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Structure ; BE3/73 Assessment Date ;
Rowe Bridge GNQ4/14 February 2000

BE3/73 PRINCIPLE

This report should be read in conjunction with the BD21/97 Assessment and Inspection Report
which provides detaiis relating to the current condition of the structure.

The following BE3/73 assessment has been undertaken using the principles given in Approval in
Principle signed by || o~ 8 February 2000.

The main principles adopted are as follows :-

1. Only those elements of the structure which have failed to achieve a 40 tonne Assessment
Live Loading capacity to BD21/97 have been re-assessed to BE3/73.

N

. No computer analysis has been undertaken, only simple analysis methods have been used.

. No pedestrian live loads or accidental wheel loads were required to be applied to the verges.

|93

4. A Category 1 assessment check has been undertaken.

Doc Ref: GNQ4/14.AssRep 1
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Structure ; BE3/73 Assessment Date ;
Rowe Bridge GNQ4/14 February 2000

BE3/73 RESULTS

The following elements were assessed using BE3/73 and the results are shown below :-

Internal Beams :  Bending under Dead lL.oad & Live Load Bending at midspan - PASS
(24 ton vehicle) Bending at % span - FAIL {101)
Max. shear - PASS

Edge Beams : Bending under Dead Load Alone Bending at midspan - PASS
Bending at % span - PASS
Max. shear - PASS

Substructure : The substructure is in very poor condition. A qualitative assessment would
indicate that the substructure is capable of supporting the reduced
assessment live loading transmitted from the superstructure.

BE3/73 FAIL (10 tons)*

* [ails due to significant corrosion and loss of section to bottom flanges of beams. In
addition, the substructure is in very poor condition.

BE3/73 Assessment Calculations are contained in Appendix B

Doc Ref: GNQ4/14.AssRep 2
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" FORMAA (BRIDGES)

APPROVAL IN PRINCIPLE FOR ASSESSMENT

(® Babtie

STRUCTURE / LINE NAME

ELR / STRUCTURE No.

BRIEF DESCRIPTION OF EXISTING BRIDGE :
{a) Span Arrangement

(b} Superstructure Type

(c) Substructure Type

() Details of any Special Features

ASSESSMENT CRITERIA

{a) Loadings and Speed

{b) Codes 1o be used
(c) Proposed Method of Structural Analysis
{d) Details of any Special Requirements

Rowe
Dismantled Whitchurch to Welshpool Line

GNQ4/14

Single 8.740m clear span, 29° skew.
Steel beams with concrete jack arches
Brick abutments and wingwalls.

None

Assessment lpading to BE3/73. Speed 60mph.

BE3/73
BS163: Part 3B

Hand calculations for individual beams using the
distribution curves of BE3/73. Loss of section to the
beams will be taken into account in the analysis.

None.

STRUCTURAL ASSESSMENT ENGINEER'S COMMENTS

Superstructure

There is severe corrosion and significant loss of section to the steel beams, particularly to the bottom
flanges. The general condition of the beams can be described as poor and this section loss will be taken

into account in the assessment.

There is loose and friable concrete to the outermost jack arches, with efflorescence and spalling evident,

The inner jack arches are generally in fair condition.

Substruciure

The wingwalls and abutments are in poor condition with mortar loss, missing brickwork and spalling noted.
There is evidence of bulging to the wingwalls and abutments and cracking has been identified to the

abutments.

(D



° FORM AA {BRIDGES)

® Babtie

APPROVAL IN PRINCIPLE FOR ASSESSMENT

CIVIL ENGINEER'S COMMENTS

BRB WORKS GROUP COMMENTS - If applicable

PROPOSED CATEGORY FOR INDEPENDENT CHECK :
SUPERSTRUCTURE Category 1
(Hand calculations for individual beams)
Qualitative Assessment
(Jack Arches)

SUBSTRUCTURE Qualitative Assessment

CATEGORY 1

THE ABOVE ASSESSMENT, WITH AMENDMENTS SHOWN, IS APPROVED iN PRINCIPLE :

SIGNED.- ..................

......................................................

@
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APPENDIX B

Assessment and Check Calculations
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FORM BA (BRIDGES) )
~- - @ Babtie

CERTIFICATE FOR ASSESSMENT CHECK

STRUCTURE / LINE NAME Rowe _ CATEGORY OF CHECK 1
ELR / STRUCTURE No. GNQ4/14

: | certify that reasonable professional skill and care have been used in the assessment of the above
- structure with a view to securing that:

(1) It has been assessed in accordance with the Approval in Principle as recorded on Form AA signed by

: - John Clarke on 8 February 2000.

q .

‘ (2) !t has been checked for compliance with the following British Standards, Codes of Practice, BR
":; Technical notes and Assessment standards:-

: Il

5 ? BE3/73

: BS153 : Part 3B

1

CATEGORY 1

. NAME SIGNATURE

} (ASSESSORI 22-0Z7290. (©ATE

(ASSESSMENT _
CHECKER) 2270200  paTh

{TECHNICAL DIRECTOR

BABTIE GROUP} 25’02’9-9 (DATE)
- CATEGORY 2
[
i (a) ASSESSMENT
e NAME SIGNATURE
|
O PPV USRI PORPRPN (ASSESSOR)  eevcvrcreereeerenes (DATE)
TS (TECHNICAL DIRECTOR
BABTIE GROUP) i, (DATE)
(b) CHECK
. NAME SIGNATURE
.............................................................. v (ASSESSMENT
’m CHECKERY e (DATE)
.............................................................................. {TECHNICAL DIRECTOR
o BABTIE GRCGUPY (DATE)

M




FORM BAA (BRIDGES) ™ Babti
3 babtie

CERTIFICATE FOR ASSESSMENT CHECK

NOTIFICATION OF ASSESSMENT CHECK

STRUCTURE NAME Rowe, Dismantled Whitchurch to Welshpool Line

ELR / STRUCTURE No. GNQ4/14

The above bridge has been assessed and checked in accordance with the Standards which are listed on
the appended Form BA. A summary of the results of the assessment in terms of capacity and restrictions
is as follows :

STATEMENT OF CAPACITY
10 tons

Critical member Internal beams

RECOMMENDED LOADING RESTRICTIONS

10 tons

DESCRIPTION OF STRUCTURAL DEFICIENCIES AND RECOMMENDED STRENGTHENING

The limiting structural elements of the bridge are the internal steel beams which have a limiting
assessment capacity of 10 tons at % span location where there is significant corrosion and loss of section.
it is not considered that other methods of analysis could be adopted to provide an improved result.

The edge beams were found to be adequate for dead loading alone. The edge beams did not require to be
examined to BE3/73 since the position of the nearside wheels in the vehicle train was such that an internal
bearn was present between the wheels and the edge beam,

The structure is generally in poor/fair condition and it is recommended that minor remedial works are
carried out on the superstructure and the substructure as a matter of urgency.

Propping of the beams would provide an interim solution for increasing the bridge capacity. However, in
the long term, replacement of the deck should be considered. Due to the poor condition of the
substructure some remedial/reconstruction werk may be required to ensure that the substructure was
capable of carrying any new deck.

In order to avoid the cost of constructing a replacement deck, in addition to carrying out extensive remedial
works to the substructure, it is recommended that consideration be given to removing the structure. In
order to maintain vehicular access over the disused railway the deck could be removed and the ‘gap’ filled
to match the profile of the existing embankment behind each abutment allowing the continuation of the
roadway. However, an investigation would be required to determine whether or not access under the
bridge has to maintained. Alternatively, the entire structure and approach embankments could be removed
and a new carriageway placed closer to the level of the surrounding land. Removal of the deck would also
remove any future maintenance liability.

Assessment Engineer

Civil Engineer
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1.1

1.2
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1.4

General Description and Structural Details

Location

The bridge carries the road from Hampton Bank to Breaden Heath
over a dismantled railway line. It is situated east of Ellesmere just
north of Balmer Heath.

The Ordnance Survey National Grid Reference of the structure (to
the nearest 100m) is SJ 450 357.

Construction

The bridge has a single span, with the deck consisting of 8 simply
supported steel beams and transversely spanning intermediate
concrete jack arches. The steel beams are seated on sandstone
masonry coping stones, with no bearing evident. The abutments,
wingwalls, and pilasters are all constructed in brickwork with a
sandstone coping. However the sandstone coping on the east
side of the bridge has been removed. The parapets are of a timber
construction.

The clear skew span is 8.74 and the angle of skew is 29.9°. The
width of the deck is 8.20m and the carriageway is 2.9m wide.

Statutory Undertakers

No evidence to indicate the presence of statutory undertakers
equipment was found on site during the inspection.

Should however intrusive investigations or site work be considered
information to confirm or otherwise the presence of statutory
undertakers equipment should be sought from the relevant bodies.

General

A fence line to the east side of the bridge, between the North and
South wingwalls, with a gate access point has been erected by the
farmer to contain cattle.

The bridge is situated on a straight section of road at the brow of
an embankment formed to traverse over the railway without the
need of a level crossing. The gradient of the road over the bridge is
such that the sight distances either side of the bridge are
restricted.

The area beneath the bridge is largely free of obstruction apart
from some vegetation growth.

The assessment records made available for review all date prior to
1959, additional information from 1959 to date has not been
forthcoming.

The railway under the bridge has been dismantled, this was
probably a consequence of the Beeching Report in the 1960's.
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Condition Report

General

The structure was inspected as closely as possible with most elements being
examined within arms length. Access to the deck soffit was obtained by means
of a scaffold tower.

The bridge inspection was carried out by M G Walsh and B Schlebusch on 28
June 1999. The weather at the time of the inspection was dry and sunny with
little cloud cover and a slight breeze.

Measurements were taken around the bridge as required to record corrosion
evident in individual members. Principal dimensions critical to the assessment
were also recorded to confirm information on previous survey drawings.

The top flange and web of the steel beams couid not be inspected or measured
since only the bottom flange of the beam is visible. A thorough visual inspection
was nonetheless carried out on all the exposed parts of the structure and both the
girders and jack arches were subjected to a hammer survey to assess their
structural integrity.

No material testing has been carried out at this stage.

Main Girders
Beams are numbered 1 1o 8 starting from the west side.

The longitudinally spanning steel beams have been recorded to be 450mm deep x
170mm wide. Reference to the BCSA Historic Steelwork Handbook gives a best
match to a 17.72” x 6.69" x 77.46!bs/ft beam rolled in France by Longwy about
1900. Originally the 14° tapered flange thickness would be 24.33mm with a web

of 16.2mm thick.

The bottom flanges of the beams show a consistent 3%° anticlockwise rotation
when looking north in the direction of the span. It is considered that this rotation
is probably long standing and may have occurred during construction.

The beams have all been repainted, directly over the old paint system, however
the paint has broken down and rust is occurring beneath. Corrosion is worse at
the north quarter point of the span, this being over the single-track line indicated
on previous survey drawings. It is considered likely that this is due to the effects
of steam from trains passing under the bridge during the single lines operating
life. The corrosion evident at this quarter point is extensive with delamination of
the steel member evident. This indicates that the corrosion has been long
standing, and progressively the integrity of the beams is deteriorating.

Currently a maximum loss of section up to 45mm has been recorded in the flange
width together with a loss up to 17mm in the flange thickness over a length of
1.2m in the north guarter span area.
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Beams 1 and 8 (External Beams)

The general condition of the beams can be described as fair to poor. The beams
are severely corroded at the north guarter point over a length of 1.0m with a
reduction in the flange width from 170mm to 147mm. The flange thickness has
been reduced in places to 3mm on the inner side and 6mm on the exposed side
on the bridge. At beam 8 it is possible due to missing concrete to assess the web
thickness, which was measured at approximately 11mm.

Beams 2-7 (Internal Beamns)

The overall condition of the beams can be described as fair to poor. However the
edges of the bottom flange show evidence of corrosion resulting in a minor loss
of section over the whole length of the beams. Severe loss of section occurs
locally at the northern quarter point, over a 1.2m length, to vield a flange width of
125mm and a thickness of 10mm. Moisture has also leached through the outer
jack arches and is building up on the edges of beams 2 and 7.

Jack Arches

The concrete jack arches have a span of 902mm with an average rise at the
crown of 140mm.

From the visual inspection the exposed surface appears to contain pebble like
aggregate suggesting that it is a sea dredged or river bed aggregate. Leaching is
very prominent all over the deck soffit, suggesting that leaching action within the
concrete jack arches is taking place. This is considered to be due to carbon
dioxide in the water dissolving calcium in the cement mix and extracting it to the
surface. The calcium deposits formed at the surface, stalactites, are particularly
prominent around the bottom of the arch and on the steel sections where the
moisture will condense more readily.

Archs 1 and 7 (Outer Bays)

These two arches both sound hollow when struck with a hammer indicating
partial debonding of the concrete. There is extensive spalling to a depth of 5mm
on approx. 40% of these arches. The concrete has been softened due to the
passage of water leaching out the lime from the cement mix and is in a state that
it is relatively easy to extract throughout the arch with hand tools. At the void in
the east outer arch it is possible to pick the concrete out by hand, although
undisturbed the concrete doe not pose a hazard.

The severity in condition of the outer arches is attributed to rainwater running off
the road and penetrating the verge, resulting in this accelerated deterioration.

Archs 2 -6 (Inner Bays)

These jack arches are in better condition than the outer bays and gave ofi a "solid
ring’ when struck with a hammer. There is a slight loss of section due to leaching
effects resulting in an exposed aggregate finish. There is extensive sooting to
these inner arches, except in the area directly above the old line.
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2.4 Abutments

The abutments are generally heavily weathered with spalling evident randomly
over approximately 60% of the surface area. Due to the high skew angle of the
bridge, the weathering effects are more prominent in the exposed areas due to
the erosion of the soot deposits.

The abutments are bulging at mid-height, suggesting movement behind the
abutment walis.

The abutments have been repointed with a cement based mortar to a depth
between 15 and 20mm. The mortar behind this is clearly a lime mortar, which
with the fullness of time has softened, resulting in mortar loss. This is likely to
have led to the initial repointing work. However in exposed areas it is possible to
see that the original mortar is still being washed out with voids forming behind the
newer cement based mortar.

Moisture trapped within the abutments due to the cement based repointing work
may contribute to the spalling effects through freeze-thaw action. As the depth of
spalling is generally 20mm, the same depth to which repointing work was carried
out this is considered to be a fair assumption.

Although spalling has not occurred all over the bridge it was noted that most of
the brickwork surfaces sounded hollow when struck with a hammer indicating
that separation of the surface layers may be taking place.

The high skew angle of the bridge has introduced high stresses at the acute
corners of the bridge. A result of this is that vertical cracks have formed from the
coping stone to ground level, effectively separating the outer beam support from
the main part of the abutment structure. This is likely to have a significant effect
of the load bearing capacity of the bridge.

Behind the abutments the fill appears to be a sandy material, and hence guite
pervious. This is thought to be the principal reason that a majority of the
abutment wall has been affected with dampness showing through most of the
abutment faces. If any filter drain had been present behind the abutment wall it is
likely that the fine sand particles have now clogged the drain, preventing it from
functioning.

North Abutment

At the west corner of the abutment an area of local damage, which appears to be
long standing, has occurred. From the size (1.4m high x 1 brick deep) and location
{0.5m-1.9m from ground level) it is likely to have occurred due to vehicle impact,
possibly from a trailer.

At the top comer of the east side a section of brickwork has debonded (1m x 1mj.
This section completely supports the outer beam, giving the impression of a local
shear/compression failure due to deterioration of the mortar joints.

Immediately below the coping, approximately on the centreline a section of
brickwork has spalled away leaving a 200mm deep x 1200mm long x 300mm high
recess in the wall. The coping stone, although incomplets, is likely to be under
additional stresses due to its now cantilevered state.
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South Abutment

Bricks are missing from a section approximately 2m high beneath the east corner.
Also in the same corner a vertical crack extends the full height of the abutment.

Wingwalls
North West

This wingwall is in a poor condition. There are vertical and diagonal cracks from
the top to the bottom of the wall and severe spalling and mortar loss visible. The
majority of the wall sounds hollow when tapped, and vegetation is growing
through the wall in places. The pilaster at the end of the wingwall has been
extensively damaged, with the top 500mm being rotated and with many of the
facing bricks missing. The coping stones are not seated properly.

North East

This wingwall is in a poor condition. There are cracks throughout the brickwork
and severe spalling. The majority of the wall sounds hollow when tapped.
Vegetation is growing through the wall in a number of locations. The coping
stones are no longer present on the wall, and are not visible on site.

South West

This wingwall is in a very poor condition. There is severe brick and mortar loss.
The majority of the wall sounds hollow when tapped. [t is probable that the blue
bricks present were part of a previous repair as there are more here than
elsewhere in the structure.

South East

This wingwall is in very poor condition, and sound hollow when tapped. There is a
significant spalling and mortar loss is visible, with the end pilaster in a state of
partial collapse. The coping stones are not located on the wall, nor are they visible
anywhere on site.

Parapets

The parapets are of a timber construction, between two brickwork pilasters, at %
points additional fixing to the steel beams has been provided. The construction is
itself in generally good condition, however in the event of a vehicular impact the
parapets are uniikely to provide an adequate containment capacity.

West Parapet

The west parapet appears to be in good condition, with the timber treatment still
in good colour although it is beginning to fade.

East Parapet

The east parapet appears to be in good condition, however the timber treatment
is faded.
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2.7 Road Surface

The bridge road surfacing is worn with loose stone in places. The vertical
alignment of the bridge suggests that visibility is not good, and given the
allowable traffic speed, 60mph, heavy braking may often be required, thus
accounting for the surface wear,

The longitudinal profile of the bridge may also encourage axle lift off for multi-axte
configurations.

Settlement of the fill either side of the bridge is evident with an abrupt change in
level locally, and at the southern side of the bridge a transverse crack in the road
surfacing is evident.

2.8 Old Railway Formation

The western side of the bridge between the abutments was fenced off to stop
livestock from walking through.

The ground is sodden underfoot in places around the bridge, suggesting that the
soil is fairly impervious or that the water table is quite high, as recent rainfall had
been minimal.



Assessment and Inspection Report
Rowe GNQ4/14

b

Summary of Condition and Recommendations
Summary of Condition

The overall condition of the bridge can be described as poor, with the worst
affected parts being the steel beams and the brickwork. The load bearing part of
the structure (deck and abutments) shows no sign of subsidence, however
deformation is noted in the abutments.

The visible parts of the beams are generally in a fair condition however the bottom
flanges are corroded resulting in a loss of section for the member, particularly
over a 1.2m length at the quarter point of the bridge where significant loss of
section is noted.

The outer jack arches are in a particularly poor condition, with efflorescence and
loss of section evident. The concrete in the outer arches is assumed to be
weaker due to the ease in removing sections with hand tools. The internal jack
arches (2 - ) are generally in better condition, although they did exhibit severe
efflorescence.

The abutments have evidence of movement, spalling, leaching and cracking
underneath the coping stones. They are in poor condition.

The wingwalls are in very poor condition. There is evidence of movement,
significant cracking, severe spalling and mortar loss. The walls have a fair amount
of vegetation growing through them which will have an adverse effect of the
stability of the walls.
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3.2 Recommendations

In accordance with BD 21/97 and based on the approved form the "Approval In
Principle” the bridge has a live load capacity of 3 tonnes.

It is considered that the structure has reached the end of its serviceable life and is
now approaching a state where its continued use will expose users to a potential
hazard.

To correct the faults of the wingwalls and abutments major construction work is
needed. It is considered that in order to remedy the deteriorated state of the
walls fuli reconstruction would be required.

The short term solution would be to prop the bridge deck and abutments with an
appropriate system providing that it can be shown that the former will provide an
acceptable load carrying capacity.

However it should be noted that the bridge is used by the farm to gain access
between fields, the legal position should be considered with regard to any
solution that may restrict access.

The parapet needs to be upgraded to provide a system capably of withstanding
vehicular impact. This may be achieved with a safety barrier erected in the verge.

Alternative long term solutions would be:

e Fill the bridge in, remove deck and in-fill with engineered fill to
road formation level followed by road construction.

or

e as the sole purpose of the embankment is to enable vehicles to
cross the bridge over the dismantled railway consider the removal
of the bridge and the embankment.

A cost analysis study of any work can be carried out to indicate the most
economic and viable solution, together with long term benefits.

Given the severity of the bridge's condition it is recommended that the design and
reconstruction works should be implemented as a matter of urgency.
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Photograph 5
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Photograph 7
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Appendix A - Schedule Of Photographs

All photcgraphs are landscape format, except where indicated with an *, these
are portra:t format and should be viewed from the right.

Photograc” Description

Na.
1 East elevation {Front cover)
2 North-east wing wall
3 Top of nortn abutment, east side
4 North abutment, west side
5 South abutment
6 Savere spalling to norty abutment under coping stone
7 View south on jack arches
8 Elavation on severe corrosion evident cn an internal beam
9 Plan view on severe corrosion o a typical internal beam, white staining in
the concrete due 10 leaching apparent
10 Rotation in the steel beams dentified using level as reference
11 Timber parapets with brick pilasters either end of bridge’

12 View north over bridge
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FORM AA (BRIDGES)

APPROVAL IN PRINCIPLE FOR ASSESSMENT

STRUCTURE/LINE NAME Rowe
Dismantled Whitchurch to Welshpool Line
ELR/STRUCTURE No. GNQ4/14

BRIEF DESCRIPTION OF EXISTING BRIDGE:

al Span Arrangement 1 No 8.740 m clear span, 29° skew
_b)  Superstructure Type Steel Beams with concrete jack arches.
c) Substructure Type Brick abutments and wing walls
d) Detail of any Special None
Features
ASSESSMENT CRITERIA:
a) Loading and Speed Assessment loading to BD 21/97 Speed 60 mph
b) Codes to be used BA 16/97 Assessment of Highway Bridges
{inc. amendmentNo 1) gnd Structures
BA 61/96 Assessment of Composite Highway
Bridges and Structures)
BD 21/97 Assessment of Highway Bridges and
{inc. amendment No 1} Structures
BD 61/96 Assessment of Composite Highway
Bridges and Structures
¢} Proposed Method of Hand calculations for individual beams with no
Structural Analysis allowance made for transverse Distribution.
d) Details of Special None

Requirements

STRUCTURAL ASSESSMENT ENGINEER’S COMMENTS

Superstructure

Arches 1 and 7 (outer Bays) are in particularly poor condition as they sound hollow
throughout and the concrete is loose and friable. There is on average 16-mm of
concrete loss and the remaining concrete is soft. Both spalling and efflorescent are
severe. Arches 2-6 (Inner Bays) are generally in a fair condition and give a solid ring
when tapped. Efflorescence is still prominent throughout the arches.

The edges of the bottom flange of the girders have signs of severe corrosion at the
north quarter point with a maximum of 45mm loss to the width of the flange and
17rmm from the flange thickness, yielding a 3mm thick flange. This corrosion loss
will be taken into account in the analysis. The general condition of the girders can be
described as poor.

The parapets are of a timber construction and hence fall outside the scope of any
assessment guidelines, as such a gualitative assessment was carried out. It is
recognised that in the event of an errant vehicle on the bridge the containment

capabitity of the bridge is likely to be insufficient.

Appendix B



FORM AA {BRIDGES)

APPROVAL IN PRINCIPLE FOR ASSESSMENT

Substructure

The wing walls are in poor condition. There is severe spalling and mortar loss visible.
There is also evidence of bulging in the walls.

The abutments are in particularly poor condition with a great deal spalling evident
throughout, often with whole bricks missing. Severe cracking has been identified at
the four corners of the bridge. Much of the deterioration in the abutments may be
attributed to the leaching action taking place in the mortar, which is likely to have the
most significant effect on the capacity of the abutments. Movement within the
abutment walls is evident with bulging at mid height particularly clear.

The poor condition of the abutments indicates that they are unlikely to be capable of
carrying the full assessment live loading.

A Euﬂuﬁ? comw shalics wgumuu G (OhseValine
ihrdawad A f
FU‘E:I.M gs Mm., e M‘,‘W \ope s I o e duitoue.

BRB WORKS GROUP COMMENTS - if applicable

PROPOSED CATEGORY FOR INDEPENDENT CHECK:

SUPERSTRUCTURE Category 1
(Hand calculations for individual beams)
Qualitative Assessment
{Jack Arches)

SUBSTRUCTURE {Qualitative Assessment)

CATEGORY 1

THE ABOVE ASSESSMENT, WITH AMENDMENTS SHOWN, IS APPROVED IN

PRINCIPLE:
SIGNED _

St Civit E

TITLE S

e 147 Seplombe 1995

............................
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FORM AA/1 (BRIDGES)

APPROVAL IN PRINCIPLE FOR ASSESSMENT

ADDITIONAL INFORMATION REQUIRED FOR BRB OWNED PUBLIC ROAD
OVER BRIDGE ASSESSMENT AS PART OF BRIDGE GUARD Iil.

STRUCTURE/LINE NAME Rowe, Unclassified
ELR/STRUCTURE No. GNQ4/14
SCOPE OF ASSESSMENT Quantitative assessment of beams.

Qualitative assessment of jack arches.
Qualitative assessment of abutments
and wing walls.

ASSESSMENT CRITERIA
a)  Standards and Codes of Practice to be used in assessment:
BA 16/97 Assessment of Highway Bridges and Structures
{inc. amendment No 1)
BA 61/96 Assessment of Composite Highway Bridges and Structures
BD 21/97 (inc. Assessment of Highway Bridges and Structures
amendment No 1}
BD 61/96 Assessment of Composite Highway Bridges and Structures

b)  Proposed method of structural analysis:
Hand calculations for individual beams with no allowance made for transverse
distribution. Loss of section will be considered in the analysis.

¢)  Planned Highway works/modification at this site:
None known

dl  Road designation/class and whether classed as Heavy Load Route:
Unclassified - not a Department Heavy Load Route

e)  Any other requirement:
None

The above is agreed subject to the amendments and comm
SIGNED

TITLE

DATE oo, e /" fsa.

For and on behalf of Shropshire County Council

iif Appendix B
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1. INTRODUCTION
INTRODUCTION

This bridge, referenced GNQ4/14 is a single span jack arch bridge carrying an unclassified road over a
disused railway line.

The Ordnance Survey National Grid Reference for the bridge is SJ 450 357

Calculations for the analysis of the Jack Arch beam are to be performed using a system developed
through the TEDDS v4.0 system. '

The assessment will be carried out in accordance with BD21/97.

The steel beams are in particularly poor condition and hence the section properties have been
reduced to represent measured section properties on site. -

Geometry

(D)
L)
1~

The bridge is made up from 8 steel beams with jack arches formed in concrete between them.

Clear distance between abutments is; Seear = 8.740m
Depth of steel section; Dp = 432.8 mm
Span to be used in calculations; S = (Dp x 2/3)% Sciear = 9.029 m
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2, SUMMARY OF RESULTS

Moment capacities for internal and external beams:
SEVERELY CORRODED INTERNAL BEAM

Moment capacity, MpiNTe = 250.209 kNm
Shear Capacity; VpINTe = 493.299 kN
GENERAL INTERNAL BEAM

Moment capacity, MpiNTg = 361.000 kNm
Shear Capacity; VpINTg = 509.598 kN
SEVERELY CORRODED EXTERNAL BEAM

Moment capacity; MpEXT: = 215.420 KNm
Shear Capacity; VoEXTc = 490,792 kN
GENERAL EXTERNAL BEAM

Moment capacity; MpEXTg = 322,127 kNm
Shear Capacity; VpEXTg = 502.759 kN

Effects on internal and external heams:
INTERNAL BEAM DUE TO HA(UDL & KEL) LOADING

Maximum Moment; Mmax = 697.251 kNm
Moment at quarter span,; QMmax = 522.938 kNm
Maximum Shear; Vinax = 321115 kN
Shear at quarter span; VQmax = 177.510 kN
EXTERNAL BEAM DUE TO HA(UDL & KEL} LOADING

Maximum Moment; Mmax* = 574.907 kNm
Moment at quarter span; QMpaxX = 431.180 kNm
Maximum Shear; Vinaxs = 270.303 kN
Shear at quarter span; VQpaX = 152.103 kN

This resuits in a lower bound limiting capacity factor of 0.256, i.e. 3 tonnes loading + Group 2
Fire Engines.

INTERNAL BEAM DUE TO HA (SINGLE WHEEL) LOADING ( 3T + G2FE )

Maximum Moment; SWMpax = 316.561 kNm
Moment at quarter span; SWQMnax = 237.420 kNm
Maximum Shear; SWV ey = 140.249 kN
INTERNAL BEAM DUE TO HA (SINGLE AXLE) LOADING ( 3T + G2FE )
Maximum Moment; SAMmax = 340.933 kNm
Moment at quarter span; SAQMmax = 255.700 kNm
Maximum Shear; SAVmax = 151.047 kN
INTERNAL BEAM DUE TO HA (SINGLE AXLE) LOADING ( 3T)

Maximum Moment; SAMma3 = 317.709 kNm
Moment at quarter span; SAQMma3 = 238.282 kNm
Maximum Shear; SAV a3 = 140.758 kN

The effects calculated for the single wheel and single axle cases have resulted in a reduction
in capacity from 3 tonnes + Group 2 fire engines to 3 tonnes.

The qualitative assessment for the jack arches, abutments and foundations identified no area
that would warrant reducing the capacity of the bridge further.

THE CAPACITY OF THE BRIDGE STRUCTURE IS 3 TONNES.




-3

)

- “Project Jab» Ref,
m Babtle Rail Property / Shropshire CC Bridge Assessments 031417
2 St George's House, Part of Structure Sheet fiojrev.
Vernon Gate, Rowe Bridge GNQ4/14 - Jack Arch Bridge GNQ4/144 A
Derby, DE1 1UQ. Cale, by Date hek'd Date Appd by Date
Tel: 01332 285100 - Fax; 01332 285101 - 06/09/99 ﬁ tz.\ “ \‘-ﬁ
Ref. Calculations Qutput

3. BEAMCAPACITIES

3.1. Internal Beam Capacity at Critical Section
SEVERELY CORRODED SECTION PROPERTIES

To start the beam will be assessed using the critical section properties, following this the bridge will be
looked at with the variance in properties along its length, particularly as the mid section of the beam
has been subject to very minor corrosion. This consideration may improve to bridge capacity due to
additional moment capacity obtained by doing this.

The section dimensions have been obtained from site measurement and previous assessment
records.

INPUT

Web of section

; Ti= 103 mm

B d'f = 400.8 mm
Top flange of section

X T,= 222 mm

: dz = 169.9 mm
Bottom flange of section
; T;= 9.8mm

; dz= 125 mm

: CALCULATION OF SECTION PROPERTIES:

AREA;
A =91.25cm’

2" Moment of Area
Lo = 24308 cm?; 1y = 1070 cm*; 1o = 24308 cn®; Iy, = 1070 em®

di f Gyrati
fw=163.2mm; ry=343mm; re=163.2mm; ry =343 mm
Plastic Section Modulus
So=1305440 mm®; Sy, =209120 mm’

Distance to Combined Centroid

Xe=0.0mm; Ye=59.9mm;

Distance to Equal Axis Area {only shapes with all rectangles at 90 degs)
Xp=0.0mm; Yp =123.7 mm

Elasti ction Modulus

Zw = 900090 mm*; Zyy = 126010 mm’

Vertical Distance from the extreme tensile fibre to the neutral axis
NApar = dif2+T3+Ye = 270.10 mm

Vertical Distance from the extreme tensile fibre to the equal area axis.
EAwar = di/2+T3+Yp = 333.90 mm
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SECTION CAPACITY OF SEVERELY CORRODED BEAM.
The section capacity will be assessed based on the guidelines within BAS56/96, BD21/97, and

BD56/96.

As no information is available to provide a definite yield strength of the steel, a characteristic will be
assumed as defined in BD21/97 for steei produced before 1955.

f, = 230 N/mm?
SECTION CLASSIFICATION: . BD56/97 9.3.7

BD56/97: ¢l. 9.3.7.2: Webs.
The depth between the elastic neutral axis of the section and the compressive edge of the web should

not exceed: 28z, fﬁ
G yw

where: t, is the thickness of the web plate
Gy IS the nominal yield stress of the web material.
28xTyxV(365/f) = 358.299 mm
Where the depth between the elastic neutral axis of the section and the compressive edge of the web
is:
d1 + T3 - NAxbar = 140-500 mm

Section "passes” ¢l. 9.3.7.2 check.

BD56/97: cl. 9.3.7.3: Compression Flanges.

The projection of the compression flange outstand, by, should not exceed:

e, [
Gy

where: t is the compression flange thickness
oy is the nominal yield siress of the web material.

7xT,xV(355/f) = 193.064 mm

Where the projection of the compression flange outstand is:

(dz-Tq)/2 = 79.800 mm

Section "passes"” cl. 9.3.7.3 check.

As the section passes both the checks the section may be described as compact.
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SLENDERNESS: BD56/97 cl.9.7

BD56/97: ¢i.9.7.1: Uniform |, channel, tee or angle sections.

{
Ay = kv
r)’
he = Effective length determined in accordance with 9.6.1

i.e As the beam is effectively restrained by the concrete, it is classed as stable
against lateral torsional buckling the effective length is zero. Therefore:

AT = 0.00

LIMITING COMPRESSIVE STRESS: BD56/97 cl. 9.8
BD56/97: cl. 9.8.1: General.

The value of o / oy should be obtained from figure 10 according to the value of:

Iy
355
where: Gye = Nominal yield stress of the web material.
As At is zero then using figure 10 oy / oy yields 1.0, hence o; = oy = §, =230 N/mm?
BD56/97: cl. 9.8.1: Compact sections. -
The limiting compressive stress, o, should be taken as ay.

G = o = 230 N/mm?

BEAMS WITHOUT LONGITUDINAL STIFFENERS: BD56/97 cl. 9.9
BD56/97: cl. 9.9.1: Bending resistance.
BD56/97: ¢1.9.9.1.2: Compact sections.

The bending resistance, Mp, of a compact section should be taken as:

M . Z peaic
p = ——
Vi yf3

where: Zoe = Plastic modulus of the section.

Cle = Limiting compressive stress.

¥m = Partial safety factor for the material .

From Table 2, yn = 1.2

Y3 = 1.1, But not used as incorporated into loading.

Mp = ((Sxx <o)/ (¥m)) = 250.208 kNm

The moment capacity of the section is 250.209 kNm
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BD56/97: cl. 9.9.2: Shear resistance.
BD56/97: cl. 9.9.2.2: Shear resistance under pure shear.

The shear resistance, Vo, of a web panel under pure shear should be taken as:

}’m ny
Where: tw = Thickness of the web
dw = The overall depth of a rolled section
bin = The height of the largest hole or cut out being considered
hy =0 mm
Ym = Partial safety factor for the material .
FromTable 2, yn=1.2
Y3 1.1, But not used as incorporated into loading.

HoHE

T
See notes below.

The limiting shear strength, 7, is given by:

Limiting shear strength of the web panel.

T o2 G (O
y t, V355
where: dye = Depth of section between the flange plates
tw = Thickness of the web
Cyw = Nominal yield stress of the web material
A = (dy/Ty)xv(f/355) = 31.321

Interpolation from one of figures 11 to 17 is dependant on a number of other factors, however as A is

less than 50, v/ 1, =1.00

Where: =132.791 N/mm?

— o--"“’ .
T, = f
Hence; 1 = 1, = 132.791 N/mm’
Shear Capacity, Vp:

Vo = ((Tax((di+Ta+T3)-hp) )/ (ym))xT = 493.299 kN

RECAP OF CAPACITIES OF A SEVERELY CORRODED INTERNAL BEAM

Moment capacity; MpINT. - Mp = 250.209 kNm
Shear Capacity; VINTe = Vp = 493.299 kN
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3.2. Internal Beam Capacity at General Section
GENERAL BEAM SECTION PROPERTIES

To start the beam will be assessed using the critical section properties, following this the bridge will be:
looked at with the variance in properties along its length, particularly as the mid section of the beam
has been subject to very minor corrosion. This consideration may improve to bridge capacity due to
additional moment capacity obtained by doing this.

The section dimensions have been obtained from site measurement and previous assessment
records.

INPUT

Web of section

; T = 10.3 mm

; dy=  403.9mm
Top flange of section

; Tz= 22.2mm

; d;=  169.9mm
Bottom flange of section
: Tz=  21mm

: da= 150 mm

: CALCULATION OF SECTION PROPERTIES:

AREA;
A=110.82 cm?

2" mMoment of Area
= 36858 cm® ; v = 1502 cm* ; 1« = 36858 cm®; 1y = 1502 cm*

Radius of Gyration

rw=1824mm; r,=36.8mm; r«=1824mm; ry=36.8 mm
Plastic Sectiocn Modulus

S =1883480 mm®; S, = 289040 mm®

Distance to Combined Centroid

Xe=0.0 mm; Yoe=12.1 mm;

Distange to Equal Axis Area (only shapes with all rectangles at 90 degs)
Xp=0.0 mm; Yo =30.2 mm

Elastic Section Modujus

Zo = 1667910 mm®;  Z, = 176760 mn?’

Vertical Distance from the extreme tensile fibre to the neutral axis
NAgar = dif2+T3+Ye = 235.06 mm

Vertical Distance from the extreme tensile fibre to the equal area axis.
EAgpar = dif2+Ta+Y, = 253.15 mm
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SECTION CAPACITY OF GENERAL INTERNAL BEAM.

The section capacity will be assessed based on the guidelines within BAS6/96, BD21/97, and
BD56/96.

As no information is available to provide a definite yield strength of the steel, a characteristic will be
assumed as defined in BD21/97 for steei produced before 1955.

f, = 230 N/mm’
SECTION CLASSIFICATION: ‘ BD56/97 9.3.7

BD56/97: ¢l. 9.3.7.2: Webs.
The depth between the elastic neutral axis of the section and the compressive edge of the web should

not exceed: 28¢t, /?_5_5
O'yw

where: t, is the thickness of the web plate
Oy i the nominal yield stress of the web material.

28 x Ty xV¥(355/f,) = 358.299 mm

Where the depth between the elastic neutrai axis of the section and the compressive edge of the web

18:

dy + Tz - NAwar 189.850 mm

Section "passes” ¢l. 9.3.7.2 check.

BD56/97: cl. 9.3.7.3: Compression Flanges.

The projection of the compression flange outstand, by, should not exceed:

e,
d_vf

where: t;, is the compression flange thickness
oyt is the nominal yield stress of the web material.

7 x Tax N (355/f,) = 183.064 mm
Where the projection of the compression flange outstand is:

(d2-Th)/2 = 79.800 mm

Section "passes” ¢l. 9.3.7.3 check.

As the section passes both the checks the section may be described as compact.
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SLENDERNESS: BD56/97 cl.9.7
BD56/97: c1.9.7.1; Uniform I, channel, tee or angle sections.

I
A =—kpv
r}‘
he = Effective length determined in accordance with 9.6.1

i.e As the beam is effectively restrained by the concrete, it is classed as stable
against lateral torsional buckling the effective length is zero. Therefore:

At = 0.00

LIMITING COMPRESSIVE STRESS:
BD56/97: cl. 9.8.1: General.

The value of g / 6y should be obtained from figure 10 according to the vaiue of:

o
e
AryTic

355

where: Oye = Nominali yield stress of the web material.

BD56/97 cl. 9.8

As X7 Is zero then using figure 10 6/ 6y yields 1.0, henqe o= oy =y = 230 N/mm?

BD56/97: cl. 9.8.1: Compact sections.
The limiting compressive stress, o, should be taken as ;.

G = oI = 230 N/mm?

BEAMS WITHOUT LONGITUDINAL STIFFENERS:
BD56/97: cl. 9.9.1: Bending resistance.
BD56/97: ¢1.9.9.1.2: Bending resistance of Compact sections.

The bending resistance, Mp, of a compact section should be taken as:

where: Zee = Plastic moduius of the section.
O = Limiting compressive stress.

BD56/97 cl. 9.9

Yrm Partial safety factor for the material .
From Table 2, yn, = 1.2
Y3 = 1.1, But not used as incorporated into loading.
Mo = {( (Sxx x O ) ! ('Ym ) = 361.000 KNm

The moment capacity of the section is 361.000 kNm
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BD56/97: cl. 9.9.2: Shear resistance.
BD56/97: cl. 9.9.2.2: Shear resistance under pure shear.
The shear resistance, Vp, of a web panel under pure shear should be taken as:

VD — {tw(dxv - hh)]z.!

}/my_ﬂ

Where: tw = Thickness of the web
dw = The overail depth of a rolled section
hy = The height of the largest hole or cut out being considered
hy =0 mm
Ym = Partial safety factor for the materiat .
From Table 2, ym = 1.2
Y3 1.4, But not used as incorporated into loading.

Limiting shear strength of the web panel.
See notes below.

The limiting shear strength, T, is given by:

T

o gz G [T
T, t, V355
where: e = Depth of section between the flange plates
tw = Thickness of the web
Cyw = Nominal yield stress of the web material
A = (di/Ty)xV(§/385) = 31.564

Interpolation from one of figures 11 to 17 is dependant on a number of other factors, however as A is
less than 50, 7,/ 1, =1.00

O-vw 2
Where: T =— =132.791 N/mm

"5

Hence; 1 = 7, = 132.791 N/mm’

Shear Capacity, Vp:
Vo = ((Tyx((di+Ta+Tg)-hn)}/ (ym)) > = 509,598 kN

RECAP OF CAPACITIES OF A GENERAL INTERNAL BEAM

Moment capacity; MoINT = Mp
Shear Capacity; VeINTg = Vp = 509.598 kN

361.000 kNm
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3.3. External Beam Capacity at Critical Section
CORROD EC PERTIES

To start the beam will be assessed using the critical section properties, following this the bridge will be
jooked at with the variance in properties along its length, particularly as the mid section of the beam
has been subject to very minor corrosion. This consideration may improve to bridge capacity due to
additional moment capacity obtained by doing this.

The section dimensions have been obtained from site measurement and previous assessment
records.

INPUT

Web of section

: T,=  10.3mm

: di= 403.9mm
Top flange of section

; Te= 22.2mm

; do= 169.9 mm
Bottom flange of section
: Ts= 4.5mm

: dy= 147 mm

: CALCULATION OF SECT PRO TIES;.

AREA;

A = 85.93 cm’

2" Moment of Area

I = 20349 cm? ; 1w = 1030 cm* ; Ly = 20349 cm®; I,y = 1030 cm®
Radius of Gyration

fw=153.9mm: ry =346 mm; r«=153.9mm; ry=34.6 mm

Plastic Section lus

S« =1123930 mm®; S,y = 195230 mm’

Distan Combined Centroid

Xe=0.0mm; Ye=T77.8mm;

Distance to Equal Axis Area (only shapes with all rectangles at 90 degs)
Xp=0.0mm; Yo =151.0 mm

Etastic Section Modulus

Zex = 715920 mm® ; Z,, = 121260 mm®

Vertical Di ce from the extreme tensile fibreto the n | axi
NA®war = dif2+Ts+Ye, = 284.25 mm

Vertical Distance from the extreme tensile fibre to the equal area axis.
BEAwar = dif2+T3+Y, = 357.45 mm
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SECTION CAPACITY OF SEVERELY CORRODED EXTERNAL BEAM.

The section capacity will be assessed based on the guidelines within BAS6/98, BD21/97, and
BD56/86.

As no information is available to provide a definite yield strength of the steel, a characteristic will be
assumed as defined in BD21/87 for steel produced before 1855.

f, = 230 N/mm?
SECTION CLASSIFICATION: . ' BD56/97 9.3.7

BD56/97: cl. 9.3.7.2: Webs.
The depth between the elastic neutral axis of the section and the compressive edge of the web should

not exceed: 28t ‘ES-
O-_VW

where: t, is the thickness of the web plate
oy 18 the nominal yield stress of the web material.

28 xTyxV(385/f,) = 358.298 mm
Where the depth between the elastic neutral axis of the section and the compressive edge of the web
is:
di+Ts- NApar = 124.150 mm
' Section "passes" cl. 8.3.7.2 check.
BD56/97: cl. 9.3.7.3: Compression Flanges.

The projection of the compression flange outstand, by, should not exceed:

7rfo 3—53
\’%r

where: 1, is the compression flange thickness
o, is the nominal yield stress of the web material.

7xToxy(355/f,) = 193.064 mm
Where the projection of the compression flange outstand is:

(da-Ty)/2 = 79.800 mm

Section "passes” cl. 8.3.7.3 check.

As the section passes both the checks the section may be described as compact.
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SLENDERNESS: BD56/97 ¢l.9.7
BD56/97: ¢1.9.7.1: Uniform |, channel, tee or angle sections.
le
A =——k,v
w
Ae = Effective length determined in accordance with 9.6.1

i.e As the beam is effectively restrained by the concrete on one side and tie
rods at approximately 2.6m centres the effective length of the section will be
taken as; le = 26m

n = 1 Conservatively

v is obtained from tab-lé 8 using the following parameters

i
Ar =~{‘—’— L and i= L.
' r,\D I, +1,

ks is calculated from the expression in ¢l. 9.7.2 for beams
symmetrical about the minor axis.

- I - '-17
2
4z,.) (1 - “Iij
e

Calculations for v:
Mean thickness of flanges; t = (T, +T3) /2 = 13.4 mm
Overall Depth of Section; D = di+ Ty + T3 = 430.6 mm
Determine Af; Ag = (le/rw)x(%/D) = 2.330 .
Moment of inertia Comp Flange; le = (dax T22)/12 = 16.491 cT‘
Moment of Inertia Tens Flange; I = (dax T5°) /12 = 0.112 cm

i = le/(c+ 1) = 0.993
v = ((Axix(1-)+0.05x(Ae }+(0.8x(2xi-1))2)°5+(0.8x(2xi-1)) °° = 0.756
Calculations for ki:
Dist. Between centroids of flanges; h = D-t = 7.3 mm
Ka = ({4 xZe2 % (1-le) ) (A% x 2} )*28 = 0.624

AT {{le/ry) xKgxnxv) = 35.448
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LIMITING COMPRESSIVE STRESS: BD56/97 cl. 9.8

BD56/97: ¢l. 9.8.1: General.
The value of g; / oy should be obtained from figure 10 according to the value of:

O-.VC
’lLT E
where: Oye = Nominal yield stress of the web material.
O = f, = 230 N/mm?
At x ¥ (oye/ 355 N/mm? ) = 28.533
As this is less than 45 it will be taken that; ‘ Oye = O

BD56/97: cl. 9.8.1: Compact sections.
The limiting compressive stress, o, should be taken as oy.

O = i = 230 N/mm®

BEAMS WITHOUT LONGITUDINAL STIFFENERS: BD56/97 cl. 9.9
BD56/97: cl. 9.9.1: Bending resistance.
BD56/97: ¢l.9.9.1.2: Compact sections.

The bending resistance, Mp, of a compact section should be taken as:

Zpeo-lc
b=
ym yf3
where: Zpe = Plastic modulus of the section.
Ole = Limiting compressive stress.
¥m = Partial safety factor for the material .
From Table 2, vy, = 1.2
Y3 = 1.1, But not used as incorporated info loading.
Mp = ({(Sxxxop)/{Ym}) = 215.420 kNm

The moment capacity of the section is 215.420 kNm
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BD56/97; cl. 9.9.2: Shear resistance.
BD56/97: cl. 9.9.2.2: Shear resistance under pure shear.

The shear resistance, Vp, of a web panel under pure shear should be taken as:

Yu¥rss
Where: tw = Thickness of the web
dw = The overall depth of a rolled section
hy = The height of the largest hole or cut out being cansidered
hy, = 0 mm
¥m = Partiat safety factor for the material .
From Table 2, yn=1.2
Vs 1.1, But not used as incorporated into loading.

T
See notes below.

The limiting shear strength, T, is given by:

Limiting shear strength of the web panel.

T g o= Twe [
7, t, V355
where: Oue = Depth of section between the flange plates
tw = Thickness of the web
Oyw = Nominal yield stress of the web material
A = (di/Ty)x~N(f,/365) = 31.564

Interpolation from one of figures 11 to 17 is dependant on a number of other factors, however as A is

less than 50, 7,/ 1, =1.00

Where: = 132.791 N/mm?

(22
hdd
T, ===,
43
Hence; 1, = 1, = 132.791 N/mm’
Shear Capacity, Vp:

Vo = ((Tax((de+ T2+ Ta)-hn})/ (¥m) ) x7 = 490.792 kN

RECAP OF CAPACITIES OF EVERELY CORRODED EXTERNAL BEAM

Moment capacity; MEXT. = Mp = 215.420 KNm
Shear Capacity; VoEXT: = Vp = 490.792 kN
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3.4. External Beam Capacity at General Section

E 1. BEAM SECTION PROPERTI

To start the beam will be assessed using the critical section properties, following this the bridge will be
looked at with the variance in properties along its length, particularly as the mid section of the beam
has been subject to very minor corrosion. This consideration may improve to bridge capacity due to

additional moment capacity obtained by doing this.

The section dimensions have been obtained from site measurement and previous assessment

records.

INPUT

Web of section

X Ty = 10.3 mm

; di= 403.9mm
Top flange of section

; T.=  22.2mm

; ds = 169.9 mm
Bottom flange of section
; T= 15 mm

ds = 160 mm

: CALCULATION QOF SECTION PROPERTIES:
AREA:

A =103.32 cm’

2™ Moment of Area
1o = 32448 cm® | v =1423 cm*; |« = 32448 cm*; Iy, = 1423 em®

Radius of G io
rw=177.2mm; rw=37.1mm; rk=177.2mm; ry=37.1mm

Plastic Section Modulus
S, = 1680660 mm®; Sy = 266920 mm®

Distance to Combined Centroid

Xo = 0.0 mm; Ye=29.1mm;

Distance to Equat Axis Area (only shapes with all rectangies at 90 degs)
Xp = 0.0 mm; Y, = 66.6 mm

Elastic Section Modulus

Zw = 1318640 mm®; Zyy = 167510 mm°
Vertical Distance from the extreme tensile fibre to the neufral axis
NAgar = dif2+Ta+Ye = 246.05 mm

Vertical Distance from the extreme tensile fibre to the equal area axis.
EAxbar = d1!2 + T3 + Yp = 283-55 mm
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TION CAPAC F GENE BEA

The section capacity will be assessed based on the guidelines within BAS56/96, BD21/97, and
BD56/96.

As no information is available to provide a definite yield strength of the steel, a characteristic will be
assumed as defined in BD21/97 for steel produced before 1955.

f, = 230 N/mm®
SECTION CLASSIFICATION: : BD56/97 9.3.7

BD56/97: cl. 9.3.7.2: Webs.
The depth between the elastic neutral axis of the section and the compressive edge of the web should

not exceed: 28¢, ’ ﬁ
T yw

where: tw is the thickness of the web plate
oyw IS the nominal yield stress of the web material.

28 x Ty xV(355/f,) = 358.299 mm

Where the depth between the elastic neutral axis of the section and the compressive edge of the web
is:

dy + T3 - NAggar = 172.850 mm
| Section "passes” cl. 9.3.7.2 check.
BD56/97: cl. 9.3.7.3: Compression Flanges.
The projection of the compression flange outstand, by, should not exceed:

e, 5
Ty

where: tr. is the compression flange thickness
oy is the nominal yield stress of the web material.

7xToxV(365/f) = 193.064 mm
Where the projection of the compression flange outstand is:

(d2-T1)/2 = 79.800 mm
Section “passes” cl. 9.3.7.3 check.

As the section passes both the checks the section may be described as compact.




n Project Job Ref.
(B Babt|e Rail Property / Shropshire CC Bridge Assessments 031417
2 St George's House, Part of Structure Sheet no.rev.
Vernon Gate, Rowe Bridge GNQ4/14 - Jack Arch Bridge GNQ4/14 18 A
Derby, DE1 1UQ. Calc. Date Chekd Date Bppd by Date
Tel: 01332 285100 - Fax: 01332 285101 h 06/09/99 ﬂ zz| 4 lc\o,
Ref. Calculations Qutput
SLENDERNESS: BD56/97 ¢l.9.7

BD56/97: ci.9.7.1: Uniform |, channel, tee or angle sections.

A = r_e 1Y/ A
»
Effective length determined in accordance with 8.6.1
i.e As the beam is effectively restrained by the concrete on one side and tie
rods at approximately 2.6m centres the effective length of the section will be
taken as; fe 26m
n 1 Conservatively

v is obtained from table 9 using the following parameters

t
/’LFz-l-e— L and i= L.
r,\ D I +1,

k4 is calculated from the expression in ¢l. 9.7.2 for beams

symmetrical about the minor axis.

]

—

-

—_ X

b= Ah’
Calculations for v:
Mean thickness of flanges; t; = (Ta+T3)/2 = 18.6 mm
Overall Depth of Section; D = di+ T+ T3 = 4411 mm
Determine Af; Ae = (l/ry)x(k/D) = 2.955
Moment of Inertia Comp Flange; I = (dax T2}/ 12 = 15.491 cm’
Moment of inertia Tens Flange; Iy = (dsx T3}/ 12 = 4.500 cm*
v = (4xix(1-)+0.05x(Ar)2+(0.8x(2xi-1))2)*5+(0.8x(2xi-1))) ** = 0.793
Caiculations for k.
Dist. Between centroids of flanges; h = D-t = 422.5 mm
ke = ((4x Zo? x (1= 1yl ) )/ (A2 x ) )% = 0.769

AT {({le/ry) xkgxnxv) =

42.689
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LIMITING COMPRESSIVE STRESS: BD56/97 cl. 9.8
BD56/97; cl. 9.8.1: General.
The value of o / oy should be obtained from figure 10 according to the vaiue of.
o
}“LT —=
355
where: Oye = Nominal yield stress of the web material.

Oy = f, = 230 N/mm?

Ar %V (oy0/ 355 Nimm? ) = 34.361
As this is less than 45 it will be taken that, o, = O
BD56/97: cl. 9.8.1: Compact sections.
The limiting compressive stress, o, should be taken as o

o = Oy = 230 N/mm’

BEAMS WITHOUT LONGITUDINAL STIFFENERS: BD56/97 cl. 9.9

BD56/97; cl. 9.9.1: Bending resistance.
BD56/97: ¢1.9.9.1.2: Bending resistance of Compact se&ions.

The bending resistance, Mp, of a compact section should be taken as:

where: Zpe = Plastic modulus of the section.
Cic = Limiting compressive stress.

¥m Partial safety factor for the material .
FromTable 2, ym=12
Y13 = 1.1, But not used as incorporated into ioading.
Mo = ({Sxx o)/ (¥m)) = 322.127 kNm

The moment capacity of the section is 322.127 kNm
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BD56/97: cl. 9.9.2: Shear resistance.

BD56/97: cl. 9.9.2.2: Shear resistance under pure shear.

The shear resistance, Vp, of a web panel under pure shear should be taken as:

Where:

VD = [tw(dw - hh)}rl

7myf3

tw = Thickness of the web

dw = The overall depth of a rolled section

P = The height of the largest hole or cut out being considered
hy =0 mm

Yen = Partial safety factor for the material .
From Table 2, yn=1.2

Y3 1.1, But not used as incorporated into loading.

in

Tl
See notes below.

The limiting shear strength, 1, is given by:

where:

A =

Limiting shear strength of the web panel.

o g o= e (I

T, t, V335

e = Depth of section between the flange plates
tw = Thickness of the web

Oyw = Nominal yield stress of the web material
(de /Ty )V (f,/365) = 31.564

Interpolation from one of figures 11 to 17 is dependant on a number of other factors, however as A is
less than 50, 7,/ 1, =1.00

Where:

T )
T, = —Jg— = 132.791 N/mm

Hence; 7 = 1, = 132.791 N/mm’

Shear Capacity, Vp!
VD =

((Tix{(di+Ta+T3)-ha})/ (¥m))xn = §02.759 kN

RECAP OF CAPACITIES OF A GENERAL EXTERNAL BEAM

Moment capacity;

Shear Capacity;

MDEXTG = Mo
VoEXTg = Vo

322,127 kNm
502.759 kN
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4. LOADING
Load Factors Adopted in Analysis (yr)
Dead Load Factors: BD21/97 Table 3.1
; Steel , Vstesl = 1.05
: Concrete; Yeane = 1.15
: Surfacing; Ysurf = 1.75
; Fill; i = 1.20
Live Load Factors: BD21/87 Table 3.1
: HA Loading; ha = 150
Global Factors; BD21/87 ¢l. 3.10
; Partial factor; Vra = 1.10
4.1. Dead Load on an Internai Beam

DIAGRAM COMMENTS

Beam Centres;

Concrete Depth;

Rise in arc to crown;

Depth of Fill;

Additional Load Effects Factor,
Steel Section:

Steel mass per metre;

Cts
Heone
d

Hf

ra

1

914.4 mm
421.0mm
140.0 mm
323.0 mm
11

Msteel =115kg/m

Applied Load; D = Msteel x Gace X Ysteel % Y= 1.303 kKN/m

BD21/97 ¢l 3.10
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Jack Arch:
Density of Jack Arch; Poone = 23.54 KN/m’
Area of Concete:
Aconc = Cts x { Heonc - 0.5 x d ) = 320954 mm’
Applied Load; Da = peonc X ACONC X Yoone X Y13 = 8,557 KN/m
Fill: {Allow for 100mm surfacing)
Density of Fill Material; pg =20 kN/m®
Density of Surfacing;  peur = 24 KN/M®
Applied Load; D= Cts x yr3 % {psusx 0.1M x Yaurr + (P > Yan X (Hf - 0.1 m))) = 9.608 KN/m
Total Dead Loads applied per beam;
Dot =Ds + D, + D¢ =20.468 kN/m

Maximum Dead Load Effects

Maximum Shear Force, per single internal beam.

Dsr = Dyt x 5 /2 =92.399 kN

Maximum Bending Moment, per single internal beam.

Dom = Dot x S/ 8 ' = 208.557 kNm

Dead Load Effects at Quarter Span

Shear Force, at ¥ span per metre width of deck.

QDgr = Dy x S /4 = 46.199 kN

Maximum Bending Moment, at ¥ span per metre width of deck.

QDyom = (Do x S2/8) - (D x S/4x S/8) = 156.418 kNm
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4.2. Dead Load on an External Beam

Steel Section

D, = 1.303 kN/m
Jack Arch

Dx = D,/2 = 4.779 kN/m
Fill

Dx = D;/2 = 4.804 kN/m
Timber Parapet

D, = 0.5KN/m

Total Dead Loads applied per beam;
Dt =Ds + Dyx + Dix + D, = 11.386 kN/m

Maximum Dead Load Effects

Maximum Shear Force, per single internal beam.

DgeX = Dix x S 12 = 51,398 kN
Maximum Bending Moment, per single internal beam.

DuonX = Digix x S°/°8 = 116.011 kNm

Dead Load Effects at Quarter Span

Shear Force, at ¥4 span per metre width of deck.

QDgeX =D x S /4 = 25.699 kN
Maximum Bending Moment, at % span per metre width of deck.

QDuomX = ( Dy x 82/ 8 ) - (DX x S/4x S/ 8) = 87.009 kNm
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4.3.

Live HA UDL + HA KEL

NOMINAL ASSESSMENT LIVE LOADS BD21/97 SECTION 5. LOADING
Width of bridge deck between the parapets is 6.32 m
BD21/97: cl. 5.6: Notional Lane Widths (b).

From Table 5.1 determine the number of notional lanes:
No. of Notionai Lanes: 2

BA16/97: Chapter 2: Proportion Factor (K, ).
For longitudinal beams the proportion factor is obtained using the following input data;

Span; S - = 9.029 m
Beam Centres; Cts = 0.914 m

For internal beams interpolate from fig 2/2(b) to obtain the reduction factor:
Kl = 0.410

For external beams interpolate from fig 2/3(b) to obtain the reduction factor:
Kix = 0.385

For bending moments the gross moment is multiplied by the appropriate proportional factor.

The nominal shear is found by multiplying the HA-UDL. by the appropriate proportional factor and the
HA-KEL by 0.5.

BD21/97: cl. 5.8 — ¢1.5.11: General

The worst of the following cases should be considered.
(1 A UDL (which varies with loaded length) together with a KEL.
(i) A single axle load.
iii) A single wheel load.

BD21/97: cl.5.19 - c1.5.21: Type HA Loading UDL and KEL

{i) A UDL (which varies with loaded length] together with a KEL.

Loaded Length is equal to span; L=8=98.020m

HA Loading for loaded length between 2m and 50m is given by the following expression.
W=336x(1/L)%%  =76.926 kN/m

HA-KEL; KEL =120kN

BD21/97: cl.5.22 - ¢1.5.28: Reduction Factors for UDL and KEL

Reduction factors may be incorporated into the expressions for loading, namely K and AF. The factor
K will be omitted at the present as this can be used at a later stage to assess the capacity of the bridge
using BD21/97 fig's 5/2 to 5/7 incl.

ForO<L<20
AF is: al2s

Where; a=3.65m ; and Notiohal Lane width; N.=25m
AF = aN, = 1.460




Derby, DE1 1UQ. Caic. by Date Chek' Date Bpp'd by Date
Tel: 01332 285100 - Fax: 01332 285101 ] 06/09/99 & 7z )“r \&m

Project Job Ref.

(9’ Babtle Rail Property / Shropshire CC Bridge Assessments 031417
2 St George's House, Part of Structure Shest no.rev.
Vernon Gate, Rowe Bridge GNQ4/14 - Jack Arch Bridge GNQ4/14 26 A

Ref. Calculations Qutput
Live Loading applied per single internal beam:
HA: UDL
W1 = W X yp3 X Yha / AF = 86.937 kN/m
HA: KEL
KEL1 = KEL x yi3 x Yna / AF = 135.616 kN

Evaluate Live Loading Effects for loading effective on a single internal beam:
Shear at support

Ler = (((WIxL}/2)xKl)+0.5xKEL1 _ = 228.716 kN
Shear at quarter span

Qg = (3x05xKEL1+W1IxLxKl)/4 =131.310 kN
Moment at midspan; KEL at mid-span

Luow =({(W1xL2)/8)+ (KEL1xL/4))xKLI = 488.694 kNm

Moment at Y2 span: KEL at % span
Qluon = ( ((((KEL1x0.75x S) + (W1 xS x8/2)) /S ) x §/4) - (W1 x S/ x S/8) ) x Kii = 366.520 kNm

Total Effects due to HA Loading on a single internal beam:

Shear at support

Vinax = Der + Lgr = 321115 kN
Shear at quarter span

VQmax = QDgr + LQgr =177.510 kN
Moments at rmidspan

Mpax = Duom + Lmom =697.251 kNm
Moments at quarter span ‘

OMmax = QDuom + Qlmom . = 522,938 KNm

Evaluate Live Loading Effects for loading effective on a single external beam:
Shear at support

LeeX = ({((W1xL)/2)xKx)+0.5xKEL1 =218.905 kN
Shear at quarter span

LQseX = (3x0.5xKEL1+W1xLxKx)/4 =126.404 kN
Moment at midspan: KEL at mid-span

LuowX =(((W1xL?)/8)+ (KEL1xL/4)) xKx = 458.895 KNm

Moment at ¥ span: KEL at % span
QLuowX= ( ({ ((KEL1 x 0.75 x ) + (W1 x Sx §/2) )/ 8) x S/4) - (W1 x S/4 x 5/8) ) x Kix = 344.172 kNm

Total Effects due to HA Loading on a single external beam:

Shear at support

Viaeh = DgeX + LgeX = 270.303 kN
Shear at quarter span

VQmaxX = QDgeX + LQgeX =152.103 kN
Moments at midspan

MmaxX = DmomX + LyomX = 574.907 KNm
Moments at quarter span

QMaaxX = QDwmowX + QluomX = 431.180 KNm
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Recap moment capacities for internal and external beams:
CAPACITIES OF A SEVERELY CORRODED INTERNAL BEAM

Moment capacity; MpINTe = 250.209 kNm
Shear Capacity; ViINTe = 493.299 kN
CAPACITIES OF A GENERAL INTERNAL BEAM

Moment capacity; MpiINTg = 361.000 kNm
Shear Capacity; VpINTg = 509.598 kN
CAPACITIES OF A SEVERELY CORRODED EXTERNAL BEAM
Moment capacity; MgEXT¢ = 215.420 kNm
Shear Capacity; VpEXTe = 490.792 kN
CAPACITIES OF A GENERAL EXTERNAL BEAM

Moment capacity; MpEXTg = 322,127 kNm
Shear Capacity; VpEXTs = 502.759 kN

Recap effects on internal and external beams:

Maximum Dead Load Effects on an internal beam

Shearr,; Dge = 92,399 kN
Bending; Pumom = 208.557 kNm
Dead Load Effects at Quarter Span on an internal beam

Shear,; QDsr = 46.199 kN
Bending; QDuom = 156.418 kNm
Maximum Dead Load Effects on an external beam

Shear; DgeX = 51.398 kN
Bending; DuouX = 116.011 kNm
Dead Load Effects at Quarter Span on an external beam

Shear, QDX = 25.699 kN
Bending; QDpouX = 87.009 kNm
Maximum Live Load Effects due to HA & KEL on an internal beam
Shear; Lse = 228.716 kN
Bending; bmom = 488.694 kNm
Live Load Effects due to HA & KEL at Quarter Span on an internal beam
Shear, LQse = 131.310 kN
Bending; QLluom = 366.520 kNm
Maximum Live Load Effects due to HA & KEL on an external beam
Shear; LseX = 218.905 kN
Bending; LuomX = 458,895 kNm
Live Load Effects due to HA & KEL at Quarter Span on an external beam
Shear; LQgeX = 126.404 kKN
Bending; QlLyomX = 344.172 kNm
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BD21/97: ¢1.5.28: C Factor.
The live load capacity factor is to be determined and assessed against the highest vaiue of K in the
appropriate diagram (fig 5/2 to 5/7 incl.).
Available Live Load Cacacity
Live Load Capacity required for ADJUSTED HA Loading

The value C is given by:

Internal Beams:
Midspan moments, with critical section:

=M =Dy = 0085
LMOM
Support shear, with critical section:
Vo-Del = 1753
L

It is obvious therefore that the capacity needs to be assessed in more detait considering critical section
only at the quarter point.

Midspan moments, with general section; 0.312

Quarter span moements, with critical section 0.256
The moment C factor derived is such that the capacity of the bridge is 3 tonnes + GROUP 2 FE for all
traffic intensities and road surface conditions.

External Beams:

Midspan moments, with critical section:
Support shear, with critical section:

0.217
2.007

W

It is obvious therefore that the capacity needs to be assessed in more detail considering critical section
only at the quarter point.

Midspan moments, with general section; 0.449

Quarter span moments, with critical section 0.373

The moment C factor derived is such that the capacity of the bridge is 3 tonnes + Group 2 FE for all
traffic intensities and poor road surface conditions.

Should the bridge be proved to have a good road surface then the capacity may be increased o 7%2
tonnes + Group 2 FE for traffic intensities below high.

Given the above checks the analysis will proceed with a combined bending and shear check as the
critical section was found to be at the quarter span.
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Calculations Qutput

COMBINED BENDING AND SHEAR CHECK: INTERNAL BEAMS.

BEAMS WITHOUT LONGITUDINAL STIFFENERS: BD56/97 cl. 9.9
BD56/97: cl. 9.9.1.2: Bending resistance of Compact sections.

Moment capacity, MpINTg = 250 kNm

BD56/97: cl. 9.9.2.2: Shear resistance under pure shear.

Shear Capacity; VpiNT¢ ' = 493 kN

BD56/97: cl. 9.9.3: Combined Bending and Shear: Internal Critical Section.

Using clause 9.9.3.2 the values of V and M used in the formulae given in clause ©.9.3.1 will be
determined from the actual section considered, i.e. quarter span.

oy = f, = 230 N/mm”

BD56/97: cl. 9.3.2.1: Outstands in Compression.

b
The ratio—= should not exceed 12./355/ o, orl6, whichever isthe lesser.

tfo
12 x V(355 N/mm’ / £, ) = 14.9
((169.9-10.3)/2)/222 = 36 SATIS

BD56/97: cl. 9.3.2.2: Outstands in Tension.

b
The ratio ?fi should not exceed 16.
Jo

((125-103)/2})/98 = 5.9 SATIS
BD56/97: cl. 9.4.2.4: Effective Compression Flange.
As the two above conditions have been satisfied K, is taken as 1.

As there are no holes to consider k, is taken as 1.

A = (169.9-103)x222 = 3543.1 mm’
Ae = A = 3543.1 mm*
F; = A x Ty = 8149 kN
o = 4008+ (222+98)/2 = 416.8 mm
Mg = { Frxd)/ ym = 283 kNm
As Mg is graater than My, then the value Mp will be used; MpINT¢ = 250 kNm

When considering the shear, Vg is the same as V as my, set to zero has no effect.
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COMBINED BENDING AND SHEAR CHECK: EXTERNAL BEAMS.
BEAMS WITHOUT LONGITUDINAL STIFFENERS: BD56/97 cl. 9.9
BD56/97: cl. 9.9.1.2: Bending resistance of Compact sections.
Moment capacity; MpEXT¢ = 215 kNm
BD56/97: cl. 8.9.2.2: Shear resistance under pure shear.
Shear Capacity; VpEXTe = 491 kN

BD56/97: cl. 9.9.3: Combined Bending and Shear: Internal Critical Section.

Using clause 9.9.3.2 the values of V and M used in the formulae given in clause 9.9.3.1 will be
determined from the actual section considered, i.e. quarier span.

oy = f, = 230 N/mm’
BD56/97: cl. 9.3.2.1: Outstands in Compression.

b
The ratio - should not exceed12./355/ o, or 16, whichever is the lesser.
' N , or 16, whi

12 x v ( 355 N/mm*® / £, ) = 14.9
((168.9-10.3)/2)/222 = 36 ;SATIS
BD56/97: cl. 9.3.2.2; Outstands in Tension.
. bfo
The ratio —— should not exceed 16.
t fo
((147-10.3)/2)/45 = 15.2 SATIS

BD56/97: cl. 9.4.2.4: Effective Compression Flange.
As the two above conditions have been satisfied K. is taken as 1.

As there are no holes to consider k;, is taken as 1.

A = (169.9-10.3)x22.2 = 3543.1 mm®
Are = A, = 3543.1 mm*
Fe = A x f, = 814.9 kN
dy = 403.9+(222+45)/2 = 417.3 mm
Mg = (Fexde )/ ¥m = 283 kNm

As Mg is greater than Mp then the value Mp will be used; MpEXTe = 215 kKNm

When considering the shear, Vg is the same as V as my, set to zero has no effect.
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Calculations Qutput

Summary of the combined bending and shear checks on internal and external beams.

As the values for MR and VR are not exceeded by the reduced loading considered providing that it can
be demonstrated that in the event of full moment loading the shear effects are no more than 50% of
the shear capacity, and vice-versa then the capacity will remain as noted.

As the shear is considered to be the strongest part of the section consideration will be given fo the
moment capacity, in the first instance and then to the shear capacity to ensure that the applied shear
is less than 50% of the applied.

Internal Beam,
50% Shear Capacity is; VpINT: /2 = 247 kN
Maximum shear force is; Vinax : = 321 kN
Consider shear at quarter span.

Maximum shear is; VQmex = 178 kN
External Beam,
50% Shear Capacity is; VpEXTe /2 = 245 kN
Maximum shear force is; V™ = 270 kN

Consider shear at quarter span.

Maximum shear is; VQmaxX 152 kN

In both cases it is noted that the combined capacity is acceptable as the shear force at the quarter
point does not exceed 50% of the shear capacity, and the moment is within the full moment capacity.

The calcuiations may resume with assessment of the bridge under single axle and single wheel
loading. _
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4.4. Live: Single Wheel

{ii} A SINGLE WHEEL LOAD.

As the HA and KEL loading 3 tonnes + G2 FE it is appropriate to apply the equivalent single wheel.
Although the road category has not been defined it would be fair to say that the heavy good vehicle
use of the bridge would be medium, especially during the harvest season. The road condition is

classified as poor, this being the only category applicable when no data is available (BD21/97
cl.5.214).

BD21/97 Table 5/3/2: Nominal Single Wheel Load,

NSWL = 29 kN
BD21/97 cl. 5.34: Wheel Contact Area:
W, = 1.1 N/mm?

Assuming a square contact area the length of each side is 162.369 mm

BD21/97 cl. 6.7: Dispersal of loads through deck other than troughs:

The dispersal is taken from the edge of the wheel at a ratio of 1 horizontaily to 2 vertically through well
compacted fill and surfacing materials. When considering jack arches it may be taken at a ratio of 1 to
1 to the mid-depth of the arch ring at the crown.

Dispersal is; Disp1 = Hf + { Heont - d ) + V(NSWL/W,,) = 766.369 mm
As this is less than the beam centres the whole load may be applied to one internal beam.

Effects of the single wheel load on an internal beam:

Moments:

Mid-span; SWinveM = Yha % ¥z X NSWL x S/4 =108.004 KNm
Ve span; SW neMQ = Yna X ¥rs X NSWL x 0.25 x § x 0.75 x S/S =81.003 kNm
Shear: -
Support; SWiveV = Yna X Y3 x NSWL = 47.850 kN

Y span; SWLweVQ = Yna X Y3 x NSWL x 3/ 4 = 35.888 kN
Totals:

Moments:

Mid-span; SWMpnax = SWineM + Duoum = 316.561 kNm
Ya span; SWCQMmax = SWineMQ + QDuom = 237.420 kNm
Shear:

Supportt; SWV = SWi eV + Dgr = 140.249 kN
Y4 span; SWV . Q = SWLveVQ + QDgr = 82.087 kN
RECAP OF CAPACITIES OF AN INTERNAL BEAM

Moment capacity mid; MpINTg= 361.000 kNm SUFFICIENT

Moment capacity ¥%; MpINTc= 250.209 kNm SUFFICIENT

Shear Capacity, VpINTe = 493.299 kN SUFFICIENT

Combined shear capacity is 50% of above, the section is still sufficient.

As the moment capacity is sufficient proceed with single axle calculations.
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Effects of the single wheel load on an external beam:
Totals:
Moments:
Mid-span; SWMpaxX = SWiveM + DX = 224,015 kNm
Y span; SWQMnaX = SWLveMQ + QDuonX =168.011 kNm
Shear:
Support; SWWVa X = SWieV + DgeX = 99,248 kN
¥ span; SWVma QX = SWiveVQ + QDgeX = 61.586 kN
RECAP OF CAPACITIES OF AN EXTERNAL BEAM
Moment capacity mid; MpEXTe = © 322,127 kNm SUFFICIENT
Moment capacity ¥4; MpEXTc = 215.420 kKNm SUFFICIENT
Shear Capacity; VpEXT¢ = 490.792 kN SUFFICIENT

Combined shear capacity is 50% of above, the section is stilf sufficient.

As the moment capacity is sufficient proceed with single axle calculations.
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Calculations Output

{iii) SINGLE AXLE LOAD.

Given that the bridge has satisfied the HA KEL loading and singie wheel caiculations for 3 tonne + G2
FE vehicles the following calculations will proceed on the same bases with 3 tonnes + G2 FE loading.
There is no need to assess the external beam for single axle loading as such an arrangement is
impossible.

BD21/97 Table 5/3/2: Nominal Single Axle Load,

NSAL = 57 kN
BD21/97 cl. 5.34: Wheel Contact Area:
W = 1.1 Nfmm?

Assuming a square contact area the length of each side is 160.863 mm

Given that the bridge is being assessed for 2 notional lanes the closest that two wheels may be
assessed at is 0.7m centre to centre. For the dispersal noted earlier this gives a total dispersai with of;
0.7m+ Disp1 = 1466.369 mm

For the given beam centres this results in 62.358 percent of the axie load acting on the beam, thatis a
total of; 35.544 kN

Effects of the single axle load:

Moments:

Mid-span; SAveM = Yna X Y3 X NSALz, x S/ 4 = 132.376 kKNm
% span; SA veMQ = Yna X Yr3 X NSALgp x 0.25 x 8 x0.756 x §/5 =81.864 kNm
Shear:

Support; SA eV = Tha % Y53 X NSALgp = 58.648 kN

¥ span; SALNEVQ = Yna % Y X NSALg, x 3 /4 = 36.269 kN
Totals:

Moments:

Mid-span; SAMmax = SA veM + Dyom = 340.933 kNm
Y4 span; SAQM max = SALveMQ + QDyom = 255.700 kNm
Shear:

Support; SAVmax = SALeY + Dsr =151.047 kN
/! span, SAVmaQ = SALNEVQ + QDSF = 82.469 kN

RECAP OF CAPACITIES OF AN INTERNAL BEAM

Moment capacity mid; MpINTg= 361.000 kNm SUFFICIENT
Moment capacify ¥a; MpINTg= 250.209 KNm INSUFFICIENT
Shear Capacity; VpINTe = 493.299 kN SUFFICIENT

Combined shear capacity is 50% of above, the section is still sufficient.
The moment capacity is insufficient for group 2 fire engine loading.

Try 3 tonne axie load.
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Given that the bridge has failed to satisfy the single axle calculations for G2 FE vehicles the following
caiculations will proceed using 3 tonnes loading.

BD21/97 Table 5/3/2: Nominal Single Axle Load,

NSAL = 47 kN
BD21/97 cl. 5.34: Wheel Contact Area:
We = 1.1 N/mm?®

Assuming a square contact area the length of each side is 146.163 mm

Given that the bridge is being assessed for 2 notional lanes the closest that two wheels may be
assessed at is 0.7m centre to centre. For the dispersal noted earlier this gives a total dispersal with of;
0.7m+Disp1 = 1466.369 mm

For the given beam centres this results in 62.358 percent of the axle load acting on the beam, thatis a
total of; 29.308 kN

Effects of the single axle load:

Momenis:

Mid-span; SA wveM = Yha X Tra X NSALg, x S/ 4 =109.152 kNm
Ya span; SAVeQ = Tha % Tra X NSALgp x 0.25 x 8 x 0.75x S/ 5 =81.864 kNm
Shear:

SUPpOﬂ; SALEY = Yha X Y3 X NSALap = 48.359 kN

Y4 span; SALVeQ = Yha X Yrs x NSALg x 3/4 = 36.269 kN
Totals:

Moments:

Mid-span; SAMmax3 = SAveM + Duowm =317.709 KNm
Y4 span, SAQMmax3 = SALEQ + QDuom = 238.282 kNm
Shear: _
Support; SAVmaxd = SALwveV + Dge = 140.758 kN
Y span; SAV e Q = SALEQ + QDge =82.469 kN

RECAP OF CAPACITIES OF AN INTERNAL BEAM

Moment capacity mid; MpINTg= 361.000 kNm SUFFICIENT
Moment capacity ¥a; MpINTc= 250.209 kNm SUFFICIENT
Shear Capacity; VoINTe = 493.299 kN SUFFICIENT

Combined shear capacity is 50% of above, the section is still sufficient.

The moment capacity is sufficient for 3 tonne single axle loading.
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4.5. Summary of Loading vs. Capacity
Dead:

The bridge has shown by calculation that it has sufficient capacity to carry the structure dead weight.

HA: UDL and KEL loading.

Consideration of the internal and external beams has revealed that the capacity of the bridge can only
be described as having sufficient capacity to be subject to 3 tonnes loading and Group 2 Fire Engines.

HA: Single Wheel

Consideration of the single whee!l was carried out based on the previous results using Mp figures from
table 5/3/2, and it was shown that the bridge provided a satisfactory level of resistance for both 3 tonne
and group 2 fire engine loading.

HA: Single Axle

Consideration of the single axle was initially carried out using fire engine group 2 loading using Mp
figures from figure 5/3/1 and it was shown that the bridge provided an unsatisfactory leve! of
resistance. Further calculations were carried out using 3 tonnes axle loading upon which it was found
that the bridge provided a satisfactory level of resistance.

Conclusion:

The capacity of the bridge is: 3 tonnes.
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5. QUALITATIVE ASSESSMENTS

5.1.

5.2.

5.3.

Jack Arches

The jack arches were found to be in fair to poor condition, with the jack arches particularly on the outer
arches as heavy eaching has resulted in the concrete becoming loose and friable. This is a conditicn
which has developed over time and is likely to continue.

Given the current condition of the arches the capacity of the bridge assigned through numerical
checking of the steel beams of 3 tonnes is seen as a fair limiting capacity. At this time no need {0
reduce the capacity of the bridge due to the condition of the jack arches is deemed appropriate.

Abutments

The abutments have suffered with erosion of the brickwork, and more extensively the mortar. The
original mortar used in the abutments is thought to be a lime based mortar, which through time has
suffered from the leaching process. The leaching process has resulted in the mortar becoming very
loose and friable.

There is evidence when viewing the abutments parallel with the track under the bridge that bulging of
the abutments has taken place. This displacement is likely to have occurred due to the weakened
state of the mortar, and will have reduced the capacity of the abutment significantly.

Cracks have developed at various locations throughout the bridge abutments, particularly at the
comers. This has been attributed to the high degree of skew in the bridge together with the effects of
the mortar deterioration causing debonding on some of the joints.

At this time the capacity awarded to the steel beams of 3 tonnes is seen to be a fair representation of
the capacity likely to have been retained by the abutments.

Foundations

There is no evidence to suggest that movement within the foundations is or has occurred. The ground
around the bridge was noted to be sodden despite the general lack of rain in the recent time leading
up to the inspection of the bridge. Should however there be a requirement to use the foundations for
future work a full investigation would be warranted.

6. CONCLUSIONS

The capacity of the bridge is limited by numerical methods to that determined for the steel jack arch
bridge beams.

That is, the capacity of the bridge is 3 tonnes, with no capacity for fire engines.
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STRUCTURE ROWE BRIDGE , ELLESMERE CATEGORY OF CHECK
~ UNCLASSIFIED
STRUCTURE NO GNQ 4/14

| certify that reasonable professional skill and care have been used in the assessment of the above structure with

a view to securing that:

{1) It has been assessed in accordance with the Approval in Principle (where appropriate) as

recorded on Form AA approved on 14 September 1999

(2) It has been checked for compliance with the following principal British Standards, Codes of

Practice, BR Technical notes and Assessment standards.

BD 21/97 (The Assessment of Highway Bridges and Structures)
(incorporating Amendment No 1)

BA 16/97 {The Assessment of Highway Bridges and Structures)
{incorporating Amendment No 1)

BD 56/96 (The Assessment of Steel Highway Bridges and Structures)

BA 56/96 (The Assessment of Steel Highway Bridges and Structures)

BD 61/96 (The Assessment of Composite Highway Bridges and Structures)

BA 61/96 (The Assessment of Composite Highway Bridges and Structures

CATEGORY 1

ME SIGNATURE
(ASSESSOR) - < / H / 6[ g (DATE)
SSESSMENT o
HECKER) g] ek (DATE)
(TECHNICAL DIRECTOR BABTIE ,
GROUP) i ) 3 ( a9 (DATE)
CATEGORY 2
{a) ASSESSMENT /_:
NAME SIGNATURE
(ASSESSOR) {DATE)
(TECHNICAL DIRECTOR BABTIE
GROUP} (DATE)
(b) CHECK
NAME SIGNATURE
{ASSESSOR
CHECKER) {DATE)
(TECHNICAL DIRECTOR BABTIE
GROUP) (DATE]




FORM BAA (BRIDGES)

CERTIFICATION FOR ASSESSMENT CHECK @'

NOTIFICATION OF ASSESSMENT CHECK

STRUCTURE NAME ROWE BRIDGE , ELLESMERE - UNCLASSIFIED

STRUCTURE NO GNQ 4/14

The above bridge has been assessed and checked in accordance with Standards which are listed on the
appended Form BA. A summary of the results of the assessment in terms of capacity and restrictions
is as follows:

STATEMENT OF CAPACITY
3 Tonnes

Critical member Internal Beam Of The
Structure

RECOMMENDED LOADING RESTRICTIONS

3 tonnes
DESCRIPTION OF STRUCTURAL DEFICIENCIES AND RECOMMENDED STRENGTHENING.

The limiting structural elements of the bridge are the internal steel girders with an assessment capacity
of 3 tonnes. The outer edge steel girders were assessed to have a capacity of 3 tonnes + Fire Engines
Group 2. It is not considered that other methods of analysis would produce a significantly higher resulit

It is possible that propping would provide an interim short term solution for increasing the bridge
strength. However the only practical long term methad of strengthening would be redecking. It should
be noted though that the condition of the substructure is poor and substantial repair works, probably
involving rebuilding would be required.

However rather than undertaking the necessary extensive remedial works, and as the bridge appears to
serve no useful purpose, it is recommended that serious consideration be given to demolition in order
to remove a future maintenance liability.

The general condition of the bridge suggests that remedial works be considered as a matter of urgency.

Name:_ Signed: -m_ Senior Civil Engineer

Structural Assessment Engineer Zﬂ'{-ln l‘\c(
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