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~-1998 12:13 FROM PELL FRISCHMANN GRP TO 01904522988 P.02

CURRENT INFORMATION SHEET NO. 17

SUBJECT: British Rail Specifications

Assessing Engineers and Checkers should be aware that British Rail Zones appear to have used
specifications which varied from Zone to Zone.

In some cases the specifications are very different, and use of the wrong specification could
lead to unsafe assessments, e.g.:

Class of Midland Zone Spec Southern Zone Spec
Concrete (1960s) (' 968)

(Lbs/sq in) (Lbs/sq in)
A 4000 3000

;1 B 3000 3750
jj C C 1500 4500

"D -6000

E .7500

Regards.

I JxJ,
Tony Small

C

;;

Project File IJ II 0

0 Central File O! I [J

,"'.'" .~.:..~,.~", ~..., ~ '

TOTAL P.02 I

-~





























































































































































































g:\asset\group\library\setan\setan09.doc  Page 1 of 12 

 
METHODOLOGY FOR CARRYING OUT SECTION 117 ASSESSMENTS 
 
 
This methodology may be issued to organisations responsible for carrying out Section 117 
assessments. 
 
 
1 Introduction and Background 
 
1.1 A “Section 117 assessment” has nothing to do with determining an actual load carrying 

capacity of a bridge.  It is an exercise carried out to ascertain Railtrack’s legal liability 
under Section 117 of the Transport Act 1968 as regards the load-bearing capacity of a 
bridge carrying a public highway. 
 

1.2 Section 117 of the above Act requires (inter alia) that Railtrack maintain its highway-
carrying bridges such that they have “the required load-bearing capacity”.  Section 117 
provides further that “the appropriate Minister” may prescribe particular load-bearing 
standards for these bridges.  If no Standards are prescribed, bridges must be capable of 
bearing “the weight of the traffic which ordinarily uses, or may reasonably be expected to 
use, the highway carried by the bridge” at the time Section 117 came into force. 
 

1.3 For bridges in England and Wales, the Railway Bridges (Load Bearing Standards) (England 
and Wales) Order 1972 sets out the required load-bearing standards.  This Order, often 
known as “SI 1705” (Statutory Instrument 1972 No. 1705) specifies the loads to be carried 
by various categories of bridge, mainly determined by the date of construction (or date of 
last reconstruction if reconstruction has occurred). 
 

1.4 For bridges constructed before 1 January 1955, SI 1705 specifies the loading as that due to 
the heaviest vehicles permitted under the 1969 Construction and Use Regulations.  SI 
1705 also specifies that these bridges are to be assessed in accordance with the Ministry 
of Transport Technical Memorandum (Bridges) No BE4 1967 as amended up to 11 
November 1970 (“BE4”). 
 

1.5 For bridges constructed after 1 January 1955, the loading is specified in terms of HA 
and/or HB loading, generally according to date and class of road carried.  No method of 
assessment is specified for bridges constructed after 1 January 1955.  It is considered 
reasonable, however, that bridges constructed after this date and up to 1973 should be 
assessed generally in accordance with BE4 because this represents the best assessment 
practice at the time Section 117 came into force.  For bridges constructed after 1973, 
assessment should be in accordance with the BE standard current at the time of 
construction. 
 

1.6 SI 1705 does not apply to Scotland and no equivalent Scottish Order was ever made.  
Therefore “the required load-bearing capacity” for bridges in Scotland defaults to the 
weight of the ordinary traffic of the day.  It is considered reasonable that the ordinary 
traffic of the day for any given bridge in Scotland should be taken as equal to the specified 
loading for a bridge in England or Wales of the same date and carrying an equivalent class 
of road. 
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1.7 Because SI 1705 does not apply to Scotland, no assessment methods are specified for 

Scottish bridges.  However, it is considered reasonable that bridges in Scotland 
constructed up to 1973 should be assessed generally in accordance with the Scottish 
equivalent of BE4, that is the Scottish Development Department Technical Memorandum 
(Bridges) No SB9/74 (“SB9/74”).  (This is a revised version of a document originally issued 
in 1967.  The technical content of SB9/74 is virtually identical to that of the 1967 version, 
and both are very similar to BE4.) 
 

1.8 Certain forms of construction (e.g. prestressed concrete) are not covered at all in BE4.  
Other forms (e.g. multi-span arches, jack arches) are given incomplete coverage. 
Recommendations are given below for assessment of bridges with construction form not 
adequately covered in BE4. 
 

1.9 The recommendations given below include a table (derived from SI 1705) giving the 
loading which should be used for Section 117 assessments in various circumstances. 
 

Note: the term “BE4 assessment” has commonly been used to indicate the process of 
determining whether or not a bridge has the required load-bearing capacity under Section 
117 of the Transport Act 1968.  As explained above, the process does not necessarily 
include use of BE4, so the term can be misleading.  The term “Section 117 Assessment” is 
therefore considered preferable. 
 

2 Procedure for Undertaking a Section 117 Assessment 
 
2.1 A Section 117 assessment should be undertaken in a very similar way to a BD 21 

assessment in that an Approval in Principle (AIP), Assessment Report and Certificate (Form 
BA) should be produced.  However, there is no need to produce an Inspection Report as 
the report produced for the BD 21 assessment may be utilised and should 

 generally be referenced in the AIP for the Section 117 assessment.  It should be noted 
 that some of the conclusions in the Inspection Report may not be totally applicable to 

the Section 117 assessment because of the limited nature of this assessment and also  
 because there are fundamental differences between earlier assessment methods and 
 BD 21. 
 
2.2 The Technical Approval Authority for all Section 117 assessments is the appropriate 

Railtrack Zone.  A model form AA has been developed for use and is available from 
Railtrack or from the Reviewing Consultant.  This  follows a very similar format to the BD 
21 Form AA, but has been amended to reflect the requirements of the Section 117 
assessment such as the loading and relevant standards.  It also includes sections which 
detail the results of the BD 21 assessment and identify the relevant BD 21 reports. 

 
3 General Provisions – Bridges Built After 1922 but Before 1955 
 
3.1 The majority of Section 117 assessments will be carried out in accordance with BE4.  

Many such assessments are covered by the provisions of Clause 301(a) of BE4 (SB9/74 in 
Scotland); where reasonable evidence can be provided to show that all the following are 
true in respect of a bridge: 
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 it was constructed after 1922 and prior to 1955 (or if the superstructure was 

completely reconstructed between these dates); 

 it carried a classified or trunk road when it was constructed (as advised by Railtrack); 

 its overall condition is not “bad”*; 

then the bridge should be taken to meet the requirements of BE4 (SB9/74 in Scotland) 
and the assessment does not require calculations. 
 
(*Note:  where the BD 21 assessment inspection report does not give an overall 
condition rating, this should be determined from Railtrack’s latest Detailed Examination 
report – if the overall rating is given as “good” or “fair” the bridge should be taken as 
being “not in bad condition”.) 
 

3.2 In such cases the Section 117 Assessment AIP should state that the bridge is to be 
assessed in accordance with the provisions of BE4 (or SB9/74) clause 301(a).  The 
Section 117 Assessment Report should state that the bridge has been assessed as 
capable of carrying Construction & Use traffic in accordance with BE4 (or SB9/74).  The 
back-up supporting information should refer to the specific provisions of clause 301(a). 

 
4 General Provisions – Other Bridges 
 
4.1 In the case of bridges where quantitative methods are required, it is widely accepted by 

highway authorities that a Section 117 assessment need consider only those 
components which have failed to achieve 25 tonne capacity to BD 21 (for bridges 
constructed before 1955) or 38 tonne to BD 21 (for bridges constructed in 1955 or later). 

 
4.2 With regard to the superstructure, a quantitative assessment should be undertaken of 

each component which has been subject to a quantitative BD 21 assessment and which 
 could possibly “fail” a Section 117 assessment.  (Note, however, that this does not apply 

to components which fall outside the scope of the Section 117 assessment or to 
components for which the Section 117 assessment is qualitative – see later in this 
document for details.)  Where the assessor can demonstrate without recourse to 

 calculations that a component will “pass” BE4 (or SB9/74), a suitable statement should 
be made to this effect. 
 

4.3 It is important to identify and report separately each “failed” component and the reason 
for “failure” (e.g “cross girders 3 and 7 fail because corroded bottom flange overstressed 
in bending at midspan”), rather than simply reporting the whole bridge as a “Section 117 

 assessment failure”.  The actual assessed live load capacity of the “failed” component 
should also be stated where this can be identified from the level of analysis undertaken.   

 Such information may be necessary in determining the nature of and liability for any 
subsequent action. 
 

4.4 Components should not be identified as “conditional passes”, even if they have been 
(incorrectly) reported as such in the BD 21 assessment.  If, for example, the BD 21 
assessment capacity of a component has been made conditional on some action, e.g. 
“40 tonne capacity provided that the rivets are replaced”, the Section 117 assessment 
should state that the component “fails because of inadequate rivet shear capacity but 
would pass if some of the corroded rivets were replaced” (or wording to similar effect). 
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4.5 BE4 and SB9/74 state in clause 301(c) that “in arriving at an assessment of the bridge, 

the foundations, substructure and superstructure should all be considered”.  Nothing 
further is stated as regards foundations and substructure, nor as regards arch spandrel 
walls; it is thus reasonable to assume that these components are intended to be 
assessed qualitatively.  Where such a component has “failed” a qualitative BD 21 
assessment (this does not include a component that requires monitoring), a qualitative 
assessment of the component (taking into account the loading criteria of BE4) should 
therefore also be included in the Section 117 assessment. 
 

4.6 It can be seen from the above that there are some significant differences with respect to 
 the content and conclusions of a quantitative Section 117 Assessment Report as 

compared with a BD 21 Assessment Report.  A model for a quantitative Section 117 
 Assessment Report has been produced for use and is available.  The main difference is 

that there are no Results Summary Sheets and obviously, the result is a “pass” or “fail” 
 for each component examined.  As stated above, for each “failed” component the 

reason for “failure” should be given, together with the assessed live load capacity where 
this can  

 be identified from the level of analysis undertaken.  Only one section of text is required 
(Summary of Results), as there is no need to repeat the information which is given in the 
BD 21 Assessment Report. 
 

4.7 The various documents for a Section 117 assessment should include sufficient cross-
referencing to the relevant BD 21 documents to ensure that a technical audit trail is fully 
established. 
 

4.8 A Certificate (Form BA) is also required and a model for a quantitative Section 117 
assessment is available. 

 
5 Bridges of More than One Span 
 
5.1 SI 1705 states that “where a . . . bridge consists of more than one separately supported 

span, each span, together with its supports and its superstructure, shall . . . be treated as a 
separate . . . bridge”.  Therefore if a multi-span bridge has simply-supported spans which 
were constructed or reconstructed at different times, each span should be considered 
separately for Section 117 assessment purposes. 

 
6 Approval Process 
 
6.1 As stated above, the relevant Railtrack Zone is the Technical Approval Authority (TAA) for 

both the Approval in Principle (Form AA)  and Certification (Form BA) of Section 117 
assessments.  This is different from the process for BD 21 assessments.  The Zone, 
however, will generally require both the Form AA  and the assessment to be reviewed by 
the appropriate Reviewing Consultant before giving approval.  As is the case with BD 21 
assessments, the standard procedure requires the Form AA to be approved prior to 
commencement of the assessment. 
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7 Analysis and Methods of Calculation 
 
7.1 General – Pre-1955 Bridges 

 
7.1.1 For pre-1955 bridges in England and Wales, the analysis should be undertaken in 
 accordance with Ministry of Transport Technical Memorandum (Bridges) No. BE4 The 

Assessment of Highway Bridges for Construction and Use Vehicles 1967 (as amended up to 
11  

 November 1970).  For pre-1955 bridges in Scotland, Scottish Development Department 
 Technical Memorandum (Bridges) No SB9/74 should be used.  The technical content of 

SB9/74 is very close to that of BE4 and references to BE4 below may generally be taken as 
applying equally to SB9/74 (although clause numbering may differ). 
 

7.1.2 BE4 utilises working stresses and makes reference to other Codes of Practice which were 
current at the time.  The Codes current at the time of the Order and which should be 
used as appropriate, depending on the form of construction of the bridge, are as 
follows: 

a) BS 153 Parts 3 and 4  Specification for Steel Girder Bridges:  Part 3B Stresses and 
Part 4 Design and Construction (reset and reprinted April 1966) and subsequent 
amendments up to and including Amendment No 8 (AMD 93 September 1968); 

b) CP 114: Part 2: 1969  The Structural Use of Reinforced Concrete in Buildings; 
c) CP 115: 1969 – The Structural Use of Prestressed Concrete in Buildings; 
d) CP 116: 1969 – The Structural Use of Precast Concrete; 

e) CP 117: 1967:  Part II  Code of Practice for Composite Beams for Bridges. 
 

7.1.3 BE4 identifies for various forms of construction the different material stresses that 
should be utilised and also the approach which should be adopted for the analysis, in 
some cases utilising the codes detailed above.  Some forms of construction are not 
covered and there are also some important differences with respect to modern day 
codes which need to be highlighted.  These are detailed below by discussing each 
common form of bridge construction in turn.  It is important to grasp that where a 
method is not covered in BE4, the approach should be in accordance with that 
reasonably held to have been normally available in 1972.  The method must be logically 
defensible, not necessarily defensible in terms of modern engineering knowledge. 

 
7.2 Single Span Masonry Arches 
 
7.2.1 BE4 details clearly the method of analysis for single span arches which is adapted from the 

method set out in “Military Load Classification by the Reconnaissance and Correlation 
Methods”, MEXE May 1963.  However, BE4 does not give any quantitative guidance on 
what condition factor should be used for the structure; it only discusses the various cracks 
and other defects which should be taken into account.  It cannot at present be established 
with any certainty how practising engineers in the early 1970s in fact derived condition 
factors.  Until more information is available, the condition factor used for a Section 117 
assessment should provisionally be taken as the same as that derived for the relevant BD 
21 assessment.  However, if this results in a section 117 “failure” in any particular case, 
further advice should be sought from Railtrack. 
 



SE/TAN/211100/9  (Issue 2)      Load-Bearing Liability for Highway Bridges:  Section 117 (BE4) Assessments 
 
 

g:\asset\group\library\setan\setan09.doc  Page 6 of 12 

 
7.2.2 BE4 makes no reference to the result being possibly unconservative for cases where the 
 depth of fill is greater than the thickness of the arch barrel as is stated in BD 21 Clause  
 6.17.  It is therefore considered that for a BE4 analysis the full depth of fill can be used 

without recourse to any additional checks.  There is no requirement in BE4 to consider 
axle lift off or any longitudinal gradient to the road. 
 

7.2.3 As in BD 21, there is a limitation on the span of 60 ft (18.2m).  The approach to be  
 adopted for spans greater than this should be agreed with the TAA.  BE4 is very clear that 

the skew span should be utilised in the analysis. 
 

7.3 Multi Span Masonry Arches 
 

7.3.1 BE4 is rather ambiguous with regard to multi span arches.  There are two places where 
reference is made to this form of construction.  Part III clause 2 states, with respect to the 
method of analysis for arches, that “it is intended to be applied primarily to single span 
arches and in the case of multiple spans, particular attention is drawn to clause 8(e)(vii)”.  
This latter clause is included in the list of factors that need to be considered in the 
determination of the condition factor for an arch; it states that “where the bridge consists 
of multi-span arches and the strength of intermediate piers is in doubt, the structure 
should be closely examined for cracks or deformation arising from this cause”. 
 

7.3.2 The above statements do not clearly define how a multi span arch should be assessed.  
However, it might be read that in the vast majority of cases multi span arches should be 
considered as individual single span arches and that only when damage is apparent to the 
pier should the effect of the pier be taken into account.  In such case, a condition factor 
should be incorporated.  However, in line with other structural defects, no value for the 
condition factor is given in BE4.  This approach can be compared with that given in 
“Military Load Classification of Civil Bridges by the Reconnaissance and Correlation 
Methods (Solug Study B.38.), MEXE 1963” from which BE4 was developed, in which the 
approach for multi span arches is much clearer.  In the MEXE document, it is clearly the 
case that a reduction should be made in the capacity of an arch structure where piers are 
present irrespective of whether there are defects.  It does not define the dimensions for a 
pier, although it is clear that it is trying to relate a pier to an abutment, which it defines as 
sufficiently massive to resist the full thrust of an arch.  No information is provided on what 
should be done if the pier exhibits significant defects. 
 

7.3.3 It is not known why BE4 does not reflect MEXE in this matter.  It may be that the authors 
of BE4 thought that the determination of the adequate strength of a pier could best be 
achieved by a qualitative inspection to remove any question regarding whether a pier is 
stocky enough to be considered an abutment.  This is supported by the fact that BE4 has 
completely removed the whole concept of “abutment factor” for arches, thus indicating 
that a qualitative assessment of the adequacy of the substructures is all that is required.  
For abutments, this is also the present day approach. 
 

7.3.4 The current Railtrack Line Code of Practice RT/CE/C/015 The Assessment of Underbridge 
Capacity (issue 1) utilises the factors contained in MEXE:  namely a factor of 0.9 for an 
arch supported on one abutment and one pier and 0.8 for an arch supported on two piers.  
It is therefore considered reasonable that, to avoid any further debate on the issue, the 
Section 117 assessment of multi span arches should utilise these factors.  However, it 
should be noted that these factors apply to multi span arches where the piers do not 
show any signs 
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 of significant distress.  To cater for defects that may be present in the piers, it is 

considered that a qualitative assessment of the piers should be included to supplement 
the capacity obtained from the individual arch analyses. 
 

7.3.5 For multi span arch assessment, account should also be taken of the points given above 
for single span arches. 
 

7.4 Reinforced Concrete Bridges 
 

7.4.1 Reinforced concrete bridges should be analysed to CP 114:  Part II:  1969 The Structural 
Use of Reinforced Concrete in Buildings  the current Code at that time.  However, the 
stress limitations should be as stated in BE4 Part 1 clause 304(d).  These stresses apply 
irrespective of the age of the bridge as stated in the Code by reference to clause 301(a).  
Comparison with CP114 shows that these stresses appear to reflect a concrete with a 28-
day strength of 15N/mm2.  This reflects the approach adopted in BD 21 in cases where the 
strength of the concrete is not known.  However, where there is evidence to support the 
use of a higher strength concrete, then the appropriate strength should be utilised.  In 
general, this should reflect the strength utilised in the BD 21 analysis. 
 

7.5 Metallic Bridges 
 
7.5.1 BE4 is most detailed with respect to metallic bridges as these form a significant proportion 
 of the bridge stock constructed prior to 1922.  As in BD 21, distribution factors are 
 provided for determining the loading dispersal/distribution for standard beam decks and 

for troughing decks.  For beam decks, BE4 also details the approach that should be 
adopted when the distribution curves are not applicable. 
 

7.5.2 Permissible stresses should be in accordance with those detailed in BE4 Part I clause 304.  
It should be noted that where reference is made to BS 153:  Part 3B, stresses are based on 
Table 1, case II.  For most steel or wrought iron elements, this results in an increase of the 
permissible stresses by 25%. 
 

7.5.3 The method of analysis of the metal members should be as stated in BE4 Part I clause 305.  
Methods of calculation for steel and wrought iron are specified in clause 305(b)(i), that is 
generally in accordance with the version of BS153 current in 1967.  However, where 
bridge details do not comply with BS153, “the variations shall be taken into consideration 
and due allowance made in assessment”. 

 
7.5.4 Thus, where half-through girder bridges have construction details not covered by BS153 

(e.g. cross girder locations not coincident with main girder stiffeners), it is considered 
appropriate to determine girder top flange effective length in accordance with the 
British Rail internal document 1963 Addendum to BS 153, because this represents best 
assessment practice at the time.  The intention to use the 1963 Addendum should be 
stated in the AIP.  Where details of the bridge do comply with BS153, the 1963 
Addendum should not be used because clause 305 requires calculations to be based on 
BS153 in such cases. 
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7.5.5 A common type of superstructure consists of metallic beams supporting jack arches.  BE4 

is evidently intended to cover this form of construction since jack arches are referred to in 
Part I clause 303, subclauses (b)(ii) and (c)(i).  Nothing further, however, is stated as 
regards assessment methods for jack arches; in particular, tie bars are not mentioned at 
all.  It is therefore considered that jack arches and their associated tie bars (if any) should 
be assessed against the general requirements of clause 301(b) that “the structure shall be 
examined for possible faults . . . and allowance made for its condition when the carrying 
capacity is assessed”. 

 
7.5.6 In accordance with the above, lack of edge-bay tie bars or equivalent lateral restraint 

should not in itself be taken as warranting a Section 117 assessment “failure”.  The 
approach to be taken for the jack arches and the tie bars should be as follows: 

a) Jack arches which do not carry highway loading as specified in BE4 should be assessed 
only for self-weight (plus footway loading if crowds are expected – see clause 302(c)). 

b) If a jack arch supports highway loading and is in good condition, the arch and its 
supports should generally be deemed to “pass” BE4 qualitatively. 

c) If a jack arch is not in good condition, this should be taken into account in the 
assessment of the arch and its supports, but it should not necessarily be “failed”.  Signs 
of significant distress due to traffic loading may warrant a “failure”, but a modest 
degree of deterioration due to weathering or water penetration should generally not. 

d) If edge-bay tie bars are present and in good or fair condition, they should generally be 
deemed to “pass” BE4 qualitatively (regardless of whether or not they comply with the 
empirical criteria given in Current Information Sheet (CIS) 22). 

e) If there are no tie bars and there is no evidence that they were ever provided, tie bars 
do not form a structural element of the bridge and so their absence is immaterial to a 
qualitative assessment. 

f) If there are no tie bars but there is evidence of their presence in the past, or if tie bars 
are present but in poor condition, consideration should be given to justifying a BE4 
“pass” on the basis of one or both of the following: 
(i) the presence of an unloaded edge bay beyond the outermost bay carrying 

highway loading – it may be justifiable to deem from inspection that this provides 
adequate restraint to the adjacent loaded bay, or the degree of support could be 
investigated by doing simple hand calculations of the type likely to have been 
done in the late 1960s; 

(ii) the presence of a “stocky” edge beam which has sufficient strength (in 
conjunction with the residual strength of the tie bars if any) to resist lateral thrust 
from the jack arch – this should be determined from simple hand calculations of 
the type likely to have been done in the late 1960s and should thus generally 
ignore lateral deflection of the beam or any possible deterioration of the structure 
under repeated loading. 

 
7.6 Composite (Metal/Concrete) Bridges 
 
7.6.1 BE4 makes no reference to composite action between metal and concrete.  At the time of 

SI 1705, there was a Code of Practice for Composite Beams for Bridges  CP 117:  Part 2:  
1967.  However, it should be recognised that most “composite” bridges were probably not 
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 designed as such, as no positive shear connection was provided.  Therefore use of CP 117 

may not be appropriate for the majority of cases.  In addition, the condition of the bridge 
may be such as to preclude composite action; this should have been appraised in the BD 
21 assessment.  It should also be noted that CP 117 does not apply to filler beam decks. 
 

7.6.2 In view of the above, all proposals for Section 117 assessments of composite 
metal/concrete bridges should be agreed with Railtrack at an early stage, before 
completion of the AIP documentation. 
 

7.7 Pre-tensioned Prestressed Concrete Bridges (with and without infill concrete) 
 

7.7.1 No reference is made to prestressed concrete in BE4.  However, at the time of SI 1705, 
prestressed concrete bridges were normally designed in accordance with CP 115:  1969 
The Structural Use of Prestressed Concrete in Buildings or CP 116:  1969 The Structural Use 
of Precast Concrete, as appropriate.  Section 117 assessments of pretensioned concrete 
bridges should therefore be undertaken in accordance with the relevant one of these 
documents.  The points given below should be read in conjunction with the appropriate 
Code as they clarify the provisions of the Code and reflect the practice at that time. 
 

7.7.2 Permissible bending tensile stresses should accord with Table 5 for “maximum working 
load often occurring and/or of long duration”, i.e. tensile stresses are permitted in the 
prestressed concrete. 
 

7.7.3 In the transmission zone, shear should be checked either by treating the section as 
reinforced concrete and therefore utilising CP114 or considering it as a prestressed 
concrete section with a reduced prestress force whose value will depend on the section’s 
distance from the end of the beam.  It is considered reasonable to utilise whichever gives 
the greater strength. 
 

7.7.4 Shear should be checked at critical sections, ie points of maximum shear and changes of 
section including changes of links.  Shear should be checked under working loads with 
erection history considered.  The principal tensile stress in the beam should be 
calculated at different positions down the beam in order to determine the critical 
location.  The following formula should be used: 

 Maximum principal tensile stress  =  fcd/2  [(fcd/2)2 + fcv
2] 

 where 
    fcd  =  direct stress in concrete at level considered (value after losses) 
    fcv  = shear stress at level considered  = Vay/Ib (i.e. as used for longitudinal shear) 

        where 

  V = shear force 
  a = area of concrete outside the point considered 
  y = distance from centroid of area a to centroid of section considered 
  I = second moment of area of section about neutral axis 
  b = width of section at point considered.  This will be web width when the beam  
    alone is checked but for infill decks will normally be beam spacing when  
    imposed load is considered. 
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 This maximum principal tensile stress should be calculated separately for the self-weight 

plus wet concrete load taken on the beam alone and the other loads taken on the 
composite (for infill decks) section and the resulting stresses should then be added.  The 
infill should be checked to CP 114. 
 

7.7.5 With bending stresses limited as detailed in 4.9.2 above, sections can be treated as 
“uncracked” for the purpose of shear calculations of simply supported beams. 
 

7.8 Post-tensioned Concrete Bridges, Timber Bridges 
 

7.8.1 The method of assessment for post-tensioned concrete bridges and timber bridges (or 
bridges with timber components) should be agreed with Railtrack. 
 

8 Loading for Section 117 Assessments 
 

8.1 The live loading to be applied for Section 117 assessments is defined in SI 1705 (for 
bridges in England and Wales) and depends on a number of factors, principally the date 
of construction (or date of last reconstruction) and class of road carried.  The 
information given in the Table below is derived from SI 1705.  These loadings should be 
used for 

 bridges in Scotland as well as those in England and Wales.  For multi-span bridges, the 
loading (and the method of assessment) appropriate to the date of each span should be 
applied to that span. 

 
Date of construction 
(or date of last 
reconstruction) 

Road class in 1972, as 
given in the Local Govt 
Act 1966 Sec 27(2) 

Relevant 
Schedule/Part of SI 
1705 

Live loading 
(see Note 1) 

Before Jan 1955 All Part I of Schedule 1 BE4 C&U vehicles 
(See Note 2) 

Jan 1955 - Jan 1962  
+ SI 1705 Schedule 2 
list (1962 - 1972) 

All Part II of Schedule 1 BS 153 Pt 3A, HA only 
(see Note 3)  

Jan 1962   (except 
Schedule 2 list) 

Principal:  classified as 
45HB unit road 

Principal:  not 
classified as 45HB unit 
road 

Not principal 

Part IV of Schedule 1 
 

Part III of Schedule 1 
 

Part II of Schedule 1 

BS153 Pt 3A, HA + 
45HB (see Note 3) 

BS 153 Pt 3A, HA + 
37½HB (see Note 3) 

BS 153, Pt 3A, HA only 
(see Note 3) 

Note 1: These loadings do not apply where the road carried by the bridge is subject to a traffic 
weight prohibition under section 1, 6, 12 or 17 of the Road Traffic Regulation Act 
1967(b) in place or pending at the time SI 1705 came into force. 

Note 2: “C&U vehicles” loading is as given in BE4 Part I clauses 201, 202 and 302.  If using the 
1967 version of BE4, the dimension shown in clause 202 as 4ft 6in should be changed to 
4ft 0in (September 1970 amendment to BE4). 

Note 3: HA and HB loadings are to BS 153:  Part 3A (amended to 1968), modified by MoT Memo 
771 (reprinted 1968) (except paragraphs 4i, 4ii and 4iii). 
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8.2 Referring to Note 1, it should be noted that some weight limits on or near bridges are 

imposed for environmental reasons rather than bridge strength reasons and it is 
important to ascertain if this is the case when a bridge is reported as having a weight 
limit.  Further advice should be sought from Railtrack in all cases where a weight limit 
notice is displayed on or near a bridge. 
 

8.3 For some bridges an assessment of the HB capacity will be required.  This depends on 
the classification of the road carried at the time of SI 1705.  Railtrack will normally 
undertake the determination of this classification. 
 

8.4 Regarding footway loading, in the case of pre-1955 bridges BE4 clause 302(a) makes 
clear in the text and diagram that Construction and Use vehicles loading is intended to 
be applied to the road carriageway only, not to the footways or verges.  The following 
should therefore apply for all assessments to BE4: 

 vehicle loading should be taken as applied only to the carriageway of the road; 

 accidental wheel loading on footways/verges should not be taken into account; 

 footway loading should not be taken into account unless notified by Railtrack that 
crowd loading could reasonably have been expected at the time of SI 1705; 
 

8.5 BE4 makes no mention of secondary loading or load effects such as those due to wind, 
temperature, settlement, centrifugal forces, traction and braking, accidental impact or 
parapet containment.  Such loading or load effects should therefore not be taken into 
account for assessments to BE4. 
 

8.6 It is not anticipated that very many post-1955 bridges will need to be subject to Section 
117 assessment.  For those which do, footway loading and secondary loading effects 
should be taken into account as given in BS 153 (amended as specified in SI 1705). 

 
9 Substructures, Foundations, Spandrel Walls, Columns and Piers 

 
9.1 BE4 Part 1 (and SB9/74 Part 1) state that “in arriving at an assessment of  a bridge, the 

foundations, substructure and superstructure should all be considered” (clause 301(c)).  
However, it is only in relation to the superstructure that “the constituent parts should all 
be investigated for the loading they carry”.  This implies that all other parts of the bridge 
should be subject only to a qualitative assessment (essentially in line with the BD 21 
approach). 
 

9.2 However, it should be noted that quantitative assessment is explicitly required for mild 
steel and wrought iron columns (clause 305(b)(i) and for cast iron columns (clause 
305(b)(ii)(2)).  Slender reinforced concrete columns (i.e. those where buckling failure is a 
possibility) should also be assessed quantitatively, but stocky concrete columns or piers 
should be assessed as if they were masonry structures. 
 

9.3 Masonry piers of multi-span arches should be assessed qualiitatively.  (The effect of the 
piers on the quantitative assessment of the arch capacity should be taken into account 
as given in 6.3.4 above.) 
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9.4 Abutments, wingwalls, spandrel walls and foundations should be assessed qualitatively. 

 
10 Defects 

 
10.1 Each bridge should be assessed on the basis of the inspection results obtained for the 

BD 21 assessment.  BE4 states that “the structure shall be examined for possible faults, 
e.g. corrosion, settlement, faulty material, and allowance made for its condition when 
the carrying capacity is assessed” (Cl 301(b)).  Any reduction in section of components 
used for the BD 21 assessment should be applied to the Section 117 assessment where 
quantitative methods are required. 
 

10.2 In many cases, qualitative results for the Section 117 assessment are likely to mirror  
 those obtained for the BD 21 assessment.  However, there may be situations where it is 

appropriate to take into account that the Section 117 assessment loading is significantly 
less than the actual loading a bridge is likely to have experienced in the recent past (say 
38 ton), and that this may be used to justify a favourable qualitative result. 
 

11 Computer Analysis Methods 
 
 It is considered reasonable that computer methods of analysis can be used if they reflect 

methods which were generally available and used in practice in 1972.  This would 
include two-dimensional grillage analysis etc., which in principle could be achieved by 
hand calculation and/or by using published charts or graphical methods.  However, finite 

 element analysis and other “advanced” numerical methods are not considered 
appropriate.  Nor are techniques such as yield line analysis considered in general 

 appropriate because they are “ultimate” analyses which do not accord with the “elastic” 
analysis approach of BE4 and other Codes of that time. 
 

12 Category of Check 
 

 For Section 117 assessments the category of check should normally be Category 1. 
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CURRENT INFORMATION SHEET NO 35
SUBJECT: ASSESSMENT OF METAL HOGGING PLATES IN METAL BEAM BRIDGE DECKS

This Current Information Sheet is issued for guidance purposes only: it is not mandatory. The
Assessor must be satisfied that the advice given in this Information Sheet is appropriate to the

structural arrangement in question.

1 Introduction

Some outmoded forms of construction in wrought iron and steel bridges have presented
difficulties for assessors. Hogging metal plates (commonly called buckle plates) are an example

of one of these forms of construction, and are commonly found within metal overbridges.

This Current Information Sheet applies to the assessment of metal hogging plates in metal beam

0 bridge decks. It covers both longitudinal and transverse spanning hogging plates.

2 Scope

2.1 This document deals with the assessment of the strength of metal hogging plates and includes

both longitudinal and transverse spanning hogging plates.

2.2 Plates span between the top flanges of either longitudinal or cross beams within a metal bridge
deck. Alternatively, they span between the bottom flanges. The plates are formed from square
or rectangular panels, which are curved upwards (hogging). The plates are normally either
riveted or bolted down to the supporting beams, as well as being connected by riveted splice
plates to each of the adjoining buckle plates. These plates support fill material, either structural
or non-structural, which acts as a medium for the dispersal of wheel loadings.

2.3 This document details a method for the quantitative assessment of metal plates, which has
been determined from a series of sophisticated analyses covering the range of typical hogging
plates that can be found in overbridges. A summary of the investigative work carried out is
contained Appendix A. The method of assessment is similar to that of the Modified MEXE

0 Assessment for arches in that a Provisional Wheel Load value is first determined based solely
on the plate thickness. The result is then modified by a series of Modifying Factors to account
for the influences of span, plate rise, fill depth, any in-plane stiffening and plate position. The
resulting value is then adjusted for the material safety factors to produce an Allowable Wheel

I Load to be compared against BD 21 wheel loading levels.

2.4 This Current Information Sheet covers the assessment of hogging metal plates with the
following restrictions. For general details of a hogging plate refer to Figure 1.

.Plate thickness between 8mm and 16mm

.Clear span of plate between 900mm and 2300mm

\ .Plate rise between 60mm and 105mm

.Fill depth between 300mm and 900mm

.All the hogging plates should either span between top flanges or bottom flanges of the beams.

.A double curvature plate can be conservatively assessed as a single curvature plate.

.The rivets connecting the plate to the girder should be a minimum of 5/8 inch (16mm) diameter
and at a maximum pitch of 4 inch (100mm) or equivalent. .

Report No BO395A1TM/77381 1 Gifford and Partners
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3 Assessment of Hogging Plates

3.1 General Background Information

The assessment method has been developed from a study of the available record information
for a large number of metal bridges incorporating hogging plates and the loading that they
experience. In particular, the following background information should be noted: -

Live Loadina

Critical vehicle loading is applied through a single wheel acting vertically on the road surface. A
300mm square wheel footprint is applied, giving a uniform pressure of approximately 1.1 N/mm2
at the road surface and transferred through the surfacing and fill using a 2: 1 dispersion with
depth in accordance with BD 21. The distributed wheel load has been investigated in both the
central and eccentric arrangements in order to determine the critical wheel load position.-
Hoaqinq Plate Dimensions

Figure 1 details the dimensions that are required for the assessment of a hogging plate.

In Plane Stiffenina

The study of the different forms of hogging plates has shown that various forms of stiffening have
been incorporated in the fabrication of a hogging plate to facilitate the connection to adjoining
hogging plates and the supporting girders and also to provide edge stiffening to external hogging
plates. These stiffening types are shown in Figure 2.

Generally, it has been found that the addition of plate stiffening significantly increases the
capacity of the hogging plates for all support conditions considered. It is also noted that the in-
plane stiffening of buckle plates is a more effective rnethod of strengthening than the alternative
of providing only ties or cross braces between the supporting girders.

3.2 Method of Assessment

The method of assessment is based on the findings of a number of sophisticated analyses
undertaken on hogging plates of different dimensions and in plane stiffening with varying depth of
cover. The assessment rules are applicable to both wrought iron and steel and also to longitudinal
and transverse spanning hogging plates.

The initial assessment is in terms of a maximum allowable axle loading based on an un-stiffened
buckle plate and is representative of the most common type of hogging plate detail. This is
deemed the Provisional Wheel Load. The effect of the plate support condition is incorporated in
the parameters.

This Provisional Wheel Load is then modified by a series of Modifying Factors whose values are
related to the bridge specific parameters of span, plate rise, fill depth, in plane stiffening and plate

position.

In service corrosion of hogging plates can lead to a global or local reduction of plate thickness. The
effects of global corrosion of the plate can be incorporated in the numerical assessment directly by
using a reduced thickness in the equation of Section 3.3. Local corrosion can consist of holes in the
plates. Where the holes have a diameter not more than six times the plates thickness and they are
more than 60 times the plate thickness apart, their effect can be ignored. The effect of holes with a
diameter more than this limit or at closer spacing should be considered using a non-linear analysis

Report No BO395ArrM/77381 2 Gifford and Partners
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approach similar to that used in the study as detailed in Appendix A.

3.3 Provisional Wheel Load

The Provisional Wheel Load PWL (kN), is obtained from the following equation which is a function
of plate thickness tp (mm):

PWL = 618000 x (tp/1 000) 1.865 ( 1)

Where 8mm ~p ~16mm

Extrapolation outside the range shown is not permitted. For ease of use, the following Table gives
the commonly found thicknesses of metal hogging plates, together with the associated PWL.

Plate Thickness (mm) PWL

0 9.525 (%in) 105 kN

) 11.1125 (7/16in) 140kN

12.7 (Y2in) 180 kN

15.875 (&fain) 272 kN

This provisional Assessment is based on the following parameters:-

.Plate span 5 = 1200mm (4 ft)

.Plate rise Rx = 76.2mm (3 in)

.Fill depth d,= 350mm (14 in)

.Surfacing constant 100mm thick

The provisional wheel load obtained is then adjusted by application of the modifying factors in
Section 3.4.

3.4 Modifying Factors
6::;),
\J!!J

The following Modifying Factors are used to adjust the Provisional Wheel Load. Extrapolations
outside the ranges shown in each of the Tables below are not permitted.

i) Factor for variation in olate soan «(span)

Plate span (mm) -Factor 'span
i 900 1.62

1200 1.00
, 1500 0.69

1800 0.51

2300 0.34

(span = 1.3574 x (5/1000)"1.6761 (2)

.
Where 900mm ~S =::;2300mm
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ii) Factor for variation in plate rise frise

Plate rise (mm) Factorfrise

63.5 (2.5in) 0.84

76.2 (3in) 1.00

88.9 (3.5in) 1.106

101.6 (4in) 1.213

frise = 8.373 x R)1000 + 0.362 (3)

Where 60mm ~Rx ~105mm

iii) Factor for variation in fill deDth ffill

C
Fill depth (mm) Factor flill

300 0.95

350 1.00

400 1.05

450 1.10
)

500 1.15

550 1.20

600 1.25

750 1.40

900 1.55

ffill = df/1000 + 0.65 (4)

0 Where 300mm ~f:5;900mm

iv) Factor for plate stiffenina effect fstiff

Plate stiffening type (see Figure 2) Factor fstiff

Type Stiffening arrangement .

SI Single un-stiffened plate (generic model) .1.00
, S2 Single plate with Tee stiffene~1) 1.25

S3 Joined plates with splice plate(2) 1.40

54 Joined plates with Tee stiffene~1) 2.50 1

S5 Vertical stiffener to buckle plate(3) 3.50

(1) Tee stiffener -minimum size 5" x 3" x %"

(2) Splice plate -minimum size 5" x %"
(3) Vertical stiffener -minimum size 2 No 5" x 3" x %" Tees and %" web (12" min depth) ,

Report No BO395A1TM/77381 4 Gifford and Partners
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v) Plate Position effect fpas

The position of the plate within a deck also affects its load carrying capacity. An edge plate
confined by an external and an internal girder has about 50% the capacity of an internal plate.

Plate Position Factor fpos

Intemal Plate 1.00

Edge Plate 0.50

3.5 Allowable Wheel Load

The Provisional Wheel Load (PWL) is first obtained from equation (1) depending on the plate
thickness of the structural model to be assessed making suitable allowance for any global

C corrosion.

The actual ultimate Wheel Load Wu (kN) is obtained from the following equation:

W u = 0.9 x PWL x fspan x frise X ffill X fstiff x fpos (5)

Note that this formula makes an allowance for the dead load and superimposed dead loading
applied to the structural arrangement by the insertion of 0.9 in equation (5). This factor gives a
conservative value to the ultimate wheel load W u because it is found that for increasing depths of fill
the capacity of applied wheel load also increases in proportion.

The ultimate wheel load obtained should then be further modified to take account of the applied

safety factors, Vm, VFI and VF3. The allowable wheel load value (Wa) thus calculated may then be
compared with the appropriate load tables in BO 21 to obtain the assessed live load capacity of the

hogging plate.

0

i
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4 Additional information

A typical form of assessment calculation is provided in Appendix B.

Plan

:5
:2
s:

0

I I I I
I I I I
lIt I

Section I I I I
,

Surfacing Depth

Fill Depth

Plate thickness

Clear S an

0 Supporting girder

Figure 1 Typical Hogging Plate Detail

Note: For hogging plates sitting on top of the bottom flanges of the girders, the fill depth should be measured from

.the top of the bottom flange.
i
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Type 51 (single un-stiffened plate)

J
3'"

Metal plate....
Type 52 (single plate with Tee stiffener)

Tee stiffener S" .3" .3/8"

0

Type 53 (Joined plates with splice plate)

Splice Plate S" x 3/8"

Type 54 (Joined plates with Tee stiffener)

Tee stiffener S" .3".3/8"

0

Type 55 (Vertical stiffener to hogging plate)

i

j

2 No 5" .3" .3/8" T', with 3/8" web

Figure 2 Types of Metal Plate Stiffeners

(Minimum stiffener sizes shown)

Reporl No BO395A1TM/77381 7 Gifford and Parlners
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APPENDIX A

SUMMARY OF INVESTIGATIVE WORK

0

;
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A technical appraisal of current assessment codes and relevant literature was undertaken to

determine the potential benefits of carrying out more sophisticated analyses to identify the perceived
likely modes of hidden strength of metal floor plates. The Bridgeguard 3 database was also reviewed
to compile an index of applicable bridges and to identify common forms of structural types. The

largest population of bridge types were found to contain either single curvature arched plates or flat
plates supported on the top flanges of the girders. Typical ranges of potential variations for these
structural arrangements of metal floor plate and support structures were examined and noted.

A localised parametric finite element (FE) model of a single curvature arched plate was developed
with consideration given to idealised flexural simple and fixed boundary conditions supported with both
rigid and sprung supports for horizontal movements.

The characteristics of the generic plate model were as follows:

.Span -1200mm

( .Rise -75mm

.Plate thickness -9.525mm (3/8in)

.Depth of fill -350mm

.Depth of surfacing -100mm I

The loading was based on a single wheel, applied over a square contact area, using the dispersal -
through both the fill and the surfacing as defined in BD21/01 (one horizontal to two vertical). The
wheel load was considered to act either centrally over the metal plate, or eccentrically such that the
dispersed loading was still fully applied to the plate. It should be noted that the fill material was

.modelled to act solely as a dispersal medium. It neither acted compositely with the metal plate nor
assisted with preventing its deformation. The lateral stability introduced by the dead load of the fill
was included but the stiffening effect was ignored.

Geometric and material non-linear analyses were undertaken, and subsequently the parameters of
span, geometry and plate thickness were each varied in turn. These variations were:

.Span -900mm, 1200mm 1500mm, 1800mm, 2300mm

.Rise -69.85mm (2.75in), 76.2mm (3in), 101.6mm (4in)

0 .Plate thickness -9.525mm (3/8in-), 11.113mm (7/16in), 12.7mm (1/2in), 15.875mm (5/8in)

.Depth of fill -350mm, 500mm, 600mm, 900mm

A family of ultimate capacity curves for critical loading conditions was obtained from the analysis
results.

In addition global finite element models with single curvature arched buckle plate were set up and

validated. These models represented bridges containing longitudinal girders with the metal plates
spanning transversely and bridges with cross girders spanning between longitudinal edge girders and
supporting metal plates spanning longitudinally. Critical load positions were investigated with
geometric and material non-linear solutions.

The work carried out in this phase clearly indicated that the stiffness of the support beams had quite
an effect on the capacity of the buckle plates. The load carrying capacity of buckle plates improved
when the loading was applied to the inner bays. This was carried out for the buckle plates supported
on longitudinal beams.

Repolt No BO395A1TM/77381 A2 Gifford and Paltners
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The effect on load carrying capacity of plates due to effects of stiffeners was investigated for the

following types of stiffeners.

.Plate stiffening (T -stiffeners, Plate Stiffeners)

.Plated Support (Lateral vertical plates at intervals)

.Cross Bracing (Angles and T -sections at intervals)

0

0

;
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APPENDIX B
.,

FORM OF ASSESSMENT CALCULATION

0

\
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Example of calculation to assess capacity of metal hogging plate

Introduction

The calculation provides a suggested method of obtaining the actual applied wheel loading for a typical
metal hogging plate. The structural arrangement is shown in Figure A 1.

The following key parameters, which-are those having the greatest effect on the capacity of the metal
plate, are recorded:

.Plate thickness tp (mm)

.Plate span S (mm)

.Plate rise Rx (mm)

.Fill depth d, (mm)

.Position of Plate (internal or edge)

( ") Additional strengthening of the metal plate QY various types of stiffening has also to be carefully

considered. Five types of stiffening are available for use in the capacity assessment.

After calculation of the Provisional Wheel Loading Assessment PWL, using equation (1), this value is

adjusted (see Section 3.4) by using the various modifying factors for the parameters noted above.

Calculation

100mm surfacing

450 mm fill
r- 9.525mm metal plate

0

I~ S=1000mm ~I

I"" ~I Support Girder

(Wrought Iron)

;

Figure A1 Structural arrangement of metal hogging plate

1. Record the following data:

i) Plate thickness tp = 9.525 mm
ii) Plate span S = 1000 mm
iii) Plate rise Rx = 76.2 mm
iv) Fill depth d, = 450 mm

v) Internal PlateL 
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2. Obtain the Provisional Wheel Loading Assessment PWL

From Section 3,3, using equation (1).

PWL = 618000 x {tp 11000)1.865, where tp = 9.525 mm

,'. PWL = 618000 x (9.525 11000)1865 = 105 kN

Note that the above calculation allows for the support conditions of the metal plate, This is
because. in the analysis work, the variation between each of the support conditions has been
compared, and the weighted average for each of the four plate thicknesses analysed has been

entered into equation (1).

3. Obtain values of the required modification factors f

Refer to Section 3.4 equations (2) to (4)

0
i) Plate span fspan = 1.3574 x (8/1 000)-16761 {2)

For 8 = 1000 mm,
fspan = 1,3574 X {1 000/1 000)-1.6761 \

:. B};!f~f~~~

..ii) Plate rise frise = 8.373 x R./1000 + 0.362 (3)

For Rx = 76.2 mm,
frise = 8.373 x 76.2/1000 + 0.362

iii) Fill depth ffill = d,/1000 + 0.65 (4)

C'\ For d, = 450 mm,
~' ffill = 450/1000 + 0.65

:. idi'~\~:&~Q

iv) Plate stiffening effect

.The metal plate is connected to its adjoining plates with riveted splice plates.
t

Therefore, by reference to the Table in Section 3.4, the stiffening type is Type 83.

cC,
"I' :. f$ilit51..40
t!
;
; v) Position of Plate

The factor for an internal plate is 1.00.

, ~"' 100., IpO$7"'."
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4. Obtain the actual wheel loading assessment W

Refer to Section 3.5 equation (5)

Wu = 0.9 x PWL x fspan x frise X ffill x fstiffX fpos (5)

:. Wu = 0.9 x 105 x 1.36 x 1.00 x 1.10 x 1.40 x 1.00

:. W u = 198 kN

Since this value is an ultimate (factored) wheel load, it is necessary to adjust this value by dividing the
load by the appropriate partial safety factors, Ym, YFI and YF3'
In this case, for wrought iron Ym = 1.20. Also YA = 1.5, and YF3 = 1.1.

The actual allowable wheel loading that can be applied is given by:

0
Wa = 198/( 1.20 x 1.5 x 1.1)

.'. W = 100 kN Plate has a capacity of 40 tonne ALL

\

,

0

;

I
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