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ASSESSMENT OF HIGHWAY BRIDGES FOR CONSTRUCTION AND USE VEHICLES

Foreword

This Code has been written by the Ministry of Tramsport and the
British Railways Poard in consultation with the County Surveyors Society,

The Cods is divided into two parts, Part I givesthe basio principlen
of assessment with the reasons for their adoption, Part II gives a method
of assesszment for longitudinal and trensverse beans,

It 1s intended that the principles given shall provide a uniform
approach to bridge assessment and the method set out in Part IT will allow
for the quick assessment of bridges without undue loss of acouracy.

PART I BASIC PRINCIFLES

m
SECTION I GENERAL

101 Scope

The provisions of the Code are directed towards the assessment, for
CONSTRUCTION AND USE VEHICLES, of bridges having a oapacity less than
H.A. loading as specified in B.3,153, Port 3A. These bridges should be
considered as substandard and having & limited 1ife and their assessment
is subjeot to the provisos:-

(8) That the replacement of the structure is not unduly delayed.

(b) That the struoture is oritlcally examined at such intervals

as its oondition requires, but at least once in three years,
SECTION 2 DERIVATION OF VEHICLE TRAINS

201 Régulation of Vehicles

Vehicle design is controlled by the Cunstruotion and Use Regulations*
to which refersnce ahould be made for details of maximum permitted loads
on vheels, axles, and vehicles. An approximation of the limitations at

the date of issue of this Caode follows:~

* The Motor Vehicles (Conetruction and Use) Regulztions 1963 as amended.

5,
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Maximum weight of 4 wheel with twin tyres or low profile

tyre (Mot les-s then 12 in. wide) 5 tons
" n " 1 axle with two whoels as above 10 tons
" " " 1 axle with four wheels 11 tone
. " " 2 axles not less than 4 ft, apart 18 ton.

Maximum gross welght of vehicles with 2 axles and

no minimum wheelbass specifioed. i tons
Maximum gross weight of vehicles with 3 axles and

no minimum wheelbase specified 20 tons
Maximum grosa weight of vehicles with 4 axles and

no minimum wheelbase specified 24 tons

The Regulations control the effects on bridge decks caused by heavy
veshicles, by relating their gross wolghts to minimum axle spacing; thus
the increased weights up to 16 tons on two axled vehicles, 28 tons on 4
axled rigld vehioles and 32 tons on artioulated vehiclea, which were allowed
in 1964, are accompanied by minimum axle spacings which ensure that the
increase in effect of these heavier vehicles is only marginal ,
22 Rationalised Vehicle Trains

(o) Longitudinal Effects
(1) Bending

It has been found possible to cover the longitudinel

bending effects produced by all vehioles complying with

Construction and Use Reguletions by means of two trains,

The first consists of five two axle vehlcles with the

axle spacing and weight distribution shown in Fig.1{a).

With this train, although the maximum permltted groas
welight W of a vehicle with such axle spacing under C. and ¥,
Regulations may not be more than 14 tons, its effeots are as
great as those of any other permitted vehicle having a gross
vehicle weight of up to 20 tona. Any bridge which cen carry
14 ton vehicles will be capable of carrying any permitted

vehicle up to 20 tons and therefore there will be no assessmmts

greater than 13 and less than 20 tons,



PART I

202 The second train consists of three four axle vehicles
with the axle spacing and weight distribution shown in
Fig.t(b). The effectsof 2 ton, 4 axle vehioles on a bridge
are greater than thet of all other vehicles oconplying with the
Construction and Use Regulation current at the date of issue
of this Cods exoept for those with an 11 ton axle or two 9 ton
#xles 4°6" apart which have a slightly greater effect in the
lower spans. In graph 5 the values for the 24 ton vehiole have
been adjusted to take account of these effeots,

(11) Shear

Because the restriction will be in terms of axle wolght
(see Part I Clause 406) and any axle of weight up to 9 tons
oad ba closely followed by another axle of equal weight the
train of vehicles given in Fig.1(b) shall be applied to
longitudinal members longer than 7'0". If these members can
carry. the two nine ton and their associated axles, they can
also oarry the eleven ton and its associated axles. Members
shorter than 7'0" should also be checked for the 141 ton axle

before they can be cleared for no restriotion in shear,

» DIRECTION OF TRAVEL,

* A" 3 clearance ) : e
bet i n vehicles has been 1“' iw 1‘" siw

allo%ﬁ;;d _forsln these
€ings. * , . 3 it P
10-0 , 8-0 1d-d , 8-0
F1G.1.{a) 2 AXLE VEHICLES, We= GROSS WEIGHT OF VEHICLE.

— %= DIRECTION OF TRAVEL.,
AW IW oW e TW -ssyv WAIW oW L |ETW
¢ Y ¥ ¥ 4 R ;
. [ ]

1o-a 46" 7o A6’ oo 46 .ot

FIG.1.(b} 4 AXLE VEHICLES, W= GROSS WEIGHT OF VEMICLE.

'(h) Transverse Effecta
Though & deck may carry a certain loading in longitudinal
bending, axle loading may alsc be a oriterion where thers are
transverse members, Within the C. and U, Regulations any axle

7.
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PART I

with a weight up to 9 tons may be followed olosely by a further
axle of the same weight.

Where allowance can be made for distribution effeots (see
Clause %03(c)(1)), the two 9 ton axles will have a greater
effeot on oross girders than will a single 11 ton axle and 1t
is only when dlgtribution 1s not permissible, that the latter
need be oonsidered., With this exception any transverse member
capable of carrylng the two 9 ton axles with the associated
axles derived from Fig.1(b) will be able to oarry the single 11
ton axle with its associated axles permitted by the Construction
and Use Regulations current at the date of issue of this Code,
and the train of vehiocles given in £ig.1(b) shall be used when
absossins the strength of such a member.

Public Sarvise Vehicles -

Publio S—orvice Vehicles do not conform to the trains shown
in Figs, 1{a) and 1(1:)_, and where a bridge subject to a weight
restriction carries & bus route advice ia given in Clause 402
and Table 2,

SECTION 3 ASSESSMENT PROCEDURE

: »1 General
5 (a) Bridgss for which No Assessment is Needed

(®)

" It may be assumed that the dssign of bridges built
subsequantly to 1922 to carry olassified or trunk roads at the
tine of their construction will accommodate H.A. loading and
unless they are in bad condition no assessment for Construotion

and Use traffic will be necessary.

Exemination of Structure

The structure shall be examined for possible faults, e.g.
gorrosion, ssttlement, faulty material, and allowance made for

its oondition when the carrying cepacity is assessed,

(o) Capaoity of Constituent Parts

In arriving at an assessment of the bridge, the foundations,

substructure and superstructure should all be considered, When



._ .,‘/-——-.\

KA‘__,@ﬁffzt{ijAF
The Assessment of Hi Bridges

For Construction and Use Vehicles
Amendments to Part I

1) Para. 202(a)(1), page, 7, final sentence:-

"In graph 1 .... " should bs altered o
"In mph 5 enee "

2) Para. 305(b)(ii), page 17:=
After "..... provided:- The girders are lmown to
be firmly embedded in well consolidated P£illing
wmaterial®, the following sentence should be
inserted:~

(except where such material is pure sand or pure

- /J ) ot

A, D, Holland

/é Januery, 1967




PART T

“"K 301 dealing with the superstructure, the constituent parts should
all be investigated for the loading they oarry, e.g. floor
plates under wheel loads, ecross girders under axle loads, and
longitudinal girders under vehicle loads. When & bridge
assessnent shows that there are wide differences betwsem the
strengths of different members, and it appears that strengthening
one or more 13 practicable and worthwhile a note of their
varioua ocapacities should be made on the oalculation sheet.

22 Losding
(a) Application of Vehicle Trains

2 For longlitudinal bending the vehicle treins given in
4. Figs. 1(a) and 1(b) shall be applied as appropriate, see 202
((1) above.
For longitudinal shear the wvehicle train in Fig.i(b) shall
be applied, see 202(a{11) above.
For tranasverse members the vehicle train in 1’15.1(1:) or
a single 11 ton axle shall be applied as appropriate see 202_(b)
above,
The wehicle trains shall always be disposed to produce the
maximum effect upon the member under consideration.
B For carriageway widths less then 18'0" one train of wvehicles
shall be applled,
For carriasgeway widths of 18'0" gnd more, not more than
two lesnes of vehioles shall be applied, except where crowded
traffio conditions call for a greater number, to be decided at
the Engineer's dizcretion. These conditions, which may occur
for example when there are traffic lights at one end of the
bridge and a bus atop at the other, will have most effect on
long spen transverse girders,
For the purpose of assessmeant,the wheel spacling of =211
vohicles shall be as shown in Fig.2. Where two lanes of vehicléa
are oonsidersd, the distance betwsen lanes shall be teken as 3'O"
and the distance between the nearside wheel and the footway or

face of parapet where there is nmo footway, shall be not less than
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Pnrapei'

kerb or

edqge of |
vergqe. /

1Y9": where there is a verge this distance shall be not

leas than 9",
Centres of wheeals
i S ~a" ' :Addih'onol loading

9 3-0

FIG.2. TRACK OF 2 LANES OF EITHER VEHICLE .
X m 1-9 From bridge parapet where theve is no. pavement or verge.
X m 1-9' » kerb where there is a bove ment.

X = 9" » edge of verqe where there is no kerb.

Note :~ Most c;ﬁmercia.l vehicles che", track centres of approx. 5-9'
and. on overall track of TL'S'.

(b)

(o)

()

Rules for Bridges. of Exéess Length and Width

Yhere the length of the bridge axc;eeds the length oc-cupied
by the vehiole trains, a uniformly d.is_i;ributad. load of
5 1b/aq ft shall be applied %o the remainder of the deck
moooupi.ad by the vehiclae train.

Where the carrlageway width exoseds 17'6" + X{szee Fig.2)
a uniformly distributed load of "50 1b/sq £t shall be appliod
to the’ éxcéss width when only two trains of vehioles are
considered. Tﬁis additional load need ohly be oconsidered for

oroas girders and the total load on an abutment.

“Footway Loadin

Unless crowd loading is expected, footway loading may be
negleoted.

One axle in, one vehlcle train only shall be subjected to
an inoreass of 23% for impaot at the position wherse it will have
the greatest effect on the member being consldered.

Contact Areas of Wheelsa

It may be assumed that all vehlcles wlll have pneumatio
tyres, The approximate oontaot area for each wheel may be
obtalned by allowing 33 sq in/ton carried by the wheel, The
oontact area may be assumed as rectangular and equal to 1.1..b2

vhere b in inches is the length of the aside transverse to the

longitudinal exis of the vehiole,

to be taken as S0l [sq.ft
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PART T

303 Proportion of Load oarried by Member

(a) Effective 3pan

(b)

The effeotive span of 4 beam shall be taken as the

distance batween points of support defined as below.

(1)

(11)

(111)

(iv)

Where a beam is supported by other beams, the web
of the supporting beam,

Whera the beam is ecarried on a purpose made bearing,
the centre line of the bearing. -

Where the beam has bearing stiffeners, the point
undsrneath the Bsar?ng stiffencr,

Where there are no bearing stiffene?s and the beam
rests directly on masonry, concrete, or brick, the resction
shall be assumed to be distributed linearly from a maximum
at the front edge of the support to zero at ths back of
the bearinz area. The length of the bearing area may be
taken as the depth of the beam where the sﬁpport is of
soft brieck, reduoing to about i depth of the boam where
the support is of hard material such as conorste or granite.
Vhere the length of support is leas than is g}van by this
assumption the assumed bearing area shall be reduced
aoc;rdins;y. |

The effective span should be taken za the distance

betwesn the ocentroids of the bearing pressure diagrams,

Dispersion of Loads through Fill

Where £ill is well compacted material, dlspersion may be

teken as 45° from the edge of the wheel contact area. Typloal

depths to which the dispersion may be token are:-

(1)
(11)

(141)
(av)
(vi)

Buokle plﬁten:— the highest part of the plate.

Jack Arches:;- the level of the mid depth of the arch ring
at the crom,

Troughing:~ the top of the highest flange of the trough.

Reinforoed concrete slaba:- the level of the neutral axia.

Where adjacent wheel loads dlspersed at k5° overlap, the

group of wheels or axles may be treated as a whole and the

load dispersed at 4,5° from the centres of the outside wheels

or axles of tha group.
a4
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303 (e¢) Distribution of Bending Moments by Struotural Interaction
(1) The proportion of hending moment carried by

longitudinal or transverse members may De determined by
the methods given in Part II Section 3, provided the deck
between members consists ofi-
- Reinforced ooncrete slabs
Jack arches
Conérete in-fill
Buckle plates or ocast iron floor plates supported
on the bottom flenges of the mambe£$ end osrrying
.ﬁell compacted in-fill. |
(ii)' Where thé skew angle excéads 35° the proportion faotore
 given in Graphs {1 to 4 shall be multiplied by 1.15.
(111) .. . The methods given in Part II Bection 3, ghall not be
ugeds—
For longitudinal girders supporting cross girders.
“For én& mewber which does not comply with (i), e.g. a
member with simply supported deck plates o slabs
resting on the top flange.
For sny member spannihg‘bétwaem ebutments where the
direction of the ocarrisgeway is at an angle © greater
than 10° and less than 80° to the prinocipal axes of
the bridge. (See fig. 3).
In thepe casesn thelvehiouiar loading, inocluding impact,
shall be disiributed by simple statics between the members
to give %he maximum proportion of woment on the member under

consideration.
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PRINCIPAL
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(d) Distribution of Shear by Structural Interastion

(1)

(11)

(111)

Provided that the deck complies with sub c.la.uaa (0)(1)
the ahear SL on a longitudinal member 7' or more in length
due to trains of loading may be determined from the
-followin_g formulas~ _-

8, =K (Sy = A).+ .6254
where 8, = shear on a longitudinal member ia tons

L
X

. in tons.
A =-welght of heaviest axle in the train in tons..

VWhere the span of the longitudinal member is less than

appropriate proportion faotor firom graphs 1 to A4

gross shear of one vehiole train,without impact,

7' the shear shall be calculated assuming atatical
distribution with impact on one axle.

The shear in a transverse member shall be determined
by the application of the appropriate number of lanes of
traffic. The effects of one lane may be taken as 4.25 K A
and of two lanes as 1,25 K A and K A disposed on the member
as shown in fig.h.

A = weight of heaviest axle in the train in tons
K = appropriate proportion factor from graphs 6 and 7

Graph No.12 §ivea the gross longitudinal shear for the
vehicle train given in fig.i(b) in terms of an axle of
unit weight, without impact.
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Wi =1-25KkA Wo:== kKA. for second line of vehicles.
includes Impact no impac] PART I
P ——— P

W W) W2 Wa

e N A [ »
Minimum posslbh/—P | 5-9 |3-OI 5~ 9 |

distance

(o)

i owreceny | 1] | 1

SHEAR OM TRANSVERSE K MEMBER.,
FIG.4.

Where the deck does not oomply with sub clause (o){1) above the shear
on both transverse and longitudinal members shall be detemined
statically with no allowanoce for diatribntion.
Troughing .

The load should be disperaed as provided for in sub-plause
(b), Provided the troughs are adequately connected, the load

may be assumed to be sarried by a width of troughing éxtending

' equally on either sida from a vertical line through the centre

of the load for a distance equal to twice the width of the

dispersion area, The distribution of load between these troughs

shall be teken aa linear, boing zero at the.outer trough and a
maximum at the trough under load {Case A in f£ig.5).

There the actual troughing does not extend for ths distance
assunad or where there 1s a joint of inadequate strength, the
amount of load oarried by each trough shall be assesssd from the
ordinates of a distribution diagram as shown in Case B, fig.5.
If the edge of the outside trough is stiffened or otherwlss

supported due oconaslderation may be given to this,

Y
7 < l N

i |.,,__,____ Unstiffenad
edge of trough.

Jo—
‘ I CASE.B
| /(((\
Araa of ] Area of
Diagram o< W l l hu‘Ch;?agmm«VV\
\I \\\ \\ \\\\\ A FiG.5.
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PART 1

4 Permissible Streases

The following basioc permissible atresses shall be used as a basis
for assessment. They take into acoount the limited life of the bridge
and are.subject to the provisos given in Clause 101.

The metpilic membars of bridges subsequent to 1918 may be assumed to
bs of good quality stesly prior to. that date, they may be of steel, wrought
iron or cast. iron, The use of stesl increased oonslderably after 1900 but
some of it was poor quality and notlce’ should be taken of signs of irferior
material e.g. laminations in steel or wrought iron, and blow holes in cast
iron, |

In cases of partioular importanoce, it may be neceassary to have the
material tested,

The formula for the pemis;iblé stress in cast iron contains a factor
for f‘a.ti.gua. The stresses in stesel and wrought iron may need to be reduced
where a bridge is on a hesvily &trafficked route and contain s small members

which carry 1little dead load and are highly stressed by .a single wheel or

: axle,

(a) Mild Steel
The stresses shall be as in B.S.153, Part 3B, Table 1,
Case II,
(b) Trought Iron
The streases shall be as for mild steel multiplied by the
ratio of their respective yleld stresses., A yleld stress of
10,75 ton/sq in is generally attained, giving a basio permissible
stress in bondin.g of %}j x 12,5 = 8., ton/ sq in

Where theres is reason to belleve that the yleld streas may
be lower tests shall be mads, or if this is not possible, a
lower value shall be estimated end the allowable working atress
decressed pro rata.
(o) Cast Irom
Up to 3 tons/sq in tension. The actual permissible tenslle
stress shall be based on the ratio of dead to live load, and

calculated from the sguation 5fL + 2,2 fD = 8, but shall in no
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304 PART I

case exceed 3 tons/sq in. Permissible stress in compression
10 ton aq in. The shear stress is not critical in a cast iron

beam because of the thickneass of the web in relation to the

other dimensiona,
{4) Reinforced Comorste

Permissible stresses for bridges built prior to 1922 are

Bending Compression Shear Bond Steel
1b/ sq in 1b/sq in 1b/aq in 1b/sg in
3 15 100 20,000

Where bridges as defined in clause 301(a) have deteriorated
8o that assessment is necessary the same stresses should be used,

. end allowance made for loss of seotion as appropriate.

%5 Caloulation of Strength of Members
(a) General '

Cast iron members need be checked only. in bending,see
olause 304{c). All other members, shall be checked for bending
and shear and the lowsr assessment figuz_-e taken. '
| Sing;.jl.y supported longltudinal membars not ax;:eading -60'
span end 7' spacing, having a live load cvapacity in shear
equal to or greater than the values given in Table 1, will
safely oarry two trains of 24 tc;n vehioles.

Where the aveilable shear is less than that given in
the table, aotual limiting axle weights shall be caloulated

according' to the formula given in olause 303(d)(1i).

Table 4
Span fit Shear Value Tons
15 and below 10
20 1
25 1.5
30 12.5
35 14
L0 15.5
50 17.5
60 _20.5

(i) Flange snd Web Splices

It will be frequently found that in old bridges one
or other of these may govern the strength. It is important

therefore that both are slways conpidered



(11) Riveta
In cases where alternating loads ocour on rivsts

bt attention is dram to Cleuse 2ie of B.S.153, Part 3B.

(11i) Corrosion
Where inspection is possible, an allowance shall be
mada for any reduction in section., Otherwise, appropriate
reductions in permissible stress shall be estimated.

{iv) Cracks and other faults

Note should be taken of cracks, flaws and any other
) faults in the superstructure or substructure and due
allowance made for the adverse effect of these in assessment.

i (v) Methods of Calculation

(1) ¥114 Steel snd Wrought Iron:-

Calculations for deck and column members shall be
based on the ocurrent B.3. 153 for Steei Girder Bridges.
Whare briﬁge détails do not comply with B.3, 153 the
variations shall be taken into consideratiom and due
Qi . allowthe_mada 1n'assqssmept. .

(11) cast Iron
(1) Girders
3? ‘ ‘The section modulus of the girder may be increased

for live load by the factor D where D is the overall
a

depth of the deck less 3" for surfacing material and
[ d ia the depth of the bare girder at midspan provided:-
ij The girders are known to be firmly embedded in

ig well consolidated f£illing material (except where
:such material is pure sand or pure clay).

There are no services in the carriazgeway which

would decrease the support rendesrsd by the f£11l1

on.g. stoneware pipes or large diameter water or

EE

- gas mains,
ij Should openings be made in the carrlagsway after
3 en assessment which used the D factor, the opening must
L ¢
be back filled with concrete, or the assessment
é} reconsiderad,

~N 17.



205 (2)_ Columns

LN Cast Iron columns shall be caloulated by the
L Gordon-Rankine equation:-
SoA tons
Safe load p = 5(1 + Fa L
K2

where £ = compressive yleld stress, 36 ton/sq in
A = oross sectlonal area, sqg in
: L = lesngth - in
J | _ K = least radius of gyratlon, in
F

= end fixity factor

™
]

material factor, 1
. 1600

? _ . Values of F:=-

| Both ends pin Jointed:- ]
\ One end fixed, one end pin jointed %
3 h : Both ends rigidly fixed .

Vs ' ‘| One end ﬁ.xet_l., one end entirely free i

(311) Reinforced Concrets
Calculations for routine assessments shall be based
on C.P. 114: subjeot to the provisos of Clause 304(d) of

this Assessment Code,

b

(4v) Brick and Masonry Arch Rings
Guidance on the assessment of brick and masonry arch

rings is in course of preparation and will be issued when

ezl

complete,

e

In general such arches have a large reserve of strength

i

snd will normally be adequate for H.A. loading provy!ad they
have been freely used by the full renge of Construction and

Use Vehicles and ere in good condition., When the Engineer is
in doubt advice should be sought from the Bridges Engineering °

Division of the Ministry of Transport.
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SECTION 4 RELATION OF ASSES:.iENT TO WEIGHT RESTRICTION AND

ERECTION OF SIGNS

4Ot Difference in Capacity

N
In some oases e&,.g. widensd bridges, there may be some difference
between the capacity of one part of the bridge and the remainder. The
assessment shall be made on the basis of the weaker part, and a note on
the strength of the atronger part should be given if strengthening measures
-are to oonsidered later,
402 Bublio:Qarvioa Vehiclea
Because of its different dimensions snd weight distribution, a bus
may be heavier than an assessment vehicle and have no graater effect in
bandiﬁg.' Table IT gives the equivalent vehiocle weight assessment. at
various spans, for-typloal buses available at the date of issue of this
Code, Where the effect of the bus is no greater than the vehicle weight
assessment, .then éhb bus may be exoluded from the vehicle weight restriotion
order. '
Where a bridge iz restricted by en axle weight, a separate investigation
may be necessery usirg the actual axle weights and spacings given in Table
II. It may be assumed that the distance from the front or rear sxles of the
bus, and the nearsst axle of the adjacent vehicle ia 10'0",
: Table IT
Equivalent Weight of Assessment Vehiole (tons)
Gross Weight |- Weight ' g
and mgka of ,,ﬁi;; Distribution e
P.t i (tons) P g {tons) 5'110'] 15') 20*f 25¢| 20| 35¢ vol 45| 50*| 55°{ 60*-100"
6.5 Bedford { 13'8» | 2.6, 3.9 6| 6166|555 5| 5] 5] s 5
8,75 Dennis 162" | 3,75, 5.0 a8y 8l 7171616 6| 6| 6] 6 6
9.95 AE.C, 18.7" | 4.35, 5.6 99l 87| 76| 6} 61 6] 6 6
10,2 Bedford | 15'4" | 5.1, 5.1 Blay 8l 7|7 717 6| 6| 6] 6 6
10.5 Bedford %;?;" 3425, 3,25, .00 6| 7| 7Ty 77| 271l 6] 6] 6 6
10.9 Leyland | 18'6" |3.45, 7.45 12|11 [11 11 j0 ] 9| 8 ARAR; 7
13,05 Daimler | 181 6" L.05, 9.0 13(13 113 (13 |14 {41 {10 9 81 8 8
13.2 A.E.C. 18'™ {4.6, 8.6 13143 |13 |12 {11 |11 {t0j10| 9] 9] 9 8
15,35 Daimler | 18'6" {5.55, 7.8 12112 112 M2 {41 {11 |11 10 (10| 9] 9 9
13,5 Deimler |16'3" |4,75, 8.75 13113 13 P31 111 o J1oj1o ] 9f 9 8
13.5 Leyland |16'3" |4.55, 8,95 13015 113 (12 11 110 (o |10l 9] 9 9 8
4.0 Daimler |18'6" 5,0, 9.0 133 13 P2 11 J1t (o0 | 9] 9¢ 9 8
4.0 Leyland |16'3* [4.0, 10.0 A 14 Y9y pay 43 (12 11 )11 |10 j10 | 9 9
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402 Apparent inconsistenoles petween vehiocles e.g. the 10,2 top and
10.5 ton Bedfords, are due to the differences in number of axles and {he

distribution between them.

403 Levels of Assessment for Longltudinal Members in Bending

As desoribed in Clause 202(a)(i) a longitudinal mewber which is
capable of carrying in bending the 2 axle 14 ton vehicle will be able to
carry all p_armitteﬂ. vehiocles having a gross waight not exceoding 20 tons,

end any member oapabie of carrying the L axle 24 ton vehiole will be sble

_to carry all other vehicles complying with the Construction and Use

Regulations cfxrfe;r.l: ‘at the date of issue of thia Coda. Agsessnents should
therefore be in ona ton intervals up to 13 tons, then et 20 tons, 22 tons,
and 24 tonn.' (NOTB. The maximum level of assessment at which a .statutory
weight restriotion should be imposed has not yet been préso:_‘i‘bgd..)

40k Levels of Assessment for Transverse Members

As desoribed in Clause 202(b) any transverss member which can carry
the two 9 ton axles with the associated axles derived from Pig.1(b), »ii.

be capable of carrying the single i1 ton axle with its assoclated axles

- parmitted by‘tha Construction and Use Regulation curvent at the date of

isaue of this Co_da',au'b.:jaot. to conformity with the requirements of Clause
%3(c)}(1). For members satisfylng these requirements axle reatriotion
should therefore not be applied ebove 8 tons, and up to this value should be
in 1 ton intervals, The restriotions for both bending and shear will be
in terms of the axle load the member oan safely ocarxry.

405 Levels of Assessment for Longitudinal Members in Shear

An axle load restriction will be applied and will be in one ton
intervels up to eight tona as for transverse members, ses Clause 202(a)(11).

406 Comparison of Capacitios '

The gapacity of a bpridge deck may be 1imited in one or more of the
following conditlona:-

(a) Longitudinal bending

(b) Longitudinel shear

(¢) Transverse bending or shear

Whers (a} is the only criterion, the restriction will be in terms of

vehiole weight.
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406 Vhere (b) or (¢) is the only criterion, the restriction will be in
torms of axle weight based on the train of vehicles given in Fig.1{b)
since this is less restrictive to traffic us a whole than a restricticn
based on vehicle weight.
Where the restriction is a choice between
(1) (a) or (b) sbove
(44) (&) or (o) "
the eprreapbnding axle weight of the limiting vehicle shall be calculated
88 0.7 of the limiting qehigle'weight, or 9 tons whichever is the lssser,
and compared with the limiting axle weight. Restrictions shall-t£en be
applied on the basis of this comparison as follows:;
(144) Yhere the corresponding axle welght is less than or equal
to the limiting exle weight, é‘vehicle weight restricpion
~ only need be sppiisd.
(1v) Where the corresponding axle weight .is greater than the
-1limiting axle weight .a vehicle wéigﬁi.restriction and an
axlé weight reatriction shall be. applisd except
(v) Where the limiting -axle weight is less tham ©.3 the’
limiting vehicle welght, wilen only.an axle weight |
restriotion need be applied. - {In the trains giveo in
fige 1 no vehicle will weigh more than 3 times ite hesviest
axle. In practice, the weight distribution may be more
even pnd a four axle vehicle might weigh 3.3 times the
welght of its heaviest axle).

407 Restriction Sipns

The slgn restriction(s) finally selected shall comply with fig. 3.36
and 3.38 in the Traffic Signs Mavual (H.M.S.0. 1965). A supplementary
elgn fig. 3.3T "Only one vehicle on bridge" is also permissible, but lts
use should normally be restricted to cuses where traffic contrul is
exercised, e.g. during a bridge reconatruotion. The loading for tbis

rarticulsr came hus not been considered in Section IX.
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QUICK ASSEGSMENT OF BRIDGES CONVAINING LOHGITUDINAL OR TRANSVERSE Vi3

[l

SLECLION I SCOPE

101 The method applies to simply supported decks containing longitudinal
or transverse meubers which satisfy the conditions of Clause 303(c¢), in
Part I, It does not apply to the parapet girder supporting the transverse
oross girders for which separate calculations must be made.

It determines the value of the beam in pending only, but where
necesasary the factors may be used when checking for shesr. See fart X

Clause -303(4d).’

SECTION 2 THEORY

201 General Principle

(a) Longitudinal Members

When a bridge deck with longitudinel members is loaded
with one or two lanea of vehicles as described in Part I
Clauses 202(5) and 302(a) the vehisies_can be disposed to
produce’ & maximum effect on one'longitudinal manber. The
moment induced in the- mentber by either one or two lanes, can
bo expressed as s product of the moment caused by one train of
vehicles (Mﬁ) and a factor K termed the proportion factor.
If the live load moment of resistance of the member equals MR then
MR muaﬁ?,K MV or more oconveniently %?ifMV for the member to be
safe.

(») Transverse Members

In the cass of transverse members, the principle is similar
but here the K factor gives the proportion of transverse load
carried by a cross girder under one or two vehicls trains of the
type shown in Pig.1b of Part I, in terms of the hcaviest axle.

202 Derivation of P~oporition Foctora

The propoction faclors given in the Code are based on the tLheoretical
approach by Jaeger & lendry (deacribed in their Book; the Annlysis cof
Grid Prameworks and Related Structures) and the test roesults and recommenda-

tlons given by Thomas & Short of the Bullding Research S$tation published in
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the I.C.E. Journal for March 19%2. Referring to Jaeper & Hendry's book

(seo page 19) it was found that using & value for EIT of .0305 the
EX

resulting value combined with B =00 gives exact correspondence with the

distribution in the model Jack arch bridge described in Thomas & Short's

paper and fair correspondence for two bridges which had been tested in 1943.
Proportion factors for internal end external girders werea therefore

calculated by Jaeger and Hendry's method for various girder spacings and

‘spans using this constant value for EIT for spans of up to 30' longitudinally

EI1
and 35' transverpely.

Because of the sbsence of axpefimental data the values for proportioq‘
factors at these spans were maintained for all greater spans., This will err
in the direction of safety.

The different approach of Thomas & Short was then used to calculste
sinilar sets of ﬁfoportion factors whioh were plotted in conjunction w{th:
the previoﬁs sets,

Finally eﬁvelopes were drawn embracing the two sets of values obtained,
and the factors produced sre to be.found in graphs 1-4 and 6-9.

205 Impact
(a) Longitudinsl Members

The praportion factors have been calculated with no allowance
for impact, The graph for longitudinal bending moment due to
one lane of vehicles includes an allowance for 25% impact on one
axle.

" As this graph is alszo used for assessing bridges carrying
two lanes, allowance is therefare made for the effects of impact
in each lane, but the exrror will be small, as the effect of the
second lane is much less than that of the first lane.

(v) Transverse Members

The transverse bending moment due to one or two axles
includes no allowance for impact as this is bullt into the

proportion factors.



e "* SECTION 3 METHOD OF USE OF DISTRIBUTION CURVES

301 longitudinal Members

The internal members shall always be investigated, but the edge
members need only be examined when the position of the near side wheels i
in the vehicle train as determined by Fig. 2 is such that they have no
other member between them and the edge member.

The steps to eptablish the uesesement of s longitudinal member are

as fbllowss-

;} (a) Bending
- i (4) Determine the moment of resistence, of the member available for
live load and if the span is greatqr than 70' deduct the moment
- due to the distributed loading of 50 1b./sq. ft.
B {11) PFind the value of K from graphs 1 to 4.
M (141) Divide (1) by (11). |
; (1v) Trenspose the value obtained in (1ii) to the relevent apan in
g; _ graph 5 to obtain -the aspesement. Where the bridge is skew
the relevent span shall be taken as the skew span.
(v) '§§é§£ (If_AVailable live load shear iq lesa than the appropriate valie
- . 'i;.faﬁla 1)

(1) Determine the shear available for live load snd if ihe span is
éj greater than 70' deduct the shear due to the distributed loading
s _ of 50 lb-/sq. ft. moting at the "far end" of fhﬁ (337:14 18
L .(11) Subtract 0.625 times the maxisum axle load from this available

shear.

(111) Find the sppropriate value of K and divide (11i) by this.

£ (1v) Add the maximum axle lomd to (1ii).
:3 (v) Divide by the appropriste shear from g}aph 12 to obtaln the axis
el

welghi amsessment.

302 Transverse Members

Both internal and externzl members shall be investigated.
4 The steps to establish the assessment of a transverss mwomber are as

followas—
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PART 1X

F 302 () Bending

(1) Determine the moment of resistsnce of the member available for

- (44)
(111)

(iv)

live load. Vhere the carriageway has more than two lanes,
deduct the 50 1b. per sq. ft. U.D. load (see Clause 302(d)
Paxt 1.)

Find the relevant value of K from graphs 6 to 9.

Divide (1) by (4)..

Transpose the value obtained in (iii) to the relevant span in
graphs 10 61'11 for transverse bending moment to determine
the assessment of the tranverse membar;in terms of axle

weight,

(b} éhsar

(1)

(11)
(1id)
(iv)

‘Determine the shear available for live load and deduct the

'ahear due to the 50 1b. /sq. £t. loadlng as in 302(a).

Find the appropriate value of K from graphs 6 to 9.
Determine shear due to trains with unit maximum axle load.

Divide (i) by ‘iii) to obtain the axle weight assessment.

303 Final Assessment

After all members have been assessed the procedure described in

Pert I, Section 4, shall be followed.
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ASSESIMENT OF MAONRY AND BRICK AWGH BRIDGES

*ﬁ. 3cope

The following conditions in Part 1:- Rasie Principles shall aiso apply

to Part I1I:-

Clause 101 Soope In full
Clause 201: Regulation of Vehiclas In full
Clanae 32(a): Application of Vehicle Trains The number of trains/
lane width relationship
only.
~ Clause 302(4): | Impact Allowed for in nomogranm
Cleuse 305(b)(iv): Ariek and Yaaonry Acch Rings In full’
' Clause 401: ‘Difference in Capaolty il In full
Clause 407: IRestriotion Signs In full

2. Method of Assessment

The gusessmedt-of'arohzﬁridgeaahan beén adapted from the msthod sat ‘out in
"¥ilitery Losad Classification-by fh; Reconnaissance and Correlation Methods“ '
¥.E.X.E. May 1963, This method is based on tha rasults of past expurienoo, and it
has béen found to glve satiaf&otory rosulta for the range of vehicles conforming to
the Construotion and Use Regulations but it's extrapolated uss for heavier vehiocles,
or for spana greater than 60' should be treated with caution and is subject to the:
coﬁsant of the Agthority concerned., It is intended to be applied primarily‘to
single span arches and in the case of multiple spans, particular attention is
drawn. to clauss 8(e)(vil).

The assessments are in terms of a maximum allowable axle load, such a rating
allowing for twin.axlea.

A rating of 9 tons therefure means that a bridgo is capable or ey
venilclas with tandem 9 ton axles, and aince such n brldje 1s also capable of
oarrylng vehioles with a single 11 ton hzle, it follows that arch bridges with a
final assessuent of Y tons or more are unrestristed for all vehicles complying with
Construotion and Uae Regulations current at the date of 1ssue of this dooument, and

there will be no axle weight restriction signs above 8 tons.

3. Publlo Service Vehicles

Publio Service vehicles, othar than those with tandem axles, may have a
permitted axl.lweight equel to s/h the assessed axle weight rounded up to the

nearest whole number, =



The reul strength of a masonry or briock arch bridge is almost impossible to
‘clldulata, and reocourse has, therefore, been made to an empirical formula based on

the bridge dimensions., The bridge is first assumed to be soundly built in
good~-quality brickwork, with well pointed joints, to be free from oracks, and to
have adequate abutments, For such an idealised bridge, a provisional assessment
is obtained from a nomogranm (Graph No,13). This provisional assessment is then
iodifiod by factors which allow for the way in which the actual bridge differs
from the ideal,

5. ¥Esmasurement of Dimensions

e}
F

The following dimensions must be measured:-
(2) The span ....o.vvevvevveceernnnngnnnesn..l B
{in the case of skew spans, measure 1 parallel to the axis of the aroh)
f%- (b) The rise of the arch ring at the orom é.:;..,...........;....Iré £t

(0) The rise of the arch at the quarter Points .........ie..eseee. T £t

q
'(4) The thickness of the arch ring at the GroWD .....eeeeeeeeseses 4 ft
(e) The average depth of fill betwesen the road surface

and the arch ring at the crown, measursd .....eeeevseesccssess h £t

at the quarter points of the transverse road profile.

Fig. & shows where these dimensions are measured.

Road Surface

Lot
Jentyed

FIG. 6.
i 6. Exanlnstion of the Bridge
1 Normally only the external fabric needs to be examined, Probing into the

conatruotion will only be necessary on important routes where the strength of the

_} bridge is in doubt,



!( (&) The Aroh Ring

(1) Nature and condition of the brickwork or masonry.

{11) Thickness of the joints.
(111) Condition of the mortar.

(iv) Deformation of the arch ring from its original shape.

(v) Presence of oracks - their width, length, number and position.

(b) Perapet and Spandrel Walls

(1) Sagging of the parapet.

(11) Cracks in the parapet or spandrel walls, ,
(441) Outward movement of th; parapet or spandrel relative to the face

of the arch ring. .

°y

(e) Abutments

% Damage to the abutments and wing walls by cracking, settloment or

movemsnt .,

() <ources of Error

(1) The thickness of the aroh ring under the parspet can be measured,.

= but it does not follow that this thickness obtains under the
% roadway. | B
_E . (11) Zome old bridges have been strengthened by removing the fill
L -and replacing;it- with céno;‘ote.
(i11) Services which are 1laid over or through the arch ring may

b affeot the strength. The position and size of these should be
L determined and where they are large or numerous allowance should

. be made when aasessing the ocondition faotor (see Clause 8(e)).
C Where there is any doubt as to aqy of the sbove conditions an investigation
¥ on site, ineluding the digging of trial holes, may have to bs made,
= :7. Provisional Assessment

Refers to the nomogram in Graph_"‘?}.

Mark the bridge span on Col. A and the total crown thickness d + h (ring +
i3 £111) on Col, B, Line through these points to Col, €, and read off the provisional

B axle loading assessment in tons, which is then modified by the followlng faotors.
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The following modifying factors must now be assessed:~

(a) Span/Rise Faotor
Flat arches are not so strong under a given loading as those of
stesper profile, and the provisional assessment must, therefore, be
adjusted, A span/rise ratio of 4 and less is assumed to glve optimum
strength and has a factor of 1. When the span/rise ratio is greater
than L4, reference shall be made to the graph in Fig. 7 which gives

the appropriate factor for the different ratios,

SPAN/RISE FAGTORS FOR MASONRY ARCH BRIDGES
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(b) Profile Faotor

There is evidance that elliptical arches are not so strong as
ssgmental and parabolic archea of similar span/rise and ring thickness.

The 1deal profile has been taken to be perabolic and for this shape

the rise at the quarter points, T, = 2 r

Where ré is the rise at the cromn.



«“ ihe protile tactor for ratios ot "q/rc lesa than or equal to % shall
be taken to be unity, and for ratios greater than 3 shall bs

caloulated from the expression -

o sl - 06
Fp= .5 I‘c

r
c

For convenience this has been plotted in Fig.8.
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FIG.8
(o) Material Factor
To determine this factor, the following points must de noted:-
(1) The material used for the ring and its thickness.

ki (1) The type of construction - i.e., ars the voussoirs in courzos
4§

or laid at random?

e
1

(1i1) The condition of the materlal - i.e., is there & lot of spalling,

pe

and are the voussoirs sound or are they deteriorating dus to

1

weathering?

(i\?) The type of filling above the arch and its thickness at ths orown
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Ring
Aroh Ring | Factor (#r)

Granite, whinstons and built-in~course masonry,
wiih lacge shaped voussoirs .

.-'.....l.ﬁ-.'-.n.l.--n 1.5

Cuncrote or angineering bricks (see note)

LI I A S S 1.2

idmestons, good random masonry and building bricks
in good condition

-‘.'--.o--uo.o---oooo-uo.c--q.!or-no 1.0

{many

Uasonry -of (any kind) or brickwork in poor condition

shearing, eto,), Some discretion is permitted if"

vouseoirs flaking or badly spalling,

the dilapidation ia ohly moderate cesssscssccnserana 0.7
NOTE: Concrete arches will normally be of relatively recent

construction and their assessment should be based on the

design calculations if these are availsble,

TABLE 1V
Filling Fi11 Factor (P )

Concrete slab or saddle (see note 1) 1.0

Groutsd materials

(vther than those with a olay content) 0.9

¥ell compacted materials (see note 2) 0.7

Wesk materials evidenced by tracking of the

carrisgewsy surface 0.5

NOTE %:- The fill factor for concrete i3 less then the ring factor to

allow for possible lack of abutment to the conorete saddle end
bond to the arch., It may be increased at the engineer's

discretion to a meximum of 1.2 if the details of the saddling

are known to be satisfactory,



ol NOTE 2 When sssessing an arch bridge for Construction and Use Traffiec, unlses
details of the fill sre known or there is evidence of weskneas {rom
the condition of the road surface, it is recommended that thia factor
be adopted. 1f the bridge then requires & reetriction further
investigation should be made to see if it may be inoreased.

Matérisl Factor ¥ = (Ring factor x ring thickness)+(Fill factor x rill depth)
”? " total thickness of ring and Ti11.at orown

(F.xa)+ (Fux h)

h+d
(4) Joint Factor
| ' ) .
3 The strength and stability of the arch r@ng d@pend, to & large
e;tant,?on the size and condition of the joints.
Lime mnrtar is commonly used in bridge construction, particularly
3 cn 0ld hWridges, and, although it is softer tnsn cemeht mortar, and
. :
hes a lower atrength, this is compensated for by better Joint -fililng
g properties and good distributing power under Laad,
¥ : TABLE V
. 7l
| Width of Joint Width Factor (F) |
] =
Joints with widths up to 3" 1.0 : i
| |
Joints with widths between 3" and:%“ 0.9 i
l“.d: ‘ JR————" |
4 Joints with widths over " 0.8 !
R
R
J
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Depth of Joint Nepth Factor (Fd)

Pointed joints in good condition 1.0

Unpointed joints, pointing in poor
condition and joints with up to %" from 0.9
the edge insufficiently filled,.

Joints with from $" %o one tenth of the

thickness of the.ring jnsufficiently 0.8
filled,

. Joints v uffiolently filled for more: | At Engineer’'s
than one--venth the thickness of the ring discretion.

Interpolation beiween thess values is peruitted, depending upon the
extent a4 position of the Joint deficlency.

TABLE VII
Cogéition of Joint - _ Mortar Factor (Fm)
Mortar ‘n good c;ndition S 1.0
" Loose or friable mortar : . ' 0.9'

Joint factor = Width factor x depth factor x wortar factor

FJ=waFdme

(o) Condition Factor

The estination of thé preceding factors is based on quantltative
information obtainable from a close inspection of the struoture, but
the feotor for condition of the bridge depends much more on an
objective aasessment of the importance of the various cracks and
deformations which may be present and how far they may be
counterbalanced by indications of good material and workmanship. The
follewing notes are given as a gulda.

Cracks or deformetion which may have ocourred scon after the bridge
was built are not nsually 8o serious as those which are recent, when

they will show clean facea, poasibly with loovss fragments of masonry.
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and where this is suspeoted, frequent careful observations nay be

necessary before arriving at a final assessment.

Cracks may on occasion be formed in ths mortar oniy and it is

important that oracking and Joint deficiencies should not be confused

with eseh other,

The following is a list of unfavourable and favourshle circumstances,

with a dascription of their algnificance:-

(1)

(11)

(111)

(iv)

(%)

(vi)

Longitudinel cracks near the edge of the arch, signs of
movement between the arch and spandrel or bulging of the
apandrsl, caused by the lateral spread of the fill exerting

‘an outward force on the spandrels. This is a frequent source
of weakness in 0ld arch bridges and the proximity of the
carriageway to the parapet should be taken into acoountlwhen
asgeasing its importanca, o

Longitudinsl cracks due to differential settlement in the |
ebutments, Thess ara daqgerous if large, -because they indicats
that the ring has broken:up into parrower indspen@ent ringa;
Lateral oracks oé permanent deformation of the arch, which may
be caused by partial failure of the arch or movement at the
abutments. Thess faults may ba accompanied by a dip in the
p&arapet whioh may be more easily observed.

Diagonal cracks - these normally start near the sides of the
arch at the springing and spread up towards the centre of the
bridge at the crown. They are probably dve to subsidence at
the sides of the abuément, and if extensive may indicate that
the bridge is in a dangerous statse,

Cracks in the spandrel walls near th~ guarter points frequently
indicating flexibility of the arch ring over the centre half of
the apan,

Movement or oracking of the wing walls is enother common source
of weskness in old bridges and occurs for similar remsons to

(1) above,
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\vi1)

(vii1)

(1x) -

(x)

(xi)

When

between 0 and 1.0.

Whers the Dridge COnsists Ol MULL1I-BPAN ArONes, sau Lue

strength of intermediate piera is in doubt the struoture

should be oclosely examined for oracks or deformation arising

from this cause,

Radial displacement of individual stones or bricka especially

near the orown when there 1is little cover, Displacement may

be due to uneven masonry projeating above the barrel and being

subjeocted to concentrated loads, or a hard spot such as a

pipe flange bearing direstly on the aroh., The damage is usually

localised and not serlious if déalt with before it has progressed

too far,

An arch which is constantly wet or shows signs that damp often

penetraces %s likely to have suffered deterioration from this

cause and 'a reduction of the condition factor.may be warranted

although crecks.and deformatiqna are abaent. -

Some local damage may be offset by avidence that the atructure

waS'puilt-with good dgterials and workmanship. 3uch evidence

will be:~

(2) Durable masonry set in its correct bed.

(b) Well shaped durable bricks,

(o) Correct bonding of brickwork or masonry with regular and
narrow Jointas,

{(4) Original documents showing liberal haunching at the
abutments and a good specification.

The width of an arch should not per se, influence its

carrylng oapacity for C & U vehicles, as the theoretical work

from which the M,E,X.E. Assessment was adapted, considevad

a lane to be carried by an 8' width of structure, Where

however a ocarriageway is close to its edge, an arch is

particularly vulnersble to the damage described in (i) above,

the condition of the bridge has been oritlocally examined, the

Enginesr should give a quantative astimate of its conditlon which will lie

10.

In arriving at this fastor the Engineer should disscclate
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the "oondition factor" from the "material faotor" and "jolnt fasctor" as these
are dsalt with separately as described earlier, Where the condition factor is
laas than 0.4 or the final allowable axle load is less than 5 tons immediate
cohsideration should be given to the repair or reconstruction of the bridge.

Should, for any reason, there ba dlasagresment betlee§ the Bridge Ownsr and
the Highway Authority aver the value of the condition faotor to be taken for an
arch bridge, the disegreement ahouldlbe raferra@ to Bridges Engineering
Departmant.of the Ministry of Tranaport. -

9. Appliostion
The span/rise profile, material, Jjoint, and condition factors should be

‘applied tégether with the provisional assessment obtained as in para. 7 in ordar

to determine the finel axle load to which the bridge should be restricted, the

daleulated value belng rounded up or down to ths nearest ton.
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PROVISIONAL ALLOWABLE AXLE LOADING OF :

MASONRY ARCH BRIDGES BEFORE FACTORING. *7

GRAPH N°13

C
PROVISIONAL AXLE
LOADING ,
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EXAMPLE =

. SPAN = 31 FEET
. SPAN/RISE RATIO=4

N/RISE FACTOR = 1.0

"PROFILE FACTOR = O
EROWN THICKNESS=3-0 FY
RING FACTOR= -2
RING THICKNESS = I-5 FT
FILL FACTOR= O-7
FILL DEPTH = O-50 FT

- MATERIAL FACTOR = |-07 _]

112X |1-5+07 X O-3

WIDTH FACTOR = ©- 9

2:-0

DEPTH FACTOR = O-9

MORTAR FACTOR= §-O

JOINT FACTOR = 0.8]

CONDITION FACTOR= O-6

09X 0:9X |-0

THE PROVISIONAL AXLE LOADING FOR AN ARCH, 31 FT SPAN AND CROWN THICKNESS OF 2-0 FT

{5, FROM THE NOMOGRAM, 1S TONS.
ALLOWABLE AXLE LOAD- IS5XLOX 09X 1-O7 X O8] XO-6=7-42 TONS

“APPLY A 7 TON AXLE LOAD RESTRICTION TO THE BRIDGE .
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Technical Memorandum gBridﬁes! o B, E. 4
- The Assessment of Highway Bridges for

el

Construction and Use VekLicles
Explanatory lotes

Part 111 Clause 5(e)

Due to lack of clarity in fig.6 the .precise wording of this sub-clause
has not always been appreciated. The dimension'h’ is.to be taken as
.. 'the average depth of £ill between the road surface and ths arch ring
| "~ at tle crown' and not 'the average depth of fill between the rvad surfae

! ‘and the-arch.ring at the crown'(i.e. the depth of £ill is to include
A the road surfaoing).

3 The diagram should be amended as shown below,

Road Surface
%’7//////////////////5 J 7 Roud Surfacing

<5
b 7@/&*&-

/
Bridges Engineering Division

L. G. Deuce
Ministey ~f Transport Assistant Chief Engineer
St. Christopher House

,:"" Southwark Street, S.E,1,
-~

- 15th Pebruary, 1969,



