
period and the shade air temperatures adjusted in accordance with 3.4,2.3.5.

During erection. For all highway structures, during erection, a 50 year
return period mey be adopted and the shade air temperatures adjnated in
accordance with 3.4.2.3.5.

In circumstances where & particular erection can be completed within a

period of one or two days for which reliable shade air temperature and
temperature range predictions can be mede, these may be adopted.

22 (Amandment No 1 May 1979)



._;.4.2.3.5 Ad justment for a 50 year return period. The minimum shade air temperature
shall be a.d;justad by adding 20C to the appropriate value taken from Fig 8,

The maximum shade air temperature shall be adaus‘ted by subtracting 1 % from
the appropriate value taken from Fig 9.

3.4.3 Minimum and maximum effective bridge temperatures. For all hishway struo—

tures, the minimum and maximum effective bridee temperstures for different
typee of construction, shall be derived from the minimum and maximum shade
air temperatures by reference to Tables 8 and 9 respectively. The different
iypea of conetruction are showm in g 10,

TABLE B MININUM EFFECTIVE BRIDGE TENPERATURE °C TABLE 9 MAXTMUN EFFECTIVE BRIDGE TEMPERATURE %
Minimug Minisum offactive bridge temperature Maximua Maximum effective bridge temperature
shade ajr shade alr
temparatare | Group 1and 2 | Group 3§ Group 4 temperature | Group tand 2 | Group 3| Growp &
- 24 - 28 - 19 - & 2k 40 3 ra
-8 - 27 - 18 - 13 25 i R 28
- 22 - 26 - 18 - 13 2% LY 3 29
- 21 - 25 - 17 -7 21 k2 3k 29
= 20 - 23 - 11 - 12 28 2 34 k!
- 19 - 22 - 18 - M 29 3 35 |
- 18 - 21 - 15 - N 10 by 3 2
-1 - 20 -1 - 1 N k& 3 32
« 1 =19 - 1 - 10 32 L1 1 3
- 15 -1 -nl - 3 45 1 3
- 14 =17 - 12 -9 i} k5 38 34
- 13 - 16 - 11 - 8 35 b6 k] %
- 12 - 15 - 10 - 1 % kA 19 36
=1 - 14 -1 - 6 3 b6 4 36
- 10 - 12 -9 - 6 34 87 &0 7
-9 . 1 R R
- B - 10 - 1 -k
-7 .9 - 60 -3
- b - 8 - 8 -3
-5 . 7 S
L 8
3130 Ad inztmert Tor depth of surfacing. The effactive hridge tempesratures are
dependent on the depth of surfacing on the bridge deck snd the values riven
in Tabler 8 and 9 2ssume depths of 40 mm for Groups 1 and 2 and 100 mm far
Groups 3 and 4, For other depths of surfacing, the minimm and meximm
effective bridge temperatures may be adjusted bty the amounts given in
Table 10,
TABLE 10 ADJUSTMENT 70 EFFECTIVE BRIDGE TEMPERATURE FOR DEPTH OF SURFACING
Addition te
Deck Surface Hinimum effective bridge temperature OC Maximum effective bridge temperature OC
Giroup 182 § Group 3 Group & froup 182 Group 3 Group &
Unsurfacad 0 -3 « + 4 0 0
Waterproofed 0 -3 -1 + 2 ¥ b +?
43 wx surfacing + ] -2 a ] + 72 +1
100 ww surfacing ¥ -- 0 0 - 0 |
200 mx syrfacing + -— b 3 + - -4 .7

# Surfacing depths include waterprooting.
,;,5 (A_mu‘nﬁmrﬂ]“ij: T il ':-'_'[":'I::r ‘]E‘\'{'Cr:)



3.4.3.2

3.4.4

3.4.41

J.A.4.7

Combination with wind effects. Where loads due to changes in the ef‘f‘.

tive bridge temperature are to be ocomsidered inm econmbination with maximam
wind losds, the minimum and maximum effective bridee temperatures shail
be taken at 0°C and 20% respentively For all loralitiess and a1l typez »f
construction. (See 3.3.2,2 for reduced wind effents in combination with
extremes of effective bridge temperature,)

Temperature difference. A temperature difference is said +n he pasitive
if the temperature of the surface of the deck is higher than the fteompere-
ture of the deck at the sperified depth. Converzely, a temparsfure dif-
ference is said to be reversed if the temperature of the surfsre of the
deck is lower than the temperature of the deck at the gpeniffied depth.

For highway and foot brideses, load effects resultine from temperature dif-
ferences within the superstructure shall be deri-ed from the deta miyen

in Fig 10, which are based on the temperature difference distributions
given in LR765*. The distritmtiens in LR765 may, if desired, be used in
preference to Fig 10.

A method of calculating the distribution of temperature is given in [RSG1**
and this method may, if desired be used to obtein temperature differences.

Effects of temperature difference need not be ronsidered in the desimm of
aign/signal gantries,

Adjustment for depth of surfacing. Temperature difference distributisnsg

are sensitive to the depth of surfecing and the dats in Fie 10 relste ~omly
to the given depthe. For other depths of surfacine, temperature differences
may be derived using the date in Appendix B. Alternatively, the arprapriate
temperature difference distributions given in LR765 may be used.

Combination with wind effects, Effents of tempersture difference need nnt
be considered in combinetion with wind effects.

*TRRL Report LRT6S 'Temperature differences in bridges: basis of design reuirements?

#¥TRRT, Report LHBG1 'The ealeculation of the distribution »f tempersture in hrideest

These reports are available from Transport and Road Tegearch Laboratory,
growthorne, Berkahire

26 (Amendment Wo 1 lay 1979}



REVERSED TEMPERATURE

GP TYPE -OF CONSTRUCTION  POSITIVE TEMPERATURE

DIFFERENCE

1. Steel deck on steel
box girders

DIFFERENCE

40 mm surfacing

\WA

h|| = 0"“'\1
hz: 02“’1
h3= U‘Bl"ﬂ

T, =24'C
L=WcC
L=8¢C
Ta= 4 C

3

S &

h, = 0:-5m
T, =6'C

2. 5Steel deck on steel truss
or plate girders

Use differences as for Grbup 1

T1

3. Concrete deck on steel box, ]
truss or plate girders - [‘}F | s

100 mm surfacing

i

by
R A
| h|| = O'Eh
hy = 0-dm
h T1 h Tll
C m *C
n-2 | 13 02 |35
03 | 16 0-3 | 50
T4 T
4L Concrete slab or concrete tnd ]
deck on concrete beams JF [
. hy hy
or box girders A -y
. ‘Th
100 mm surfacin h 3
I S ° ' :I % _Ijjhu

205k Al hy=0-3h,but=£0:15m hy=hg=0-2h, but % 0-25m
i -I_h h2=0-3h, but 0-10m < hz<£0-25m hz=h3=0-25h, but £ 0-20m
- hy=0-3h, but=0-10m + surfacing in m.
and£h-hy~hg h 1L | T | T,
. mJ'c]|c|'c|c
h ([T | T £0-2}20{05|05]|15
m [ c|c]- ¢ 04|45 141035
£02]85)|35]05 06|65 18|15 |50
04120 30| 15 08|76(17]15]60
0613030 |20 108015156 |63
»08 (135! 30|25 »15|84 05| 10|66
Figure 10. Temperature difference for different
types of construction
27 (Alsl{;'.ﬂdmeni'. No 1 May ]979)



3.4.4.3 Combination with effective bridge temperatures. Maximum positive tempera-
ture differences can occur during Spring, Summer and Autumn and shall
therefore be considered to co-exiet with effective bridge temperatures at
or above 25°C {(Groups 1 and 2) or 15°C (Groups 3 and 4).

Maximum reversed temperature differences can occur at any time of day or
night throughout the year but they are not coincident with maximum effective
bridge temperatures. This effect shall therefore be considered to co-exist
with effective bridge temperatures in the range between the minimum
effective bridge temperature and 8°C below the maximum for Groups 1 and 2,
4°C below the maximum for Group 3 snd 29C below the maximum for Group b.

3.4.5 Coefficient of thermal exggaaion. For structural steel, the coefficient
shall be taken as 12 x 10™° per °C.

For reinforced and presiressed concrete, values of the coefficient are
given in BE 1/73.

3.5 Restraint at bearings. loads due to expansion and contraction shall be
taken inteo account in accordance with the following clauses.

Febal Roller and sliding bearings. Loads shall be derived using the coefficients
of frietion given below (the coefficients are based partly on TRRL Report
LR382: Notes on Bridge Bearings). Where an appropriate coefficient of
friction is not given, this ghall be established by testing.

Roller bearings® A
Through-hardened special steel with finely ground finish 0.01
k25450 HB.

1 or 2 rollerse with as=-turned finish in:
Mild steel to BS 4360 grade 43 110-150 HB.
High tensile steel to BS 4260 grade 50 160-190 HB. 0.03
Grey cast iron to BS 1452 grade 23 190-220 HE.

As above but with more than 2 rollers. 0.05

Sliding bearings

For steel on polytetrafluoroethylene (PTFE), the coefficient of
friction varies with the average contact pressure and may be taken
as follows:

average contact pressure coefficient of friction ,42
N/mme
10 0.06
20 0.04
30 0.03

*The rollers shall be turned so that opposite faces shall be parallel within a
tolerance of £ 0,05 mm and the seatings shall be ground in the direction of travel
of the rellers so that the variation in flatness at any section parallel to the
axis of the roller shall not exceed ¥ 0,05 mm.

203 (Aot Mm 1 Ty 1970)




» N
. ’ ht

-

1
.APPENDIX B: VALUES OF 'T'* FOR A RARGE OF SURFACING IEPTHS

The values of 'I' for various surfacing thicknesses given below have been derived from
TRRL Report LR765. Refor to Figure 10 for the values of 'h' to be used in conjimction
with the appropriate values of 'T¢,

TABLE Bl: VALUES OF T FOR GROUPS 1 AND 2

POSITIVE TEMPERATURE |REVERSED TEMPERATURE
SURFACTING DIFFERENCE ©C DIFFERENCE ©C
DEPTH
(o) Ty To ) T3 | Ty T1
In=surfaced 20 16 6 3 8
20 27 15 9 5 6
40 24 14 8 4 6

TABLE B2: VALUES QF T FOR GROUP 3

SURFACING POSITIVE TEMFERATURE ] REVERSED TEMPERATURE
DEPTH OF SLABh DEPTH DIFFERENCE OC DIFFERENCE 0C
{m)

{mm) T Ty
0.2 ‘ Unsurfaced 16.5 5.9
Waterproofed 23,0 5.9
50 13.0 4.4
100 13.0 1.5
150 10.5 2.3
200 8.5 1.6
0.3 Unsurfaced 18.5 9.0
Waterproofed 26.5 9.0
50 20.5 6.8
100 16,0 5.0
150 12.5 1.7
200 10.0 2.7

A4 (Amendment Mo 1 May 1979)
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