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Structure: C20/40 Montgreenan Station Bridge Date: 14/11/03

NORTH AYRSHIRE COUNCIL FORM ‘BA’ (BRIDGES)
ROADS SERVICES ASSESSMENT/CHECK CERTIFICATE
1. STRUCTURE IDENTIFIER

1.1 Structure Reference No. Rail Property Ltd. DAK/81

3.

North Ayrshire Council: C 20/40

12 Structure Name: Montgreenan Station Bridge

ASSESSMENT/CHECKING OF ASSESSMENT

We certify that reasonable professional skill and care has been used in the (assessment/ checking
of assessment) of the above structure with a view to securing that:-

2.1 it complies with:-

+ (a) the Approval in Principle dated 06 April 2003 * including the following:-

(List, if any, the departures from the standards, and additional methods or criteria used in
the assessment with references and justification for their acceptability).

None

22 the unique numbers of the drawings used for the assessment are:-

NAC Drg Ref. C 20/10/1 - Ayrshire - Dalry to Kilmarnock Line Bridge No 81 carrying
Montgreenan Road over Railway at Montgreenan Station

APPROVAL BY NORTH AYRSHIRE COUNCIL, ROADS SERVICES

The above is approved by North Ayrshire Council

Signed .
Floodin r (including

Structu

IN a1 [ . . . . . s



Structure: C20/40 Montgreenan Station Bridge Date: 14/11/03

4, ACCEPTANCE BY THE CIVIL ENGINEER
This certificate is accepted by Rail Prop,

" Insert date of acceptance of the AIP by TAA, including the dates of any addenda.

+ Delete if not required.

Note:  If any completed Certificate consists of 2 pages or more, each additional page must be headed
with the name of the structure and the date.
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North Ayrshire Council Roads Services
C20/40 Montgreenan Station Bridge (DAK/81)
Assessment Report

Executive Summary

An inspection and load assessment of C20/40 Montgreenan Station
Bridge (RPL Ref DAK/81) has been carried out.

The inspection indicates that the structure is generally in good condition.
Defects requiring remedial measures were noted and recommendations
are included in the report.

The assessment indicates that the arch barrel is adequate for 18 tonne
reduced assessment live loading and can carry 13 units of HB loading.
The substructure, under a qualitative assessment, is deemed to be
adequate for the above loads.

There appears to be scope for increasing the assessed capacity to 40/44
tonnes by undertaking a relatively minor adjustment to the vertical
alignment of the road in the vicinity of the bridge.

Babtie Group Version 1

November 2003
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1.1

1.2

2.1

22

3.1

3.1.1

Babtie Group Version 1

introduction

A load assessment of C20/40 Montgreenan Station Bridge has been carried out on behalf of
North Ayrshire Council under the NAC Bridge Assessment Programme.

The instructions were given in a meeting between_

Babtie Group, held on 11 June 2003. NAC’s requirements for the assessment were for the
following tasks to be carried out:

Inspection for Assessment and condition report

ii. Load assessment to DMRB, with arch assessment to be carried out using both the
modified MEXE method and the mechanism method. Assessment required for 40/44
tonne Assessment Live Loading and HB loading

iii. Assessment of parapets to the County Surveyors’ Society Guidance Note and Priority
Ranking to DMRB

iv. Comment on visibility, any seriously substandard aspects of the highway geometry,
presence of safety fencing and scour risk

V. A search of public utility plant was to be carried out.
Description of Structure

The structure is a single span, masonry arch skewed at approximately 20° with a square
span of 8.5m. The abutments, wingwalls and parapets are also of masonry construction.

The bridge carries a C Class road over a dismantled railway track. It is shown in the
photographs contained in Appendix A to this report and its location plan is included in
Appendix B,

Inspection for Assessment
Introduction
The inspection was carried out on 2 July 2003 in mild, dry weather by the following personnel:

ons), MSc, CEng, MICE, MIHT

Access to the structure was gained using ladders. Key dimensions were measured and
carriageway levels were taken at the time of the inspection.

The condition report is included in Appendix B. The geometric details, which were recorded
for the assessment, are included in Appendix C.

w

November 2003
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3.2

3.21

3.3

3.3:1

3.4

3.4.1

3.5

3.5.1

3.6

3.6.1

3.7

3.71

3.7.2

4.1

4.2

43

Foundations

The foundations are not visible for inspection, however there is no evidence of movement or
distress in the structure which could be attributed to deficiencies with the foundations.

Abutments
The abutments are of coursed, dressed sandstone construction and are in good condition.
Spandrels and Wingwalls

The spandrels and wingwalls are of coursed, dressed sandstone construction. They are
generally in good condition although there is vegetation growth and local spalling on the
wingwalls and very slight local mortar loss from joints in the spandrels.

Arch Barrel

The arch is of three-centred geometry and is of ashlar sandstone masonry construction. It is
in good condition.

Surfacing

The surfacing is dense bitumen macadam and is in good condition.

Parapets

The parapets are generally of sandstone ashlar construction, although areas have been
reconstructed in blockwork and brickwork, Photograph 3.

Numerous masonry stones are missing or loose and there are areas of vegetation growth,
Photographs 4 to 6.

Structural Investigations for Assessment

A preliminary assessment based on the available information indicated that the abutment
thickness, which is not indicated on the drawing, is critical to the assessed capacity of the
structure. This is due to the 3-centred construction of the arch barrel, which requires a
geometry which will allow a reasonably smooth thrust line through the haunching, which the
drawing indicates is present, into the abutments. Intrusive investigations were therefore
undertaken to determine the abutment thickness.

Cores were cut into the southwest abutment by Henderson Thomas Associates on 22 July
2003, under our supervision. An initial core was cut at approximately the mid-width of the
abutment, which indicated a wall thickness of 1380mm, before a clay/rubble material was
encountered.

A further core was cut at the right hand "/5 point of the abutment to attempt to determine
whether counterfori walls were present, which would have the effect of buttressing the
abutment wall. This location was selected since if counterfort walls had been constructed, it

Babtie Group Version 1
November 2003
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4.4

5:2

5.2.1

53

5:3.1

is likely that these would have been at the mid-length and ¥ points, or at the /5 points. This
core indicated a wall thickness in excess of 2200mm, since at this depth the coring drill was
still cutting into solid masonry.

It is likely therefore that substantial counterforting is present which will act, together with the
wingwalls, to provide additional support the abutments. An average abutment thickness of
1916mm has been calculated, based on estimated counterfort and wingwall thicknesses and
this has been used in the assessment.

Assessment
Superstructure
The parameters used for the arch assessment are included in Appendix C to this report.

The effective width of arch barrel has been calculated in accordance with BD 21/01.

However to allow for the reduction in available barrel width when loading is applied near the
edge of the structure, such as in accidental loading, the worst case of distribution on one side
of the vehicle only has also been considered when appropriate.

The assessment for HA loading was carried out by both the Modified MEXE method and by
the mechanism method using the software ‘Archie-M’. MEXE indicated that the arch is
satisfactory for 40/44 tonne Assessment Live Loading, with allowable axle loads of 15.4, 13.3
and 27.2 tonnes being obtained for triple, double and single axle bogies respectively. The
mechanism method also gave a capacity of 40/44 tonnes for the arch barrel.

The depth of fill above the arch barrel at this bridge exceeds the barrel thickness and BD
21/01 states that under these circumstances, MEXE can give unconservative results. In
addition, BA 16/97 gives guidance that MEXE should not be used if the arch is flat or
appreciably deformed. A second, lower bound, MEXE analysis was therefore carried out,
with the depth of fill above the barrel set to the barrel thickness. This gave capacities of 8.8,
7.6 and 15.5 tonnes for triple, double and single axle bogies respectively. These values give
a reduced assessment loading of 18 tonnes.

The HB assessment was carried out by factoring the lower bound MEXE double axle capacity
and this gave a capacity of 13 Units.

Substructure
The substructure has been assessed qualitatively as being adequate for the above loadings.
Parapets

The parapets have been assessed in accordance with the County Surveyors Guidance Notes
as being inadequate for impact speeds of 30mph and have been assigned a Priority Ranking
of 15.

Babtie Group Version 1
November 2003
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54

5.4.1

5.5

55.1

5.6

5.6.1

6.2

6.2.1

6.2.2

Highway Geometry

Visibility along the highway over the bridge is poor due to the structure being located at the
crest of a hill. There are grassed verges over the structure of 0.60m and 0.65m width. There
is no approach or departure safety fencing, however iraffic volume and speeds are low and
we do not consider provision of safety fencing to be high priority at this site.

Scour Risk
The bridge crosses a dismantled railway and there is therefore no scour risk.

Public Utilities

A public utilities search has been carried out in conjunction with the assessment and the
following public utility provider has indicated it has plant as follows:

Scottish Water — 63mm MDPE

Conclusions and Recommendations
Inspection

The structure is generally in good condition, however it is considered that the following
aspects require fo be addressed:-

i. The parapets are suffering from missing and loose masonry and mortar loss from
joints to an extent that their integrity must be impaired. lt is recommended that the
areas of missing/loose masonry are re-built and joints are repointed. This work has
been assigned a Severity Ranking of 4 on the Principal Structure Inspection Form.

Assessment

The assessed capacity using the lower-bound MEXE approach is 18 tonnes, whilst the
mechanism method gave a capacity of 40/44 tonnes. The mechanism method appears to
give unreliable results for 3-centred arches such as this, with major differences in results
being obtained for nominally similar arch/abutment geometries. In this instance we consider
that the lower bound MEXE results should be adopted and the assessed capacity is therefore
18 tonne Reduced Assessment Live Loading and 13 units of HB loading.

The critical loading configuration in the lower bound MEXE method is the double axle bogie
with axle lift-off being assumed to occur. The effect of axle lift-off is to decrease the
calculated Modified Axle Load from 10 tonnes to 7.6 tonnes. If axle lift-off were prevented
then the structure would be adequate for 40/44 tonne loading. The lower bound MEXE
analysis has been carried out using a depth of fill and carriageway construction of 380mm,
which is approximately 240mm less than the actual depth. Thus there would appear to be

Babtie Group Version 1
November 2003
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scope for re-profiling the vertical alignment in the vicinity of the bridge to prevent axle lift-off
occurring, which would increase the calculated capacity to 40/44 tonnes.
6.2.3 Alternative options would include:
e Use of a proprietary system such as cintec anchors
s  Provision of an additional supporting structure beneath the arch
e  Provision of a relieving slab over the arch

e Infilling the structure.

Babtie Group Version 1
November 2003
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Photographs
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Photograph 2- View on Carriageway Looking Northeast
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Photograph 4 — Loose/Missing Masonry in Parapet
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Photograph 6 — Vegetation Growth and Loose/Missing Masonry in Parapet
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APPENDIX B
Inspection Report Form
Drawing

Location Plan
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North Ayrshire Council — Roads
Principal Structure Inspection Form

Agent Authority NORTH AYRSHIRE COUNCIL O.S. Map Reference: 234090 643405
Road No.: C20 Bridge No.:.40 Bridge Name: Montgreenan Station Bridge
Type of Bridge: Masonry Arch N
Minimum Headroom/s: N/A Inspected By:
Condition Report Date of Inspection: 2z
Item| Item Description Extent | Severity Comment
No.
1 |Tnvert A 1 |Fenced across and part infilled.
2 |Aprons - -
3 |Foundations A 1 |No evidence of problems
4 | Cutwaters = =
5 |Piers/Columns = =
6 | Abutments A 1
7 [Wing Walls B 2 [Some vegetation growth and local spalling
8§ | Embankments A 1
9 | Training Walls = -
10 |Drainage Substructure - .
11 | Parapets c 4 [Numerous stones missing & loose with local deformations. Vegetation growth
12 |Bearings - =
13 | Expansion Joints - -
14 |Main Beams < &
15 |Encased Ends w =
16 |Troughing i -
17 |Jack Arches = =
18 |Transverse Beams and i i
Diaphragms
19 | Waterproofing B 2 |Slight seepage through arch barrel in places
20 |Drainage Superstructure = =
21 |Concrete Deck = =
22 | Arch Springing A 1 Minor weathering
23 | Arch Ring A 1
24 | Voussoirs/Archface A 1 Minor Weathering
25 |Spandrel Walls A 1 Generally good. Some local mortar loss.
26 |Tie Rods - -
27 |Pointing A 1 |Generally good except as noted
28 | Condition of Masonry A 1 |Generally good except as noted
29 |Surfacing A 1

Was Remedial Work recommended at previous Inspection satisfactorily completed? Yes/No.

Comments if answer is no.

Condition Classification from BA 63/94

Extent

Severity

No significant defect

1 | No significant defect

Slight, not more than 5% of length or area affected D,

Minor defects of a non-urgent nature

@] == k=

Moderate, 5 - 20% affected

3 | Defects which should be included for attention within the next
annual maintenance programine

Extensive, more than 20% affected

4 |Severe defects where urgent action is needed
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North Ayrshire Council Roads Services
C20/40 Montgreenan Station Bridge (DAK/81)
Assessment Report

APPENDIX C

Assessment and Check Calculations
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8200/B~ North Ayrshire Council Work Package 3 Page B/A
PAL 9/03

CHECK CALCULATIONS SUMMARY
C20/40 Montgreenan Staion Bridge

MEXE Results:

18 t capacity
Archie-M Results:
Full Width: 40 t

Curailed Width: 40 t
HB Capacity: 13 units
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North Ayrshire Bridge Assessment Programme
Package 3

MEXE Assessment to BA 16/97 Amd. 2
Bridge Name: C20/40 Montgreenan Station Bridge (Skew)

Adjusted calculations to make fill depth match arch ring depth, re: Peter Sugden's comments.

Dimensions,

Span k= - 9m
Rise at crown e=:.  -.1.82m
Rise at 1/4 points = 157 m
Arch barrel thickness d= 0381 m
Average depth of fill h= - 0.381m {see note above)
PAL= 24.7 tonne {cl. 3.10)
Therefore PAL= 24.7 tonne
Modifying Factars:
Span/Rise Factor Fe=" - 0i87 (cl. 3.11)
Profile Factor F= 070 (cl. 3.12)
Arch Barrel Factor Fp="" 1:00 (T 3/1) {Ashlar calcareous sandstone)
Fill Factor Fe o 0.70 (T3/2)  (Well compacted)
Material Factor Fm= 0.85 {cl. 3.13)
Width Factor Fo= " 1.00 (T3/3)  (Widths <6mm)
Mortar Factor Fro= - 1,00 (T 3/4)  (Good condition)
Depth Factor Fe ' 0:80 (T3/5)  (Joints approx. 10% of barrel)
Joint Factor F= 0.80 (cl. 3.16)
Condition Factor Fov= . 10.90 (cl. 3.17 to cl. 3.24)  (Generally good)
Modified Axle Load= 9.2 tonne (¢l 3.24)
Axle Factor Arsnge™= .~ 1.55 (Fig 3/5a & 3/5b})
A= 1:00
Aftrip1e= Ce 087
Allowable Axle Load single= 14.2 tonnes (T 3/86)
twin= 9.2 tonnes
triple= 8.0 fonnes
Capacity * 18 tonnes (T 3/8)

Avle lift-off may be a factor here:;

Axle Factor Af twin= 0.76 (Fig 3/5b)
Allowable Axle Load twin= 7.0 tonnes
Capacity - N/Atonnes (T 3/6)
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North Ayrshire Council Roads Services
C20/40 Montgreenan Station Bridge (DAK/81)
Assessment Report

APPENDIX D
CBAS 3 and CBAS 4 Forms
Form “BA” Bridges
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FORM CBAS4

Sheet . . .of ..l .

NORTH AYRSHIRE COUNCIL YEAR COMPLETED| 7.007
ROADS SERVICES

STRUCTURE NAME: 10 GaTe, £ 2EmALD  STATIoN)
STRUCTURE REF.No.. 2. [ (L0

HE LOADING GAPAGITY REPORT GRID REFERENCE 5ol e 6ilki S ke ls
(1 : 2 ) (4)
STRUGTURAL FACTORS AFFECTING HB CRITICAL LOADING
SUB-ELEMENT STRENGTH CAPACITY ARRANGEMENT
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