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BD21 Assessment

This report presents the BD21 Assessment for bridge END/709

1.1 Location of Structure

Bridge END/709 carries the B262, Station Road north of Southfleet over the track
bed of the former Gravesend West Branch at track mileage 25m 01ch.

The OS grid reference is TQ 614 720.

1.2 Construction Type

This is a two span heavily skewed bridge (43°). Span lengths are 8.34m west and
9.27m east. Each span comprises six longitudinally spanning metal girders with
brick jack arch infill construction. Five of the girders are riveted wrought iron plate
construction, but the sixth girder, the south edge girder, is a modern weathering
steel universal beam. This appears to be a replacement of the original edge girder.
The deck between the new edge girder and the fifth original girder is constructed
with pre-cast concrete saddle arch units. The girders appear not to be continuous
over the two spans; the original north edge girders are merely bolted back to back
through the end stiffeners. The new south edge girders are clearly separate. The
north edge girder is nominally 32" deep with 15” flanges. Internal girders are 32"
deep with 14” wide flanges with additional flange plates at mid-span. The edge
girder appears to be a 914 x 419 x 343kg/m UB built in compositely with the
concrete deck edge. Girder spacing is 62" (1575 mm).

1.3 Information used to form the Assessment

The assessment was carried out on the bridge in its current corroded state. All
dimensions and corroded sections were obtained from site measurements. (See
Jacobs report "03/04 BE4 Assessment Programme — Assessment and Inspection
Report — Bridge Ref.: END/709 — March 2004").
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1.4

Element: North edge girder

Results of BD21 Assessment

Assessed for Accidental Vehicle Loads from critical road vehicles BD21/01 Table D1
(also refer to clause D4 a.). Critical axle loads and axles spacings for full and
reduced loads are given:

x?):i:;z)gross weight Axle weights W (tonnes) and spacings A (m)
E”" Assessment Live wi| Al |w2| A2 | ws| A3 |ws|as| ws
oading
44° 7.0 28 (115 13 7.5 7.6 9.0 | 1.35 9.0
40° 5.0 28 (105 1.3 4.5 48 | 10.0 | 1.8 10.0
26 tonne RC 7.0 (3421115 13 7.5
18 tonne RE 65 | 3.0 | 115
7.5 tonne RF 1.5 | 2.0 6.0
Action Location Assessed Dead Live load | Live load Live Load
Resistance | load capagity effect Rating
effect
. East span
Egt"/‘i'\rl‘ﬁ 4mfrom | 749 kN.m k5Nzr7n 222 kN.m | 353 kN.m to;‘;%s
abutment :
. East span
?SPXI\?E amfrom | 749 kN.m k5Nzr7n 222 kN.m | 285 kN.m to;llses
abutment )
. East span
_,Bg';‘ﬂ{‘fi 4mfrom | 749 kN.m k5NzZn 222 kN.m | 142 kN.m to;ll':es

; abutment )

Shear Support 489 kN 229 kN | 260 kN 109 kN 40 tonnes
Bearing <40
stiffener Support 317kN 229 kN 88kN 393 kN tonnes
40t AVL 0
Bearing 75
stiffener Support 317kN 229 kN 88kN 63 kN to n}les
7.5t AVL
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Element: 1st internal girder (north side) (part carriageway/ part footway
loading)

40 tonne loading K factors for road surface and HGV flow combinations:

HGV Flow
Road Surface High (H) Med. (M) | Low (L)
Good (g) 0.81 0.79 0.76
Poor (p) 0.91 0.90 0.87

C = Available live load capacity / Live load capacity required for Adjusted HA loading
and relates directly to the K factors in Figures 5.2 to 5.7 of BD21/01.

C > K = 0.79 for 40 tonne loading (Mg) Medium HGV flow, good road condition.

Action Location | Assessed Dead Live load | Adjusted C Rating
Resistance | load capacity HA loading | factor
effect
Bending | Mid-span | 1053kN.m | 856 | 307 kNm | s43kNm | 073 |18
g p . kN.m . : ‘ tonnes
Shear | Support | 489KN | 278KN | 211kN | 230kN | 092 |
onnes
Element: Internal girder (full carriageway loading)
Action Location | Assessed Dead Live load | Adjusted C Rating
Resistance | load capacity HA loading | factor
effect
Bending | Mid-span | 1312kNm | 8% | es6kNm | 751kNm | 0873 | FO
g p . kN.m . : ' tonnes
Shear* | Support 489 kN 278 kN 211 kN 299 kN 0.705 :8
onnes

* the value of shear is based on a web thickness of 14". This was the measurement
obtained on the edge girder at mid-span. It is likely that the web on an internal
girder at the support may be greater, though this measurement could not be
confirmed on site in the 2004 investigation. If the web thickness at the support was
a more usual %", the shear rating would be:

40
tonnes

Shear Support 733 kN 278 kN 455 kN 299 kN 1.52

Bearing stiffeners on the internal girders were not checked as the girder ends are
fully built in to the jack arches and concrete infill.
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Element: South edge girder

Assessed for Accidental Vehicle Loads from critical road vehicles BD21/01 Table D1
(also refer to clause D4 a.). Critical axle loads and axles spacings for full
Assessment Live Loading are given:

xizi‘:::)gross weight Axle weights W (tonnes) and spacings A (m)

Full Assessment Live
Loading Wi1 A1 W2 | A2 | W3 | A3 | W4 | A4 W5
44° 70 | 28 [115) 13 | 75 | 76 | 9.0 { 1.35 9.0
40° 50 | 28 | 105 13 | 45 | 48 | 100 | 1.8 10.0
Action Location Assessed Dead Live load | Live load Live Load

Resistance | load capacity effect Rating
effect
. . 567 3596
Bending Mid-span | 4163 kN.m KNLmM KNLM 249 kN.m | 40 tonnes
Shear Support 3147 kN 280 kN | 2867 kN 152 kN 40 tonnes

Element: tie-rods to edge girders

Based on an empirical assessment in accordance with Bridgeguard 3 Information
Sheet 22 the internal jack arches are compliant and are rated at 40 tonnes. There is
a possible non-compliance with the jack arch adjacent to the north edge girder
through lack of support to the arch on the bottom flange of the girder.

Element: Substructure

The substructure is qualitatively assessed at 40 tonnes GVW

1.5 Load Rating

With respect to the girders supporting the carriageway, the first internal girder from
the north side carries a proportion of carriageway loading and its capacity is limited
by bending to 18 tonnes. The bottom flange of this girder is heavily corroded.

The other carriageway girders are limited to 18 tonnes capacity by shear effects at
the support. The web thickness of the web dictates the shear capacity. The actual
thickness of the internal girder webs could not be ascertained because the girders
are built into the jack-arch construction. A thickness of 4" based on a measurement
taken on the edge girder was used in assessment. If the thickness were %", which
might be considered to be more usual, these girders could be rated at 40 tonnes.

The north edge girder is heavily corroded and there is some holing of the bottom
flange about 4m from the east support. The girder was checked for accidental
vehicle loading in accordance with Annex D of BD21/01. The girder is limited in
bending to a capacity of 7.5 tonnes and the same rating is obtained from checks of
the bearing stiffeners.
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The south edge girder is a substantial modern weathering steel girder and is easily
rated at 40 tonnes.

1.6 Recommendations

There is some doubt about the shear rating of the 2", 3" and 4" internal girders
from the north edge because the web thickness could not be verified. If
investigation could demonstrate that the web thickness was %" as opposed to the
4" measured in the edge girder and assumed throughout, then there three girders
could be rated at 40 tonnes. However, the 1% internal girder from the north, which in
part supports carriageway loading, is rated at 18 tonnes owing to heavy corrosion on
the bottom flange limiting bending capacity. Therefore a general weight limit of 18
tonnes gross vehicle weight should be applied on the carriageway.

The north edge girder is heavily corroded and can only be rated at 7.5 tonnes
accidental vehicle load on the footway. It is recommended that suitable barriers are
provided to prevent heavy vehicles mounting the footway. A substantial barrier
preventing loading of the footway and positioned to relieve loading on the 1% internal
girder could, subject to confirmation of the shear capacity of the other internal
girders, allow the bridge to be rated at 40 tonnes.

It is noted that the bridge is already partially infilled on the north side and full infilling
may be considered to remove the liability.

END_709 BD21 report.doc 1-5
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Appendix A - Form AA
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Appendix B - Form BA
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BRB (Residuary) Limited Group Standard

FORM ‘BA’ (BRIDGES) GC/TP0356
Appendix: 4
ELR/ Bridge No END/709 Issue: 1

Revision: A (Feb 1993)
CERTIFICATION FOR ASSESSMENT CHECK

Assessment Group: Jacobs UK Ltd

Bridge/Line Name: Station Road, Southfleet / Gravesend West Branch
Category of Check: 2
ELR/ Bridge No: END/709

We 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 16 August 2006.

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

Codes of Practice, BRB (Residuary) Limited technical notes and Assessment
standards:

BD21/01 - "The Assessment of Highway Bridges and Structures"

BD56/96 — "The Assessment of Steel Highway Bridges and Structures"

List any departures from the above and additional methods or criteria adopted, with
reference and justification for their acceptance.

None
Category 1

Engineers to whom
Assessor/Checker is
responsible.



BRB (Residuary) Limited Group Standard

FORM ‘BA’ (BRIDGES) GC/TP0356
Appendix: 4
ELR/ Bridge No END/709 Issue: 1

Revision: A (Feb 1993)
CERTIFICATION FOR ASSESSMENT CHECK

Category 2 and 3 (Note: Category 1 check must also be signed)

(a) Assessment

Name Signature Date

Assessor
L Assessment Checker

Authorised signatory of
the firm of Consulting
Engineers to whom
Assessor/Checker is
responsible.

(b) Check

Name Signature Date

SSor

ssment Checker

orised signatory of
the firm of consulting
engineers to whom
Assessor/Checker is
responsible.

This Certificate is accepted by..



BRB (Residuary) Limited Group Standard

FORM ‘BAA’ (BRIDGES) GCI/TP0356
Appendix: 4
ELR/ Bridge No END/709 Issue: 1

Revision: A (Feb 1993)
CERTIFICATION FOR ASSESSMENT CHECK

Notification of Assessment Check

Assessment Group Jacobs UK Ltd

Bridge Name/Road No. Station Road, Southfleet / B262
Line Name Gravesend West Branch

ELR Code/Structure No. END/709

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 (ALL=Assessment Live Loading)

Internal Girders below carriageway 18 tonnes ALL
North Edge Girder (Accidental Wheel Loading) 7.5 tonnes
South Edge Girder (Accidental Wheel Loading) 40 tonnes ALL

Carriageway jack arches and ties - full C&U vehicle loading to BD21.

Jack arch between north edge girder and first internal girder — possible failure
indicated due to lack of support from girder bottom flange and reduced tie bar .

Recommended Loading Restrictions

18 tonnes Gross Vehicle Weight on carriageway
7.5 tonnes Accidental Vehicle Loading on verges

Description of Structural Deficiencies and Recommended Strengthening

¢ Extensive corrosion to the exposed flanges of the North Edge Girder and first
Internal Girder from the north side

¢ Loss of tie bar section in jack arch adjacent to the north edge girder and
possible lack of support from edge girder flange

The bridge is already partially infilled. If the bridge is retained:
¢ Consider plating over holed sections of bottom flange of north edge girder

¢ replace tie-straps to outer girders
¢ apply paint system to arrest further corrosion.

iii




BRB (Residuary) Limited Group Standard

FORM ‘BAA’ (BRIDGES) GC/TP0356
Appendix: 4
ELR/ Bridge No END/709 Issue: 1

Revision: A (Feb 1993)
CERTIFICATION FOR ASSESSMENT CHECK

iv
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CALCULATION COVER SHEET Jacobs
Reading

Project Title: BRB (Residuary) Ltd - Major Works 2004/2007 Calc. No.: 80.1
Job No:  J24110IS File: R9
Project Manager Subject: END/709 BD21 Assessment
Designer Station Road, Southfleet / Gravesend West Branch
Project Group Section Properties

Total Made Date Checked Date Reviewed Date

Sheets by by by
Rev
=
llRev

Date

Superseded by Calculation No.

For design criteria, refer to Approval in Principle (Form AA) document
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PRO FORMA FOR EMPIRICAL ASSESSMENT OF BRICK, MASONRY AND CONCRETE JACK

ARCHES AND ASSOCIATED TIES
(To be included with the Assessment Report Calculations)

| BRIDGE/LINE NAME: Southfleet Station Road / Gravesend West Branch

l STRUCTURE NO: END /709

Assessment should include completion of all three Sections even where Section 1 has shown

the bridge deck to be non-compliant.

SECTION 1 CHECKS FOR COMPLIANCE WITH 40 TONNE CONFIGURATION REQUIREMENTS

Compliant
L sx§ Yes/No
4

What is maximum clear span of the arch I ~1.549m Yes - -

Non-compliant if greater than 2.0m
Do jack arches spring from bottom flanges of beams?

If not, non compliant Y Yes
What is the beam spacing? b:=1930m
What is the rise of the arch? r,:=0.500m ~
Gross aspect ratio -l-)- =386

Te
L Yes

Non-compliant if greater than 10
What is the arch barrel thickness d 300 pjm , < |p®
(including concrete fill above) and how is it \“ymh ok TN T N
derived ie from record drawings or site 22h o " Loson
investigation? Yes < P .

Non-compliant if thickness less than 220 o %, PN S ) S ¥

2 X w @7
4[



PRO FORMA FOR EMPIRICAL ASSESSMENT OF BRICK, MASONRY AND CONCRETE JACK

ARCHES AND ASSOCIATED TIES
(To be included with the Assessment Report Calculations)

I BRIDGE/ LINE NAME: Southfleet Station Road / Gravesend West Branch l

l RAILTRACK NO: END /709 ‘

Assessment should include completion of all three Sections even where Section 1 has shown
the bridge deck to be non-compliant.

SECTION 2 CHECKS FOR DEFICIENCY

600

500

400
300 /
200 |

100

Minimum Permissible
Effective Shear Depth (mm)

0 T T T —
0 500 1000 1500 2000 2500
Clear Arch Span (mm)

Figure 1

AN
74

Type Deficiency Pass/
No o o Fail
1 What is the backing material? Is it structural? concrete (friable)

Does the structural backing extend to at least the crown level of the arch extrados?  Yes Pass

If not, then fail (1) (4)
Height of structural fill above crown d f:={298 mm (
ABD pava
What is effective shear depth of deck?
(= arch rise + barrel thickness + depth of structural fill above crown of extrados)
Ds:=rc+d+df Ds:=199/8 20:3,,\\,.“ _E \Ahl\}\}ia-
IsD (2" minimum requirements of Fig 1 " Fail if < Fig 1 De > {}‘3 A Pass

A
\
“’s

1Dc

O‘t/ fo]

).




Do jack arches span longitudinally (eg in half through girder construction) or transversely
between longitudinal girders? Transverse Jack Arches

For longitudinal spanning jack arches, ignore following questions on ties/lateral restraint and
state N/A.

Are ties provided in edge bays of transversely spanning jack arches?

If yes, go to 3a/3b If not, fail unless edge bay is ‘hard’ (see 5)

Pass | v~

3a

Cl

What is the cross sectional area of one Diameter of tie Dia :=¢ mm
tie? (allowing for corrosion losses)

(Dia)?
4

Therefore Area A:=n

What is number of ties'per beam length?

What is the clear skew span?

Ps ,
Specific area of tie A (nt1)A N m
-~ L

e
M’/ Non-compliant if less th

tht[}maxi'mum tie spacing? S:=gm

Non-compliant if greater than 2.5m for cast iron

3b

WI/ST

What is the cross sectional area of one

tie? (allowing for corrosion losses) Diameter of tie Dia :#22.9 mm

(Dia)?
4

Therefore Area A:i=n A =411.871 °mm2

1]
W

What is number of ties per beam length? n:

. ?
What is the clear skew span? L:=9.03 m

2
ot 1)A As=273.668°mm

S L m

Specific area of tie

A

Non-compliant if less than 260mm?2/m

What is maximum tie spacing? S$:=1.524m
Non-compliant if greater than 3.0m for wrought iron/steel

Pass

Pass

Are ties located within crown of external arch?
If so, then fail Cl or possible fail for Wi/steel

Pass

Does external bay construction provide alternative lateral restraint? (ie not soft edge)?

If so, pass.
If not, are ties provided in first Jack Arch bay? if yes,

treat as 3a (or 3b). otherwise fail.

Pass

Notes: (1) Results also in loss of D/d (composite action) for cast iron beams
(4) A trial hole should be undertaken to confirm the existence of structural backing if there is any doubt.



PRO FORMA FOR EMPIRICAL ASSESSMENT OF BRICK, MASONRY AND CONCRETE JACK
ARCHES AND ASSOCIATED TIES
(To be included with the Assessment Report Calculations)

l BRIDGE/LINE NAME: Southfleet Station Road / Gravesend West Branch I

l RAILTRACK NO: END /709 |

Assessment should include completion of all three Sections even where Section 1 has shown
the bridge deck to be non-compliant.

SECTION 3 CHECKS FOR DEFICIENCY

Ta/lpe Defect Empirical Assessment Pass/
o :
Fail
o o Cl Decks Wl/Steel |
Decks
6 Rotation of supporting beam Fail Fail Pass A
7 Horizontal displacement of supporting beam Eail Fail Pass g |_—
N o
8 inadequate support to springings eg corrosion . . . . Pass <\
of bottom flange of supporting beam over a Possible Fail | Possible Fail o f e %‘*’*‘} B
significant length, missing bedding mortar D357 e
9 Transversely bowed bottom flange of supporting Fail Fail Pass \A/
beam
10 Cracking at crown of arch owing to spreading Fail Fail Pass ,J/
of springings (other than 12, 13)
11 Distortion and any associated cracking of jack Fail Fail Pass i
arch barrel
12 Arch crack resulting in substructure crack Fail Fail (5) Pass L
13 Substructure crack or other distress resulting in } Possible Fail | Possible Fail Pass |
crack to jack arch () (3)(5) ~

Notes: (3) 'Substructure renovation' or ‘Monitoring’ as appropriate; ‘Repair of arch’ (if appropriate)
(5) Not applicable in general to longitudinally spanning arches.





