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1.

Introduction

Managing highways structures requires considerable resource. Balancing the need to minimise
the risk to public safety (and maintaining sufficient data on structures) whilst also ensuring the
effective and efficient use of resource is often a difficult task. Historically, despite allowance in BD
63/07 (Clauses 3.34 to 3.38), and past incarnations of it, to risk assess structures and flexibly
inspect them, the arbitrary Principal Inspection interval of six-years has consistently been kept to.
In doing so, it may be argued that the finite resources available to public bodies are not effectively
used. Acknowledging this, the Welsh Assembly Government and Atkins have developed a simple
risk assessment tool to inform engineering judgment and assist the on-going management of
structures.

The risk assessment, developed by Atkins for the Welsh Assembly Government, is a simple, quick
and accessible programme. The user requires little engineering knowledge to complete the
assessment data, but does need basic structural information, from the BE 11/94 and the Roads
277 Form. The objective has been to create a fit-for-purpose’ programme, able to assist and
inform, but not replace engineering judgement.

This User Manual explains where all information relevant to each question can be found. This
covers simplistic illustrations of how the BE 11/94 and Roads 277 Form can be used to inform the
risk assessment, as well as further advice on other select questions. This User Manual does not
seek to explain the answers, or point-scoring methodology for each question, but simply looks to
advise the user on where answers can be found. Additionally, the User Manual explains the
importance of information gathering before embarking on the risk assessment process.

Finally, the simplicity of the User Manual reflects the approach undertaken during the production
of the risk assessment tool. Easy to use and to understand, it is not a theoretical justification of
how the certain conclusions have been reached. It merely serves to inform and advise anyone
that uses the risk assessment tool on how it should be completed.

5085301-001-008 — User Manual Rev D - Final.docx 6
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2. Document Navigation

To directly find advice on a specific question contained within the risk assessments, please follow
the hyperlinks contained in Sections 2.1 to 2.6 below:

For advice on the scoring system applied by the risk assessment, follow the hyperlinks below:

Scoring Risk
Weighting Scores

Scoring Guideline

[NOTE: in electronic format, to return the original page following selection of a hyperlink,
press CTRL and LEFT ARROW together.]

2.1 A - Culverts

ATKINS

Risk Assessment Question Hyperlink for guidance
A.1.1 What is the structural form? Using the Roads 277 — Culverts
Al
A.1.2 What are the constituent materials? | Using the Roads 277 — Culverts
A.2.1 What is the surrounding .
environment? Using the Roads 277 — Culverts
A2
A.2.2 What was access for the Gl like? Using the Roads 277 — Culverts
A.3.1 What is the culvert’s condition? Using the BE 11/94 — Culverts
A.3.2 Is the culvert susceptible to scour? | Using the Roads 277 — Culverts
A3 | A3.3Has the culvert been assessed? Using the Structural Assessment Report — Culverts
A.3.4 What condition factor was used? Using the Structural Assessment Report — Culverts
A.3.5 What is the age, relative to Design Using the Roads 277 — Culverts
Life? Risk assessing Age
A.4.1 What is the approximate cover? Using the Roads 277 — Culverts
A.4.2 What loading is applied to the Uisting e [FaseE 277 — Culiars
culvert?
A4
. Using the Structural Assessment Report — Culverts
2
A.4.3 What is the AAH HGV Flow~ LS e S6E0E 277 — Ol s
A.4.4 What is the Road Surface Using the Structural Assessment Report — Culverts
Category? Using the Roads 277 — Culverts

5085301-001-008 — User Manual Rev D - Final.docx 7
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2.2 B - Single-span Bridges

Risk Assessment Question

Hyperlink for guidance

B.1.1 What is the structural form?

Using the Roads 277 — Single-span Bridges

Risk assessing Structural Form — Single-span Bridges

B.1
B.1.2 What are the constituent Risk assessing Constituent Materials
materials? Using the Roads 277 — Single-span Bridges
B.2.1 What does the bridge span? Using the Roads 277 — Single-span Bridges
. : Using a Post-Tensioned Special Investigation (PTSI) Report
" 2
B2 5 Une [mihe poskEnsans: Using the Roads 277 — Single-span Bridges
B.2 | B.2.3 What was accessibility for GI? Using the Roads 277 — Single-span Bridges
B.2.4 What is height under bridge? Using the Roads 277 — Single-span Bridges
B.2.5 What is the bridge span? Using the Roads 277 — Single-span Bridges
B.3.1 What is the bridge’s condition? Using the BE 11/94 — Single-span Bridges
B.3.2 Is it susceptible to concrete : : :
attack? Using the BE 11/94 — Single-span Bridges
B.3.3 Is it susceptible to scour? Using the Roads 277 — Single-span Bridges
B.3
B.3.4 Has the bridge been assessed? | Using the Structural Assessment Report — Culverts
B.3.5 What was the Condition Factor? | Using the Structural Assessment Report — Culverts
B.3.6 What is its age, relative to : : .
Design Life? Using the Roads 277 — Single-span Bridges
B'.4'1 umitleaelng) & szt 1w e Using the Roads 277 — Single-span Bridges
bridge?
B4 | B.4.2 What is the AAH HGV Elow? Using the Roads 277 — Single-span Bridges

Using the Structural Assessment Report — Culverts

B.4.3 What is the Road Surface
category?

Using the BE 11/94 — Single-span Bridges

5085301-001-008 — User Manual Rev D - Final.docx
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2.3 C - Multi-span Bridges

Risk Assessment Question

Hyperlink for guidance

C.1.1 What is the structural form?

Using the Roads 277 — Multi-span Bridges

C.1.2 What are the constituent

Using the Roads 277 — Multi-span Bridges

c.1 materials? Risk assessing Constituent Materials

C.1.3 What is the bridge articulation? U§|nq o Rqads 2.77 S Mgltl-span ENllge s

Risk assessing Bridge Articulation
C.2.1 What does the bridge span? Using the Roads 277 — Multi-span Bridges
. : Using the Roads 277 — Multi-span Bridges
X ?

&22 [5 e ritge prstinsionse) Using a Post-Tensioned Special Investigation (PTSI) Report
€2 C.2.3 What was accessibility for GI? Using the Roads 277 — Multi-span Bridges

C.2.4 What is height under bridge? Using the Roads 277 — Multi-span Bridges

C'.2'5 wiliEEesEEs B et o e Using the Roads 277 — Multi-span Bridges

bridge spans?

C.3.1 What is the bridge’s condition? | Using the BE 11/94 — Multi-span Bridges

C.3.2 Is it susceptible to concrete i i B3 L — i sesn Efifes

attack?

C.3.3 Is it susceptible to scour? Using the Roads 277 — Multi-span Bridges
C.3

C.3.4 Has the bridge been assessed? | Using the Structural Assessment Report — Culverts

C.3.5 What was the Condition Factor? | Using the Structural Assessment Report — Culverts

C.3.6 What is its age, relative to Risk assessing Age

Design Life? Using the Roads 277 — Multi-span Bridges

C'.4'1 it JeEe g 6 alppliee! 1 e Using the Roads 277 — Multi-span Bridges

bridge?
C.4 | C.4.2 What is the AAH HGV Flow? Using the Roads 277 — Multi-span Bridges

C.4.3 What is the Road Surface
category?

Using the BE 11/94 — Multi-span Bridges

5085301-001-008 — User Manual Rev D - Final.docx
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2.4 D - Footbridges / Gantries

Risk Assessment Question

Hyperlink for guidance

D.1.1 What is the structural form?

Using the Roads 277 — Footbridges / Gantries

D.1
Dell2 What SUre e CEEL ! Using the Roads 277 — Footbridges / Gantries
materials?
D.2.1 What does the bridge span? Using the Roads 277 — Footbridges / Gantries
. : Using the Roads 277 — Footbridges / Gantries
. 2
L R Using a Post-Tensioned Special Investigation (PTSI) Report
D.2 | D.2.3 What was accessibility for GI? Using the Roads 277 — Footbridges / Gantries
D.2.4 What is height under bridge? Using the Roads 277 — Footbridges / Gantries
D.2.5 What access is there to the : : .
bridge spans? Using the Roads 277 — Footbridges / Gantries
D.3.1 What is the bridge’s condition? Using the BE 11/94 — Footbridges / Gantries
PLE2 I3 [ SUstErpiEls [ eemersts Using the BE 11/94 — Footbridges / Gantries
attack?
D.3.3 Is it susceptible to scour? Using the Roads 277 — Footbridges / Gantries
D.3
D.3.4 Has the bridge been assessed? | Using the Structural Assessment Report — Culverts
D.3.5 What was the Condition Factor? | Using the Structural Assessment Report — Culverts
D.3.6 What is its age, relative to Using the Roads 277 — Footbridges / Gantries
Design Life? Risk assessing Age
D.4 2t it [<ine) @ (e i) (s B7peel Using the Roads 277 — Footbridges / Gantries

applied to the bridge?

5085301-001-008 — User Manual Rev D - Final.docx
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2.5 E - Retaining Walls

Risk Assessment Question

Hyperlink for guidance

E.1.1 What is the structural form?

Using the Roads 277 — Retaining Walls

E.1
E.l2 What are the constituent Using the Roads 277 — Retaining Walls
materials?
. . Risk assessing Adjacent Land Properties
2
2.1 el 1 U2 il SR 0 Using the Roads 277 — Retaining Walls
E.2 | E.2.2 What was accessibility for GI? Using the Roads 277 — Retaining Walls
E.2.3 What is the retained height? Using the Roads 277 — Retaining Walls
E.3.1 What is the wall’s condition? Using the BE 11/94 — Retaining Walls
E.3.2 Is it susceptible to concrete Using the BE 11/94 — Retaining Walls
attack?
E.3.3 Wh_at is the environment Using the Roads 277 — Retaining Walls
surrounding the wall?
=9 E.3.4 Is it susceptible to scour? Using the Roads 277 — Retaining Walls
E.3.5 Has the wall been assessed? Using the Structural Assessment Report — Retaining Walls
E.3.6 What was the Condition Factor? | Using the Structural Assessment Report — Retaining Walls
E.3.7 What is its age, relative to Risk assessing Age
Design Life? Using the Roads 277 — Retaining Walls
E.4.1 What loading is applied around | Risk assessing Live Loading Conditions
the wall? Using the Roads 277 — Retaining Walls
E4 522 LS L e st L (ERY Aoit @1 Using the Roads 277 — Retaining Walls

any roads affecting the wall?

E.4.3 What is the Road Surface
category on roads near the wall?

Using the BE 11/94 — Retaining Walls

5085301-001-008 — User Manual Rev D - Final.docx
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2.6 F — Technology Structures

Risk Assessment Question

Hyperlink for guidance

F.1.1 Is the structure a standard
design?

Using the Roads 277 Form — Technology Structures

F.1
. . Risk assessing Technology Structures
2
F.1.2 What is the foundation type? Using the Roads 277 Form — Technology Structures
F.2.1 Is the majority of the structure
F.2 | accessible and accessed during the Using the Roads 277 Form — Technology Structures
last GI?
F.3.1 What is the condition of the .
structure? Using the BE 11/94 Form — Technology Structures
F3 F.3.2What s i lati
e _at 151 2, Eleive 1 Using the Roads 277 Form — Technology Structures
Design Life?
F.4 F.4.1 Does the structure have fixed Using the Roads 277 Form — Technology Structures

ADS or Electronic signs?

5085301-001-008 — User Manual Rev D - Final.docx
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3. Information gathering for desk study

The first part of completing the risk assessment is to gather the relevant background information
relating to the structure. This is, however, not an exhaustive process where box upon box of
archive information needs to be located. The only documents required are:

e The Roads 277 form (required);

e The most recent BE 11/94 General Inspection form (required);

e  The most recent Principal Inspection (optional);

e  The most recent Structural Assessment Report (optional);

e Any associated material (e.g. a Post-Tensioned Special Investigation) (optional).

The bulk of the risk assessment can be completed using the Roads 277 and BE 11/94. Having
additional information, however, will help the risk assessment process.

3.1 Roads 277 Form

This form gives basic facts about the structure, ranging from form of structure, year of
construction, design loading and surrounding environment. Advice on using the 277 Form for each
of the structure risk assessments can be found using the following links:

Using the Roads 277 — Culverts

Using the Roads 277 — Single-span bridges

Using the Roads 277 — Multi-span bridges

Using the Roads 277 — Footbridges / gantries

Using the Roads 277 — Retaining walls

3.2 BE 11/94 Form

This document details the findings of the biennial General Inspection, giving recent condition
‘data’ on the structure being risk assessed. Advice on how to best use the BE 11/94 Form for each
of the structure risk assessments can be found using the following links:

Using the BE 11/94 — Culverts

Using the BE 11/94 — Single-span bridges

Using the BE 11/94 — Multi-span Bridges

Using the BE 11/94 — Footbridges / gantries

Using the BE 11/94 — Retaining walls

5085301-001-008 — User Manual Rev D - Final.docx 13

ATKINS



Welsh Assembly Government
Risk-based Principal Inspections:

User Manual

3.3

3.4

3.5
3.5.1

Principal Inspection Report

This provides a much more detailed insight into the structure’s condition than that provided in the
BE 11/94 as it documents a physical inspection of all visible elements of the structure. If available,
this should be used to reinforce the condition information seen on the BE 11/94.

Structural Assessment Report

A Structural Assessment will contain the assessed load capacity of the structure, as well as the
condition factor. Bridge assessment programmes, carried out in accordance with DMRB Volume
3 (see BD 21/01, BD 44/95, BD 56/96 etc) have been undertaken for a variety of reasons,
particularly over the last 20 years or so. These have predominantly been done to take into
account changes in concrete, steel and design standards, as well as complex loading conditions,
caused by the advent of heavier vehicles. These assessments, however, did not cover all
structures on the road network. For structures that were assessed, detailed reports were
produced, specifying their load capacities. These Structural Assessment Reports, if available, can
be used to inform the risk assessment process.

When completing a risk assessment, questions may refer to what the ‘status’ of the structure is
with respect to this retrospective assessment. Advice on how to approach these questions can be
found using the following links:

Using the Structural Assessment Report — Culvert example

Using the Structural Assessment Report - Retaining wall example

Additional Reports

Post-Tensioned Special Investigation

If the constituent material of a bridge is post-tensioned concrete, it is highly probable that it will
have undergone some kind of further investigation, possibly a Post-Tensioned Special
Investigation (PTSI). This should have determined the current status of the structure.

Post-tensioned concrete bridges are particularly vulnerable to corrosion and severe deterioration
where internal grouting of tendon ducts is incomplete and moist air, water or de-icing salts can
attack the post-tensioning tendons. The ingress of water and salts into tendon ducts is most likely
at joints in segmental construction, other construction joints and anchorages at the ends of
members.

Existing post-tensioned concrete bridges with grouted tendon ducts may need to be examined in a
Special Inspection Programme over a 5-year period. Advice on undertaking this programme is
given in BA 50/93: Post-Tensioned Bridges — Planning, Organisation and Methods for Carrying-
Out Special Investigations.

When completing a risk assessment, questions may refer to what the ‘status’ of the structure is
with respect to any additional assessment, particularly a PTSI. Advice on how to approach these
questions can be found using the following link:

Using a Post-Tensioned Special Investigation (PTSI) Report

5085301-001-008 — User Manual Rev D - Final.docx 14
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3.5.2

Concrete Deterioration Special Investigation

Alternative additional investigations may have been undertaken to identify the presence of serious
concrete deterioration. The visible symptoms should have been recognised at either General or
Principal Inspection stage, but findings at those stages would not have been in-depth enough to
enable an accurate analysis of the problem.

The reasons that concrete deteriorates can be attributed to either design and construction errors
and / or environmental effects. Correct diagnoses of the problem are essential before engineers
can confidently go-ahead and restore defective concrete. In addition, a systematic analysis must
be undertaken to determine the causes and extent of the damage. The source of the problems
can range from an excessively slender design to poor workmanship; to shrinkage or insufficient
contraction / expansion tolerances.

Risk assessment needs to consider whether environmental effects are known to be a major
contributor to concrete deterioration. These environmental problems can often take the form of
alkali-silica reaction (ASR), alkali-carbonate reaction (ACR) and thaumasite sulphate attack (TSA).
All three can be very damaging to concrete and if present, will require investigation. When
assessing the risks associated to any concrete structure, a history of concrete attack must be
carefully considered. Knowledge of the geology of an area and typical aggregates used in
concrete will be of benefit.

When completing a risk assessment, questions may refer to what the ‘status’ of the structure is
with respect to any history of ASR, ACR or TSA. Advice on how to approach these questions can
be found using the following link:

Using Concrete Deterioration Investigation Report

5085301-001-008 — User Manual Rev D - Final.docx 15
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4. Culverts

Having gathered all available information about a culvert, completing the risk assessment should
be simple. In all cases, the BE 11/94 and Roads 277 Form are a necessary part of the information
required.

4.1 Culverts Questionnaire

All questions capable of being answered by directly taking information from a BE 11/94 or Roads
277 Form are illustrated in Figures 4.5 - 4.8. Other questions, which may not have direct answers
in either of these forms, are described in Sections 4.1.1. and 4.1.2 below. The advice given on
these subjects is helpful for all other structural types and not just for culverts.

4.1.1 Using the Structural Assessment Report — Culverts

How does having, or not having, a Structural Assessment Report affect the risk assessment?

Both options here reflect a

level of certainty regarding These four options reflect a level of
the culvert's status, with uncertainty as to the status of the bridge,
respect to assessment. They with respect to assessment. They are scored
are scored positively as a negatively as a result.

result.

e £.3.3. Has the culveMNgen assessed s so, does its assessed capacity meet current standards?  ~_

Yes !/ NE_W Assessment not BO 79 manitating |- Mo - a load limit is in Either no assessment, | Don't know - Gao tc
canstruction required programrme place OR dan't knaw guestion A5
(post 1993) in (-2)

i) ) ()

SCORE {x;) : SCORE (v !—1]/
/‘rﬁ.’ﬂﬂmeﬂ has been assessed, what Condition F3 sed for assessme@/\

(1

Greater than 0.90 Between 0.70 and 0.90 Between 0.30 and 0.70 Mone used
@ 1) 2] ()
SCORETX MAX. PO

If a guantitative ‘assessment by calculation’ was If a gqualititative ‘assessment’

done, find the Condition Factor from the was done, no Condition Factor will

Assessment Report, so choose one of the 3 have been used, so choose the

options provided. fourth option.

Figure 4.1 Risk assessing a Structural Assessment Report - Culverts
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4.1.2 Risk assessing Age

How does the age of a structure affect the risk assessment? The Design Life for a structure can
vary from 30 up to 120 years, depending on the type of structure. On occasions, a bridge owner
may also have stipulated a different design life from what would normally be expected.
Consequently, it is important to validate the value for each structure. A structure which is less than
70% of its Design Life, but not new, is expected to be at lowest risk of deteriorating. Whereas a
new bridge is yet to be ‘proven’, an old bridge is approaching the end of its Design Life and may
be expected to deteriorate.

If culvert is 42 years old (see Roads 277
form) and has a normal Design Life of
120 years, it is at 35% of its DL, putting it
in the “5% < DL < 70%" category.

4

104 A.3.5. What iz the age of the culvert in relation to itz approximate (or known) Dezgign Life?

105

1 5% <DL =T70% T0% < DL 5% =DL Don't know
L 0 0 (0 g
108\ ! ! ! '
108 ~—_  —

110 SCOREf(ss) | | MAX. POSSIELE SCORE (y) 1

111 !

Figure 4.2 Risk assessing age relative to Design Life
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4.2 Using the Roads 277 — Culverts

) A.2 INSPECTION DATA

STRUCTURE NAME

|Bathany cubart

A.2.1-Was access for the
General Inspection
confined or difficult? As

MHALNW

A.3 CONDITION DATA

Stucturg bio. [BA0ET0 G50 | Ratiral
A3.2-1s  the  culvert | yaiweema | e et
susceptible to scour? This L oo  |[rombdemie oy o [
question is  answered ‘mklwﬁdmc“, | Fam Eeplemberos ]
directly by the Roads 277
form in this section. | weenagagm
) For Sinuchuare Data of Laet Princigal
Further advice on scour L F I i ]
For Fcad Surla
assessment can be found Mrneghge —~ (AL |
in BA 74/06 e
I . \
¥aIr STUCtTa o [Exended 1822 ) Isiro Srucum susmpitk 1o YES
Dazign CiTam ¥ - 1 Ixira Siuciora on e HighLcad Reva ? ¥ES
Dioa s i rosad g™ Isiha Siucine on e Hoavy Load Rouke® YES
e Siuchre sdedded as an Andani Mo ¥YES

k0 o SIRIKTY LN makar s aVng sanvia s on e

Wealsh Waler, BT, Swalec and Transce nearby

i F2.0ream R N @ " und e
Mol Trunk: noad 5

with this example, these
boxes may be left blank. If

N Eowrd! 'W. Bourd i L icexd + 45 Liniks HE
- so, move on to other
g mangwevarsen [ | . . .
indicativ vidence. For
Spacid loadrgiasiriion Boa | dicative evidence °

example, a photograph of

Makrals:

the culvert will often show

Dok Wiall ¢ M (ag'n siu FE

how easy access and

visual inspection was.

Typa al

[220mm ame: gips nside arlgmal masonry ar T

cubrert with S00Mm conos s pips sxEnoion

End Supp i og Shalaton Aukmanh

/

A.1 HISTORICAL DATA

A.1.1-What is the
structural form of the
culvert? A.1.2-What are
its constituent materials?
This information should
be readily available from
the Roads 277 form here.

In  this example, the
culvert is an ARMCO

A.4 USAGE DATA

A.4.2-What loading is typically
applied to the culvert? This gives
details of what goes over the
culvert. Whether it takes highway
live loads is then self-explanatory.

A.3 CONDITION DATA

A.3.5-What is the age of the culvert in
relation to its design life? One can easily
work out the age as it is given here. But
how can we know what the culvert's
Design Life would be? See Section 4.1.2

A.2 INSPECTION DATA

A.2.1-What is the environment in and around
the culvert? Look at the photograph-it is often
obvious as to whether you have a
predominantly dry culvert or wet culvert.
Again local knowledge will be of use.

steel pipe inside a
concrete surround.

Figure 4.3 - Using the Roads 277 to risk assess culverts (Page 1 of 2)
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Dimensional Elevation, Cress Section and Com penants of Structure. ROADS Z7TIREY 494)
Inclicate all matenals of construction, g seslwrought iron, cast iron, concrate, brick stons sz,
Inclicate rosdwey and pawement widths of the reference road.
A.4 USAGE DATA
A.4.1-What is the
e approximate cover above
N — R B S— . S
|| — ] ——— E— the culvert? Use the
_ ] e ——— — = elevation to inform your
R ——— "| - e — I!—_T_ judgement if dimensions
— - il || aren’t  available. For
“‘-\\ - [ 7 — example, this  culvert
S o would have a cover of
~ | e between 0.6m and 3m.
\_\ /_’x
———— /”
; .-'{ 1
|--_"|;| - rl.]"'
N L] oo,
COMCRETE HEADWWALL | | || seeeoucrax il |l | | ' ( \T\
|| /|| N |
B e ain ey’
wb 1280 = . | N _//f|_ I
UPSTREAM ELEVATION
Lu TREA T
Mlarufachrsr Tvps Manufacirar Tips Prosifion
Pre ke ssing System Eoarings' Mo
Pant Syskem: | Parapel Joirs' GES
Intzmal Farapels Mol Frown Cpen bax beam sakty Bl sides of carragew ay
fencimg
Easmal W asmpracfng  [Noe
Hadcate on shech abors

Figure 4.4 - Using the Roads 277 to risk assess culverts (Page 2 of 2)
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4.3 Using the BE 11/94 — Culverts

)
Pl L

s Semtad G
‘Virph Fecarsidy Camr el

BE 11/54

TRUNK ROAD / MOTORWAY STRUCTURE INSPECTION REPORT

Structure No.

Agent Name

Structure Name

Date of Inspaction

[a[4]o] [e]7]of [c]s]o] |

| South Wales Trunk Road Agency |

[pathany cuert

[1 2] Jun

[z 008

Defect Assessmeant

1.Foundations

2. lnverts or Aprons

3.Fenders

4.Piers or columns

5.Abutments

£.Wing Walls

7.Retaining W alls or Revetments
2.Approach Embankments

9.Bearings

10.Main Beams / Tunnel Portals / Mast
11. Transverse Beams / Catenary Cables
12. Diaphragms or Bracings
13.Concrete Slab

14 Metal Deck Plates Tunnel Linings

Owerall Assessment

Estimated
Cost (£)

Type of Inspection”

Exfent

Agent Code

Grid Ref

[1]e]e]e]o]2][1]s]e]0]

From Span

Severity Work

al el ]

To span

o] 1]

Inspected by |

M.Morgan / M.Hughas |

case Tick

Comments

B

Mo evidence of setiemernt

A.3 CONDITION DATA
A.3.1-What is the condition of
the structure, as noted by the
General Inspection?

Using a combination of the
Engineer’s overall
assessment (Good, Fair or
Poor) and other comments in
the BE 11/94, a valuable
picture of the culvert's
condition can be formed.-and
allow the questions posed by
the Risk Assessment to be
answered.

1

0000

[l

Diownstream retaining wall in poor condition

Please tum over

Figure 4.5 - Using the BE 11/94 to risk assess culverts (Page 1 of 2)
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Reasons for Pricrity Allocation

Signed

Estimated BE 11/94
Cost (£) Extent Saverity Weork Prriority PD Comments
Defect Assessment {cont)
15. Jack Arches
16. Arch Ring / Comugated Metal 50000 D 3 R L Cornugated steel pipe comoded.
17. Spandrels A 1
18. Tie Rods
W B 2 N Poor pipe outet comrastiom-hteculyart _
20. Waterproofing \\
21. Surfacing A 1 A
m —_—
23. Expansion Joints o
24, Parapets / Handrails 2000 D 3 c M \Weam blockwork parapet in poor condition
25, Access Gantries or Walkways
26. Machinery o~ A.4. USAGE DATA
32, Dry Stone Walls \ A.4.4-What is the Road
22, Troughing Surface Category? As a

formal structural

7. Masonry retaining wall in unsafe condition and requires repair- M.

16. Pipe inspected from inlet and outlet. Invert of pipe badly corroded. Accass difficult due to size
of pipe - confined space. Remedial works required, not urgent - L.

24. Concrete blocks fonming downstream parapet are of poor quality and are badly weathared.

Sections of parapet can be removed as padestrian containment is provided by existing timbear fance - M.

Assessment Report may
not be available for a
culvert, looking at this
section of the BE 11/94
can give good guidance
as to what the recent
condition status of the
road surfacing is. Is it
good, or has it

deteriorated?

Name Meil Morgan

Date 1 2. 6.

2 008

Figure 4.6 - Using the BE 11/94 to risk assess culverts (Page 2 of 2)
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5.1

5.1.1

NATKINS

Single-span Bridges

Having gathered all available information about a single-span bridge, completing the risk
assessment should be straightforward. In all cases, the BE 11/94 and Roads 277 Form should be
a necessary part of the information required.

Single-Span Bridges Questionnaire

All questions capable of being answered by directly taking information from a BE 11/94 or Roads
277 Form are illustrated in Figures 5.6 - 5.9. Other questions, which may not have direct answers
in either of these forms, are described in Sections 5.1.1 - 5.1.3 below. The advice given on these
subjects is helpful for all other structural types and not just for bridges.

Risk assessing Structural Form — Single-span Bridges

How does the structural form of a single-span bridge affect the likelihood of deterioration? The
main things to look at are, unsurprisingly, historical performance (e.g. any known problems with
durability or robustness) and the degree of redundancy associated with a specific form of
construction. The rationale behind many of the structural forms chosen is illustrated in Figure 5.1:

An integral bridge, with the
added benefit of being on bank

With a deck comprising a
number of individual
members, in the unlikely event
of failure collapse can be
instigated from a weakness in
one part of one member.

Unlike the beam and slab deck,
the collapse of a slab deck
needs multiple  progressive
failures to occur. Cracks should
be picked up during biennial Gl
giving plenty of scope for a
management programme of the
bridge to be started.

seats, has the positive
characteristics of not having
bearings or joints, as well as
having been designed to take
integral loads. With smaller
abutments, the soil interactions
are easier to predict. In
summary, a good durable form.

/.

/'

/.

M1. What is the structural form of the sheebseal

Bearmn and slab / jack
arch /filler beam

)

Arch
(1

\/

SCORE (x,)

]

Integral with bank-seat
abutments / boy structure

Integral with full-height
abutments

0

)
(2)
%OSSIBLE SCORE {y,)

An arch, like a slab,

be implemented.

progressively with defects like cracks
becoming apparent over time. These
would get picked up at biennial Gl the soll
allowing a management programme to

will  fail

Like all integral bridges, this option represents a
durable structure undergoing progressive failure. The
presence of full-height abutments, however, means
interactions
predictable. In addition the relatively recent adoption
of this form means that we lack an historical
perspective on potential issues related to them.

are complex and less

Figure 5.1 - Risk assessing Structural Form of single-span bridges

5085301-001-008 — User Manual Rev D - Final.docx

22




Welsh Assembly Government
Risk-based Principal Inspections:

User Manual

5.1.2 Risk assessing Constituent Materials

How does the constituent material of a single-span bridge affect the likelihood of deterioration?
Similarly to structural form, the main factor to consider is historical performance. The rationale
behind each of the constituent materials chosen is illustrated in Figure 5.2 below:

Modern steel has
much less variability
in quality and
strength.  Improved
welds mean that few
problems should be
encountered  with
this product.

Historical knowledge
tells us that brittle
failure can stem
from crack
propagation in cast-
iron structures. A 6
monthly special Pl is
required in
accordance with BD
63/07.

NATKINS

Some forms of post-

Reinforced concrete
is a widely used
material with a good
track record over
100+ years. We
know how it
behaves. Fatigue
problems are very
rare.

tensioned bridges (BA
50/93) are susceptible to
catastrophic brittle failure.
A Post-Tensioned Special
Investigation may have
been done, or be
required. Further
investigation of the risk is
required here.

——— — ;

B.1.2. JWhat is the constituent material of thi structure? /

Cast
iran (Congider
Special
Inspectiuns)

Pracast
prestressad
concrete

In-gitu
reinforced
caoncrete

Post-
tensioned
cancrete

Modermn steel
post 1975,
welded

(1)

NS

SCORE (x)

oteel pre-19
wraught iron,
rivated

0

I

Brick /
stone

teinforced
cancrete
Consider Specfal

\nspection
AN

Pre-1975 steel has A recent development, A factory-made Brick / stone forms
a more variable BD63/07 requires a 6 product, quality of construction tend
quality on account of monthly inspection for and durability to be low stress in
its age. Although the first two years to should be of high nature. Decay is
multiple rivet check bonding and the standard. visible and gradual
arrangements give general condition. The and would be
redundancy if one or presence of plate- spotted by biennial
more fails, there are, bonding often indicates Gl.

however, often that the original

corrosion traps. structure  has been

strengthened.

Figure 5.2 Risk assessing constituent materials of single-span bridges

5.1.3 Using a Post-Tensioned Special Investigation (PTSI) Report

If the constituent material in 5.1.2 is post-tensioned concrete, it is highly probable that the
structure will have undergone some kind of further investigation, possibly a Post-Tensioned
Special Investigation (PTSI).

Post-tensioned concrete bridges are particularly vulnerable to corrosion and severe deterioration
where internal grouting of tendon ducts is incomplete and moist air, water or de-icing salts can
enter the ducting system. The ingress of water and salts into tendon ducts is most likely at joints in
segmental construction, other construction joints and anchorages at the ends of members.

Existing post-tensioned concrete bridges with grouted tendon ducts are required to be examined
as part of a Special Inspection Programme over a 5-year period. Advice on undertaking this
programme is given in BA 50/93: Post-Tensioned Bridges — Planning, Organisation and Methods
for Carrying Out Special Investigations.
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This advice note states: ‘Most forms of in-situ post-tensioned monolithic construction carry little
risk of sudden structural collapse. Solid slabs and voided slab decks represent the safest form of
construction. Monolithic beams with or without composite slabs and monolithic forms of box
construction are all unlikely to collapse without prior warning. Providing there are no built-in planes
of weakness arising from construction joints, there is a low probability of all the prestressing
tendons across a deck failing at specific transverse sections.

In comparison with monolithic construction, all types of segmental bridge decks have a higher
probability of a sudden mode of collapse. Many forms of segmental construction have been used
for both simply supported and continuous bridge decks. The basic distinctions that can be made
between them relate to the direction of the joint, the joint material and the width of the joint™.

The need to maintain an appropriate level of public safety leads to a system of classification for
segmental post-tensioned bridge decks. The broad categories of segmental decks (see Figure
5.3) are intended to illustrate the degree of risk of a brittle mode of failure associated with various
types of post-tensioned structure. Where the risk is high, special monitoring and testing
procedures should be considered for the site investigation. Sudden failure is more likely where
there is no secondary reinforcement across the joints.

A variety of segmental bridge decks have been constructed without any form of composite action.
In the extreme case of simply supported segmental beams, it is necessary to consider monitoring
methods to provide a reliable warning of imminent failure. A combination of specialist techniques
can be applied, but the technical approach needs very careful planning and considerable
experience. Longitudinal cracks may indicate that tendons have severed and re-anchored, and
these cracks should be investigated and monitored with suitable instrumentation.

The probability of a sudden mode of collapse is reduced when simply supported segmental
beams are transversely connected to form a grillage.

DECK JOINT DIRECTION ELEMENT TYPE RISK OF
TYPE BRITTLE MODE
OF FALURE
Simply supported Transverse Beams WVery hugh
(non-composite) o . .
Longitudinal and transverse | Beam grillage High
Transverse Box girders High
Lengitudinal Monolithic beams with Very low
transverse prestressing
Simply supported Transverse Composite beams with Medium
(composite) in-situ top slab
Transverse Composite beams with Low
11-situ top and bottom
slabs
Continuous Transverse Composite beam and Low

slab, and box girders

Figure 5.3 Risk classifications of post-tensioned bridges in accordance with BA 50/93

! DMRB BA 50/93: Post-Tensioned Bridges — Planning, Organisation and Methods for Carrying Out Special
Investigations
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5.2 Using the Roads 277 — Single-span Bridges

77

ROADS 277(REV 4/94)

STRUCTURE NAME [TREFIL HALT ROAD OVERBRIDGE

[Aa8s 740

Vo

Nasonal

Structute No

God Rl

B.3 CONDITION DATA

A

B.4 USAGE DATA
B.4.1-What loading is
typically applied to the
bridge? The loading
that the bridge has
been designed for is
shown here.

B.3.3-Is the bridge

susceptible to scour? This

question is answered @dul

aigganing Agont

For Road Surtace  |BLAENAU GWENT C8C ]

}
WO Fiadal [ i
Cumentts  [BLAENAU GWENT CBC ] Date of issue of
Farm AUGUST 2004 ]
Previcus LA [GYWENT COUNTY COUNCIL 1
For sucre [SEVALES Th AGENGY ] ot of Lacat mabeaspad
nicuction  [AUGUST 2004 ]

Structure Owner (F not WO )

directly by the Roads 277

S 161

] [ |

s

form in this section.

Further advice on scour
assessment can be found
in BA 74/06

Dessgn Office

Does ths road go “owesknder

Raiwmary Bridge Number

% ha RiveoTanal Tal?

& tha RiverTanal navgable?
AtonCrakops

Yaur Structue Commasionad,

"Radaay. ConatHame, fcud 7

ructirs suscectitin 1 soour? ves [] wo

FENCEL, PALMER & (g | \ Iz the Siructurs on the ves [J s []
11igh Lood flous

s the Suctre on the ves [ ] w»o []

vy Load Routn?

a3 Jn Ancunt Monument?

L

= .,
-~z
A
i

Site Plan {1.2500)

i
A
f
Lk
¥
¥
}
;

o~

B.2 INSPECTION DATA
B.2.1-What does the bridge s
This gives details of what goes
or under the bridge.

B.3 CONDITION DATA

B.3.6-What is the age of the bridge in
relation to its design life? One can easily
work out the age as it is given here.
Design Life is typically 120 years, but

pan?
over

check with bridge owner.

Pt
b withnst (w5 b et PI0)

\!

-

[PORTAL FRAME
[
sesec) [VOIDED SUAB (PART OF PORTAL)

[
End Supports (g Stniekon Ablimerty [AC LEGS OF PORTALFRAME ]
[ANGED AT BASE ]
[NA y 4

W 4
VA

Natum of Foundations (ag Catisors)  [AEWFORCED CONCRETE SPREAD FQMRINGS|

Type of Construction [eg Solid

Form of Deck {eg Propped

Intermadiate Supponts (eg Seb W

<

B.2 INSPECTION DATA
B.2.3-Was access for the
General Inspection
confined or difficult?
B.2.4- What is the height
beneath the  bridge?
Judgements concerning
questions of how well a
visual inspection could
have been carried out can
be made by looking at
these details.

B.2 INSPECTION DATA

B.2.5-What was visual accessibility to
the bridge like? Look at the
photograph-it is often obvious from
this as to whether GI would have
been difficult or straightforward.

B.1 HISTORICAL DATA

B.1.1-What is the
structural form of the
bridge? B.1.2-What are its
constituent materials? All
of the answers to these
questions posed by the
risk assessment should
be readily available here.

Figure 5.4 - Using the Roads 277 to risk assess single-span bridges (Page 1 of 2)
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Di lonal Elevation, Cross Section and Components of Structure. ROADS 277(REV 4/%4) |
Indicate all materials of construction, eg steel wrought ircn. cast iron, concrete, brick stone ate.

Indicate roadway and pavamant widths of the reference road and also of the cressing road where approprate (Include spans)
Indicate type and pesition of bearings and jcints,

_
d
L
s
ity B

£ Lty

LDt

ATKINS

B.2 INSPECTION DATA

B.2.5-What is the span of
the bridge? Is it less than
10m, between 10 and
25m or greater than 25m?
All major dimensional
requirements can be
obtained from drawing on
Page 2 of the Roads 277.

—e

| a3 MIADG OF THE WAL LEY ROAD — BOUTE A4
SECTION I - DOWLAS TOP TO BRYNMEAR
l S02%| L e soun seect ! pajcaar
B 2 » MM AMRAG(MN)  [REATER S ]
Marslacarer Type Marcsdacturer Typs Postion
Prosressing System Beanngs® NA %NONE
Paint Systom  Parapet CROWN 5 COAT MIO SYSTEM Joires® UNKNOWN BURIED RADFLEX
Interral Parapets UNKNOWN P2 Slkph
MESH INFILL
External W sterproctng UNKNOWN 12mm MASTIC ASPHALY
e <o shakh above

Figure 5.5 - Using the Roads 277 to risk assess single-span bridges (Page 2 of 2)
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5.3 Using the BE 11/94 — Single-span Bridges

%

Liywiodncth Cpuliad Cprou

Trunk Road / Motorway Structure Inspection Report

BE 11/94

Wtk Agcenbily Goresmrent

Strucwre Mo, (A a6 s [7[aJo] [ | | Agam Code [0 o [1] 1]

AgentName | SOUTH WALES TRUNK ROAD AGENCY |  GrdRe [2 71 a2 215105 0
Structure Name | TREVIL HALT ROAD OVERERIDGE | FromSpan To Spaz

(161}

B.3 CONDITION DATA

B.3.1-What is the condition
of the bridge, as noted by
the General Inspection?
Using a combination of the
Engineer’s overall

Daze of [oia]rivis]|2taiots]| Type of Inspaction* L o N - Inspacted by | R Poulton ¢
g 0 1 1T U N 1 8 8 3 assessment (Good, Fair or
Orverall Assessment® G I:l F B - $Please nck POOI’) and other comments
in the BE 11/94, a valuable
Defect Assessment Estimated Extent Severity Work Priority PO Comments p'Ct“_re_ of the brldge S
Cost [£) condition can be formed.-
1. Foundation and allow the questions
2. Inverts or Aprons \ posed by the Risk
. . — Assessment to be
3. Fenders ! Safety Bamiars 8,000 (] /3 [ M Feplace low TCE's \
y. answered.
4. Piers or Columns / \ i
5. Abuiments ﬁ 2 M LargE repalrecl sactons, mew nmmg wthlrg.-l:—anhabes. B 3 CONDITION DATA
T . Some repalniing of masani uired. Loosh block at tap of MW - 1
8. Wing Walls 1500 c 2 R L 'Mn[_r.\all.F Caéﬁg spalied grgg wingwiall. F B.3.2 IS. the brldge
undergoing suspected
7. Retaining Walls cr Revetments concrete attack? If it is. the
8. Approach Embankments B 2 ] Cvergrown evidence should be
8. Searings recorded on the BE 11/94.
10.  Main Beams { Tunnel Portals [ Mast \ / A .Competent InspeCt.mg
. Engineer would certainly
11. Transwverse Beams { Catenary Cables \\ / comment on the kind of
12.  Diaphragms or Bracings N / damage caused by ASR or
Kulliple concrete repal orcompaction, leachates and e ACR if seen during the GI.
13, Concrete Sab o | ] » Mt corcte spatptf por coctn g
14, Metal Deck Plates / Tunnel Linings \\
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BE 11/94
Defect Assessment [cont) Eéf;;a[tse:ld Extent Severity Work Priority PO Comments
18.  Jack Arches
18.  Arch Ring / Corrugated Matal
17.  Spandrels
18. Tie Rods
— _—
B \
Waterproofing B (Mo evidence of probiems) >
5000 o] 2 C L Warn with paschestrial git renstatement.. P
22, Service Ducts B —C=
23. Expansion Joints -
24, Parapets / Handrais 10,000 o 4 R H Boftom rall comoded away on west, generally poar elsewners B.4. USAGE DATA
28. Access ganiries or walkways B.4.3-What is the Road
28. Machinery Surface Category? Again,
a competent Inspectin
32, Dry Stone Walls . P P . g
Engineer would certainly
33.  Troughing comment on any
deterioration or  sub-
Reasons for priority allocation 3: Vihicle safety - M standard surfacing on the
bridge, and would note it in
fi: Early action will reduce life-time cost— L this section if it was seen
I1: General mainfenance — L durmg Gl.
14: Vehicle safery - H
Mame | R Poulton |
Signed | R. Poulton
Date [ 0307108 |

Figure 5.7 - Using the BE 11/94 to risk assess single-span bridges (Page 2 of 2)
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6.

6.1

6.1.1

Multi-span Bridges

Having gathered all available information for a multi-span bridge, completing the risk assessment
should be straightforward. In all cases, the BE 11/94 and Roads 277 Form should be a necessary
part of the information required.

Multi-span bridges will often be the largest of the five structural types being risk assessed. These
bridges are multi-span because they need to cross large obstacles such as rivers and motorways.
The main difference, therefore, between the multi-span bridge risk assessment and the single-
span bridge risk assessment is accounting for differences in articulation and overcoming
difficulties in getting a good visual inspection.

Multi-Span Bridge Questionnaire

All guestions capable of being answered by directly taking information from a BE 11/94 or Roads
277 Form are illustrated in Figures 6.4 — 6.7. Other questions, which may not have direct answers
in either of these forms, are described in Section 6.1.1 below. The advice given on these subjects
is helpful for all other structural types and not just for bridges.

Risk assessing Bridge Articulation

How do different bridge articulations affect the risk of deterioration? As with single-span bridges
the main thing to consider is historical performance. Secondly, the degree of redundancy
associated with various bridge articulations is also worth consideration. The rationale behind each
of the various bridge articulations chosen is illustrated in Figure 6.1 below:

NATKINS

No bearings or joints Minimal joints mean Historical performance tells us that
mean enhanced durability. enhanced durability. half-joint and hinge bridge decks can
This articulation requires Failure requires cause problems. A special
multiple failures and has deterioration in more investigation should have been done.
slow, progressive than one span and in If not, one will be needed and an
deterioration mechanism. multiple areas. ongoing management strategy
determined.
/‘\ .1.3. What is the-srt®aijon of the struciuse? ,\,\

Half joint / hinged
decks

Simply supporte
spans
(0)

Integral on
bankseats

Integral on full
height abutments
(0

Continuous
(1)

(1) (0}

SCORE (x,) MAX. POSSIBLE SCORE (y)

No bearings or joints mean enhanced Many joints and bearings mean
durability. This articulation requires more durability issues. Each
multiple failures and has slow, span is, in effect, a separate
progressive deterioration. On the structure, so a 3-span bridge is
whole, however, this type currently has 3 single-span bridges, with all
greater unpredictability due to complex the potential problems that
soil — abutment interaction. accompany it.

Figure 6.1 — Risk assessing bridge articulation - Multi-span bridges
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6.2 Using the Roads 277 — Multi-span Bridges

-’,gn‘;

ROADS 277(REV 4/84)

C.4 USAGE DATA
C.4.1-What loading is

ATKINS

General Inspection

[CEMETERY ROAD OVERBRIDGE =1 typically applied to the
flegrbbgreiin ,/ \\ _ bhridge’.:] TEe'd Ioadring
Ficsdrocam Citsrance "urdweicrst “Nosown TG that the rage as
L onmTo o | wo (ST : ki, L L T w: ﬁ bﬁen ?]es,gned for is
,  Florel [ UL O shown here.
C.3.3-Is the bridge .. [ErEwoGwERTCES ] Date of sz of o
susceptible to scour? This | : Fam [AUGUST 2004 ]
question s answered s oot = ' T —TT® C.2 INSPECTION DATA
directly by the Roads 277 "‘R‘\ (EARLES TR AGENCY oo [AUGUSTZ058 ] e ey C.2.3-Was access for the
i i I B 'WENT CBC
form in this section. :::m

Structurs Ownar (¥ not W0

Further advice on Scour famnrs

I3

assessment can be found

in BA 74/06

Structire Commesonad

“Reebwry, ek, Foos?
P by Bridge Numbe

15 tha RvaoCanad Tda?

Famn of Deck (¢g

anmediate Supponts

Nalure of Foundations [ng Crse

Ao sen)  [SOUD SLAB \

..... camhwer)  [3 SPAN CONTINUCUS ]

[ ]
)

|PHOJECTIONS FROM FOUNDATIONS l‘

o Sl Waly  [RAKED R.C. LEAF FIERS HINGED AT TOP j
/

[

MASS CONCRETE SPREAD FCOTI

[ —

C.2 INSPECTION DATA

or under the bridge.

C.2.1-What does the bridge span?
This gives details of what goes over

C.3 CONDITION DATA

C.3.6-What is the age of the bridge in
relation to its design life? One can easily
work out the age as it is given here.
Design Life should be 120 years, but

always check with bridge owner.

C.2 INSPECTION DATA

C.2.5-What was visual accessibility
to the bridge like? Look at the
photograph-it is often obvious from
this as to whether GI would have
been difficult or straightforward.

—

Figure 6.2 - Using the Roads 277 to risk assess multi-span bridges (Page 1 of 2)
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confined or difficult?
C.2.4- What is the height
beneath  the  bridge?
Judgements concerning
questions of how well a
visual inspection could
have been carried out can
be made by looking at
these details.

‘ C.1 HISTORICAL DATA

C.1.1-What is the
structural form of the
bridge? C.1.2-What are
its constituent materials?
C.1.3-What is the bridge
articulation? All of the
answers to these
questions posed by the
risk assessment should
be readily available here.
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Di 0 1 El "

Cross Section and Comp 1ts of Structure, ROADS 277(REV 4/94)

Indicate all materials of construction, ey $teel wrought iron, cast iron, concrete, brick stone efc.
Indicate roadway and pavement widihs of the reterence roed and also of the cressing road where appropriate {include spans)

Indicate type and position of bearings and joints.

"FEEQ' !  pe _7"|""' A lL.I"., ra ks i

s

C.2 INSPECTION DATA
C.2.5-What level of
access is there to
individual bridge spans?
How difficult or easy it
was for the Inspecting
Engineer to visualise
elements of the bridge
can be seen from the
drawings on the 277 form.

7
WEADS ©F THE WWALEYS NOWD - OIS OAdES
SLTON 1 - DONLAS TOP YO BAYNMAWR |
Coan i oW oBfcal it
P N I e~

Manwfacturar Tyoe Manulacourer Type Position
Presyessing Systam [Besrings” UNKNOWN ROCKER IABUTMENTS
Pant System;  Parapet CROWN 5 COAT MIO SYSTEM Joints® UNKNOWN STEEL NOSNG & INSERT|SOUTH ABUTMENT
4 BURIED
Imtarnal Parapals UNKNOWN PEDESTRIAN
GUARDRAIL
External 'Watarproofing UNKNOWIN 12mm MASTIC ASPHALT
e on SEch K00W

Figure 6.3 - Using the Roads 277 to risk assess multi-span bridges (Page 2 of 2)
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6.3 Using the BE 11/94 — Multi-span Bridges

M

Liywodreth Cpulland Cpmni
Rk Amerviily Givessment

Trunk Road / Motorway Structure Inspection Report

BE 11/94

T 6 [ 21

structere Mo, [AJala[s] T2l T T T 1] Agent Code [0 o [1]1]
AgentMams | SOUTH WALES TRUNK ROAD AGENCY |  Grdmes [z 71 s :
Structure Name | CEMETERY ROAD OVERBRIDGE | Fromspam To Spaz

C.3 CONDITION DATA

C.3.1-What is the condition
of the bridge, as noted by
the General Inspection?

(159) Using a combination of the
Dare of [oia]riuin]riniois] Type of Inspection® Engineer’s overall
g 0 1 T U N 1 8 % 9 assessment (Good, Fair or
Overall Assessment® =—® Poor) and other comments
_ in the BE 11/94, a valuable
Defect Assessment Estimated Extent Severity Work Priority FD Comments picture of the bridge’s
Cost (£) .
) condition can be formed.-
1. Foundation B and allow the questions
2. Inverts or Aprans // \ posed by the Risk
3. Fenders ! Safety Barriers / \ Assessment to be
4. Piers or Columns B / 2 Winor detects anly \ answered.
T
8. Abuiments 2 Minor defects only \
5 \Wing Wal / \ C.3 CONDITION DATA
- fing HElE C.3.2-Is the bridge
7. Retaining Walls or Revetments B 2 N Logss shaliman undergoing suspected
8. Approach Embankmenis B 2 Qwergrown concrete attack? If it is, the
8. Bearings evidence should be
recor n the BE 11/94.
10. Main Beams / Tunnel Portals / Mast \ ecorded on the /.9
A competent Inspecting
11. Transverse Beams ! Catenary Cables \ / Engineer would certainly
12. Diaphragms or Bracings / comment on the kind of
Several Iransversa cracks In antilevers with leachatesissalad damage caused by ASR or
13. Conerste Slab 3000 = R L new concrete rapalrs'skim paferial and In orgingl concrete ACR i? seen duringthe Gl
14, Meial Deck Plates / Tunnel Linings
\ / T
—————— Piaaze tum over

Figure 6.4 - Using the BE 11/94 to risk assess multi-span bridges (Page 1 of 2)
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BE 11/94
Defect Assessment [cont) E;E;.}Ed Extent Severity Work Pricrity PO Comments
15, Jack Arches
18, Arch Ring ! Corrugated Metal
17. Spandrels
18. Tie Rods
18. Drainage —_—
- —
Waterproofing B EC Y
Swurfacing ] 2 | Wern wish sigzificant craze cracking
22, Service B
23.  E=pansion Joints B 2 N [Wersaidhamizor comosion
24, Parapets  Handrais 2000 o] 2 P L Corresion at joints and peneral paim rystam failuze. —_—
26, Access gantries or walkways C.4. USAGE DATA
: C.4.3-What is the Road
28, Machinery .
~ Surface Category? Again,
2. Dry Stone Walls a competent Inspecting
33. Troughing Engineer would certainly
comment on any
Reasons for priority allocation 13, 24: Early action will reduce Life time costs — L deterioration or sub-
standard surfacing on the
bridge, and would note it in
this section if it was seen
during Gl.
Mame | R Poulton |
Signed | R. Poulton
Date | 03i07708 |

Figure 6.5 - Using the BE 11/94 to risk assess multi-span bridges (Page 2 of 2)
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7.
7.1

7.1.1

Footbridges / Gantries
Footbridge / Gantries Questionnaire

Having gathered all available information for a footbridge or gantry, completing the risk
assessment should be straightforward. In all cases, the BE 11/94 and Roads 277 Form should be
a necessary part of the information required.

Using Concrete Deterioration Investigation Report

How does a history of concrete deterioration affect the risk assessment for any given structure?
This risk assessment asks the user to consider whether environmental effects are known to be a
major contributor to any concrete deterioration. These environmental problems can often take the
form of alkali-silica reaction (ASR), alkali-carbonate reaction (ACR) and thaumasite sulphate
attack (TSA). All three are very damaging to concrete and, if present will need investigation.

Alkali-Silica Reaction (ASR) - Certain types of aggregate with poor alkali resistance
interact with alkaline fluids in the pores of the concrete to form a silica gel around the
surface. This gel absorbs moisture, causing it to expand, and ultimately leads to cracking
and further deterioration of the concrete.

Alkali-Carbonate Reaction (ACR) - Similar to ASR in that the alkaline environment of
concrete attacks the aggregate that includes reactive particles. In ACR, the alkaline reacts
with dolomite limestone, replacing it with less stable and expansive products. This
reaction usually occurs early and structures may show cracking within five years after
construction. Over time, the ACR products create a ‘rim’ around the aggregate,
weakening the bond and creating micro-cracks and voids. Cracks allow ingress of water,
sulphates and chlorides to the interior of the concrete, leading to durability issues such as
freeze / thaw damage, sulphate attack or steel corrosion.

Thaumasite Sulphate Attack (TSA) - The thaumasite form of sulphate attack (often
abbreviated to TSA) requires a source of sulphate and also of carbonate. Thaumasite can
occur rarely as a natural mineral as an alteration product of limestone. Thaumasite can
form in concrete and in mortar. The cement hydration products normally present, mainly
calcium silicate hydrate and calcium hydroxide, are decomposed as a result of both
sulphate attack and of carbonation. Since it is the calcium silicate hydrate in concrete that
provides most of the strength, thaumasite formation results in severe weakening.

An illustration of how risk assessment approaches the presence of concrete deterioration / attack
is shown in Figure 7.1 below.
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D32 Is the bridge undergetrg—acat risk of, possible concrete-stack?

'SA, ASR, ACR and other risks as yet
not investigated or assessed

(2}

TSA, ASR, ACR and other risks

investigated or assessed

0)

SIBLE SCORE (y)

Mo signs of
concrete attack /
Mot applicable

The threat of serious concrete
deterioration not yet been
assessed or is in the process of
being investigated. Clearly this
unknown constitutes a major risk
and is marked down accordingly.

The threat of serious concrete
deterioration was noted some
time back and was investigated
and assessed accordingly. This
clearly constitutes a positive
development. Where appropriate
a Management Plan will have
been produced and implemented.

Don't Know

(-2)

NATKINS

that

Note
NOT suffering concrete
attack does not constitute

a structure

a positive. In  risk
assessment it should be
the norm not a bonus,
and is marked as such.

Figure 7.1 — Risk assessing concrete deterioration or attack
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7.2 Using the Roads 277 — Footbridges / Gantries

STRUCTURE MAME |

ERITON FERRY FOOTERICGE

| RS 2T WAEY 494

D.3 CONDITION DATA
D.3.3-Is the bridge
susceptible to scour? This
question is answered
directly by the Roads 277
form in this section.
Further advice on scour
assessment can be found
in BA 74/06

AW

Souches We.  [BAE-BOF ]

Mo P R ]

CammntLs HEATH PORT TALECT CE.C ]

L& 'WEET GLAMCRGAN C.C

D.4 USAGE DATA
D.4.1-What loading is
typically applied to the
bridge? The loading
that the bridge has
been designed for is
shown here.

NATKINS

Dol Wl (s g in s PAC]

Typs of Soraincian jag Sdid

D.2 INSPECTION DATA

D.2.3-Was access for the
General Inspection
confined or difficult?
D.2.4- What is the height

beneath  the  bridge?
o e S Judgements  concerning

questions of how well a
Fuinpat (g Ak ina ) . . .

visual inspection could

have been carried out can
be made by looking at
these details.

Falwny Bridge Hember g bahined W nll

It Fver ¢ Ol S

I the Fives'Cmnmd ravigable’ Fimiure o Fousduiiana (eg Smnicna)

Hars =t

" Planss dulets na nscmEny

D.1 HISTORICAL DATA
D.1.1-What is the
structural form of the
bridge? D.1.2-What are
its constituent materials?
All of the answers to
these questions posed by
the risk  assessment
should be readily
available here.

Elknvailon

b
D.2 INSPECTION DATA

D.2.3-What was visual accessibility
to the bridge like? Look at the
photograph-it is often obvious from
this as to whether Gl would have
been difficult or straightforward.

D.3 CONDITION DATA

D.3.6-What is the age of the bridge in
relation to its design life? One can easily
work out the age as it is given here.
Design Life can vary but for a footbridge is
typically 120 years.

D.2 INSPECTION DATA

D.2.1-What does the bridge span?
This gives details of what goes over
or under the bridge.

Figure 7.2 - Using the Roads 277 to risk assess footbridges or gantries (Page 1 of 2)
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Dimensional Elevation, Cross Section and Components of Structure. ROADS 277REV 4/04)
Indizake all makerials of construction, &g steal wrought ron, cast iren, Blaebre TN G &
Indicake roadway and pavemantwidths of tha referance road.

ATKINS

D.2 INSPECTION DATA
D.2.5-What level of
access is there to
individual bridge spans?
How difficult or easy it
was for the Inspecting
Engineer to view

D.4 USAGE DATA

D.4.1-What loadings are
put on the footbridge?
Looking at the plan and

elevation, looking at elements of the bridge
location etc can tell us a lot can .be seen from the
about whether the drawings on the 277 form.

footbridge  has  heavy

usage, is affected by wind
(e.g. does it have solid
elements in elevation?),
was designed for
equestrian us, or prone to
vandalism?
BRIDGE No. A4a - 50F |
Manulacturer Type Manufacturer Type Poation
Prectressing Sytem
Joirts'
Paint System:  Parapst
Parapats
Extemal i g
e cak o0 shakch Do

Figure 7.3 - Using the Roads 277 to risk assess footbridges or gantries (Page 2 of 2)
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7.3 Using the BE 11/94 — Footbridges / Gantries

BE 1194
TRUNEKE ROAD ' MOTORWAY STRUCTURE INSPECTION REPORT
D.3 CONDITION DATA
Elnuciure Ho. |J’| | _4| E;l - | [ | 0 | Fl | | | | | Agant Code ﬂnnn D.3.1—What is the condition
of the bridge, as noted by
Agent Namea SouthWaks Twk Ropd Ageney | Grid Rl e[ 7] al ol s[ 4] ol 3] & o the General Inspection?
Using a combination of the
Engineer’s overall
Singiure Hams Biiiton Famy Foothridgs From Span Tazpan ) assessment (Good, Fair or
Poor) and other comments
Dasolinepection |13 | February | 2008 | Typecf Ingpection ) mspectedby | Matt MacDonald in the BE 11/94, a valuable
picture of the bridge’s
O erall Assess a1k el Tpielie condition can be formed
Exi [[ D D HE =@ and allow the questions
osed b the  Risk
Diafect Aanessmarnt Cost{gi Sewerity  Work Friority 0 Comrmanis issessmenﬁ to be
1.Foundalicns e 1 - - Il area of spalling answered.
2irvarts o Aprons / - - - - AN |
2.Fendars /- - - - N\ '
4. Piers ar calumns 150 Areaz of paint bes, comoded balts D.3 CONDITION DATA
Sabulments - - - - \ D.3.2-Is the bridge
B Ing Wals N - - N undergoing suspected
concrete attack? If it is, the
7.RelEning ‘Walls ar Redetments - - - evidence should be
8.Approach Embankments N - - N recorded on the BE 11/94.
5 paar - - - n A competent Inspecting
1E|Ma]r§e~a  Tumed Pt et - - - / Engineer would certainly
N EEams . Turn2 ' - comment on the kind of
11. Tranaverss Beams / Calenary Cablas - - - - / damage caused by ASR or
12, Dlaphrags or Bracings N2 2 P L Ming«paint loss ACR if seen during the GI.
12 Corerete Sieb SN\ - - - -
14 Metsl Dack Plales/ Turnel Lnings - 1 - - L |
Plaase brn duar

Figure 7.4 - Using the BE11 /94 to risk assess footbridges or gantries (Page 1 of 2)
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Estimatked BE 1124
Coat{g Extent  Sewerity  Work Priority PD Commaris
Deefect A552EEMENt] CONE
15, Jack Arches - - - - -
16, Arch Ring / Cormgated Mets - - - - -
17, Spandrels’Haadwals - - - -
12. Tie Aods - - - - - O ee—
12, Syslems - - - - .
Watarproching - . - . . N
Begnning towear in places. Twa instances of
21. Surtachng 1 B 2 R L surfacs break down, Remove vegstatin
22, Sardce Ducls - - - - -
2%, Expanaion Joints - - - - - /
Parapets | Handrails 550 B 3 R M Daformation of infill bar. minor paint kes
=, fies of Wakways - - - - -
26. Machinery - - - - - C— \’
22, Dry Shone Walls - = = = D.3 CONDITION DATA
32, Troughing - - - - - D.3.1-What is the
condition of the bridge,
Reasons for Priofey Allocatlon 24 - Re-aligrment of deformed wertical infil barwill ensure safety of footbridge users - M as noted by the
4,12, 24 - Reapplication of protective paintwods will pralong lifs of structurs - L General  Inspection?
21 - Removal of vegetation will improve appearance of structure - L Additional  information
on the general
condition of the
footbridge can be found
here.
Smart'W Fussel
i Mame
signad S _ Jpﬁ'ﬂ/l/( :
Date 13" Fabrusry 2008

Figure 7.5 - Using the BE11 /94 to risk assess footbridges or gantries (Page 2 of 2)
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8.1.1

Retaining walls
Retaining Walls Questionnaire

Having gathered all available information for a retaining wall, completing the risk assessment
should be straightforward. In all cases, the BE 11/94 and Roads 277 Form should be a necessary
part of the information requested.

NATKINS

Using the Structural Assessment Report — Retaining Walls

Structural assessments of retaining walls will often be qualititative, due to much of the structure
being buried and a lack of as-built information. Figure 8.1 explains the risk assessment options.

This indicates that a
thorough qualititative
assessment has been
done and found the
wall to be fully
capable.

For newer, larger walls, it is
more likely that an
‘assessment by calculation’
has been done. This should
define the wall’s capability and
fitness for purpose.

This shows that the
wall is on such a
small scale that it
does not need to
be assessed, or is
a new structure.

Post-assessment the
wall has been found
to be sub-standard
and is now being
actively managed.

\

\

.

/‘7\ E.3.5. Has the wall been assessed?

Yes-Cualitative

(1)

Yes-Quantitative

(2 i-1)

SCORE (x;)

S~ ~

[ ]

Mo, or don't know

MAX. POSSIBLE SCORE (y;)

Assessment not

BD 79 maonitoring

required programme
i i0)
\/ \/

E3E If B0 [ Guantitative” to Question E.3.5,Wectur used fW

Greater than 0.90 Between 0.70 and 0.90 Between 0.30 and 0.70 Mone used
m -1 2) 1)
It is highly probably that a guantitative If a gualititative ‘assessment’ was done,

wall, but if so, the

‘assessment by calculation’ was not done on the

be readily available from the Assessment Report.

Condition Factor utilised should

no Condition Factor will have been used so

choose this option.

Figure 8.1 Risk assessing a Structural Assessment Report - Retaining wall
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8.1.2 Risk assessing Live Loading Conditions

Transient live loads can affect retaining walls in different ways. The most obvious way is from HA
live load surcharge transferring vertical and horizontal loads against the back of the wall through
the retained soil. In the context of risk, however, there are other considerations, such as vehicular
impact which need to be considered. When assessing this risk, a distinction is made as to what
constitutes ‘close proximity’, a dimension relative to the size of structure. For the purposes of this
risk assessment, a dimension of H/2 was chosen, where H is the total height of the wall being
assessed (see Figure 8.2).

For the purpose of this risk assessment, the
exertion of live loading above or below top of wall
level has the same affect. The risk of damage or
deterioration clearly increases as the proximity of
live loading increases. The type of loading
applied makes no difference. It could be
— surcharge (from above), or vehicular impact
(from below). The risk remains broadly the same.

- TN E.4.1. What |paermd 15 TypIca lied to the structure?
HA, live Inadlngarthe structure HA live load distant fram the Mo live loading
pwithin H/Z) structure (further than H/2) (3

) (1

< L] ~POSSIBLE SCORE (y )

The distance that constitutes ‘close proximity’, in
the context of this risk assessment, is H/2,
where H is the total height of the wall. If live
loading is present at a distance inside H/2, then
the risk is deemed to be greater than if it is
present outside H/2.

' .
r
]

Figure 8.2 Risk assessing live loading affects - Retaining wall
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8.1.3 Risk assessing Adjacent Land Properties

Adjacent land properties can be hugely influential in both the likelihood of deterioration and the
consequence of failure. They affect risk both directly and indirectly. Indirectly, they can limit
access and make it difficult to view the structure. This can compromise the quality of the
inspection data obtained, and therefore the validity of the information being fed into the risk
assessment. Directly, they influence risk by bringing consequence into the equation. The adjacent
land property, to a large extent, determines what the consequence of failure is. Adding further to
the equation is the ability of the adjacent land property to affect the likelihood of the structure
deteriorating. The rationale behind the risk assessment, based on these influencing factors, is

given below in Figure 8.3:

When a railway is the adjacent land property:
- Limited access often for the Gl;
- Consequences of failure are catastrophic;

When a field or unclassified road is the
adjacent land property:

- Probably good visual access for the GI;

- Consequences of failure are low;

- Less traffic so lower chance of harm;

- Less disruption caused by failure.

.2.1. What is the structure adjacent to? /

\ E
— (0)
scorE) ||

Classified road/public space/area

MAX, POSSIBLE SCORE (y,)

(1)

When water is the adjacent land property:

- Limited access often for the Gl;

- Damp conditions/foundations affect decay;

- Changes in water level incur cyclical loads;

- Small fractures made worse by water ingress

NATKINS

When a classified road is the adjacent
land property:

- Probably good visual access for the Gl;
- Consequences of failure are high;

- More traffic so higher chance of harm;

- Greater disruption caused by failure.

Figure 8.3 Risk assessing adjacent land properties - Retaining wall
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8.2 Using the Roads 277 — Retaining Walls

|

STRUCTURE NAME l LLANOVER HOUSE SOUTHEAST RETAINING WALL SOUTHBOUND ] ROADS 277(REV 4194) E.4 USAGE DATA
Yot E.4.1-What loading is
typically applied to the

E.3 CONDITION DATA D ] s wall?  For example,
E.3.4-Is the wall (1 s | does HA live loading

susceptible to scour? This
question is answered
directly by the Roads 277
form in this section.
Further advice on scour For Ao Surfaca

affect the wall in any
way, and if so, is it in
close proximity (i.e.
within H/2) or is it not
(i.e. further than H/2).

Cumit LA .E. WALES TRUNK ROAD AGENCY Do of ssue of

Fom AUGUST 2005

PrewousLA  [GWENT COUNTY COUNCIL |

ntanng Agent
[EEWTRA ] Date ofLast Princpal Bawe | Stam (a3 1 3k
specton !%E'E‘I 2005
|
]

ATKINS

assessment can be found || emamne B \\\ —_— ]| ns— e N\ See Section 7.2 for
in BA 74/06 [ further details on this
Yow Srucure Commisaned ( NOT KNOWN Form of War (3 Canth [ ] question.
Dasign Oftca [ | |
e Darapee (03 Abrirum) MASONRY ]
15 1o Wil 3bove
ﬁ) E.1 HISTORICAL DATA
Srmhage shicd el ,1 E.1.1-What is the
fll structural form of the
Nt of Fousdations fog Ples) 7 | wall? E.1.2-What are its
constituent  materials?
All of the answers to

these questions posed
by the risk assessment
should be readily
available here.

E.2 INSPECTION DATA
E.2.1-What is the wall adjacent to?
This gives details of what the wall is

next to, whether above or below. The

risk assessment requires details of ES COND'TDN DATA : )

what is at the base of the wall and _E.3.7—V\_/hat s the age of the wall in relation to E.3 CONDITION DATA

whether the wall takes highway its design life? This is often an unknown as E.3.3-What is the environment around the wall

loading on top (.g. water, road, field, walls will often be older than bridges, and have like? Is it wet or is it dry? Look at the

and railway). less background information. Choose the “don’t photograph and the Gl notes. From these a
know” option if that is the case view on whether the wall is in a predominantly

wet or dry environment can be taken.

Figure 8.4 - Using the Roads 277 to risk assess retaining walls (Page 1 of 2)
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DNl L lEl'~'

and Comp:

of St

, Cross Sect

Indicate all matenals of construction, eg steel wrewght iron, cast iron, concrate, brick stone elc

Indicate roadway and pavement wicihs of the reference road.

ELEVATION ON RETAINING  wal) [scae: 200)

46:-7m

ROADS 277(REV 4/94)

s

8544

E.2 INSPECTION DATA
E.2.3-What is the retained
height of the wall? This
should become clear
using either the
dimensions on the
elevation or section
contained on the Roads
277 form.

Manufacturec

Type

CROSS SECTIC

/—Pro};lc Unbkenown,

A {scale1.50)

E.2 INSPECTION DATA
E.2.2-What level of
access is there to the
wall? Is it to the top of the
wall, or to the base of the
wall, or to both? The
answer to this question
should become clear from
the section drawing, and
clarify how possible it was
to access the wall during
Gl.

Prestrassng System

Paint Systern:  Parapet

External

Manutachrar

Typa

Pogtian

Jaints*

Pt wprsls

MASONNY

Waterproolerg

“Wachcat on skorch 4bov

Figure 8.5 - Using the Roads 277 to risk assess retaining walls (Page 2 of 2)
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8.3 Using the BE 11/94 — Retaining Walls

Trunk Road / Motorway Structure Inspection Report

BE 11194

it
Upwesbaith Cirudiad G
Wk Aoseilyy CosmfTmes
swctreNo  [A[4[0]4]2] [1]60[W2[e]  AgentCode [ | | |
Br. 8544 — . — - E.3 CONDITION DATA
Agent Name | SOUTH WALES TRUNK ROAD AGENCY | Grid Raf | 3 30 9801 | 2 08 | $| 1 | E.3.1-What is the condition
of the wall, as noted by the
Structure Name | LLANOVER HOUSE RETAINING WALL SE SB From Span ] ToSpan [ [ | General Inspection? Using
Date of Inspection (1. 9]0 C T2 0.0 Inspected By L Hiles a combinationof  the
s 01 J U N1 938 Engineer’s overall
assessment (Good, Fair or
B Poor) and other comments
in the BE 11/94, a valuable
Defect Assessmant Comments picture  of the wall's
condition can be formed.-
1. Foundation B ~ and allow the questions
2. Inverts or Aprons P 1 N posed by the Risk
) Assessment to be
3. Fenders / Safety Barriers / N\ anewered.
4. Piers or Columns / AN
5. Abutments / Intsrmediate wal 4 \
6. Wing Walls / Training walls \
Vegetation and small growing ouf of marar jomts. Loss of
7. Retaining Walls or Revetmenis T500 3 R M martar fo jots to tap if wall, Displaced stone wark. Cracking to
concrete haunching.
8. Approach Embankments / E.3 CONDITION DATA
9. Bearings f\_ E.3.2-Is the wall undergoing
i0. Main Beams / Tunnel Borals f Mast / suspected concrete attack? If it is,
the evidence should be recorded on
i Tn.‘ane-'-erse Beams f_ﬂate- ary Cales AN / the BE 11/94. A competent
12, Diaphragms or Bracings \ / Inspecting Engineer would certainly
13. Concrate Slab N g comment on the kind of damage
14, Metal Dck Plates / Tunnel Linings —~—— = caused by ASR or ACR if seen
during the GI.

Figure 8.6 - Using the BE 11/94 to risk assess retaining walls (Page 1 of 2)
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Defect Assessment (cont) Estimated BE 11794
Extent Severity Work  Priority FD Comments
Cost (£)
15, Jack arches
16. Arch Ring f Corrugated Metal
17. Spandrels
18. Tie Rods
19. Drainage Systems
20, B —
A 1 >
/
23 Expangion
West fsce: Loss of modar 1o joints, hairline cracking. Parspet
24.  Parapes/Handrails/Timber fences 5000 c 3 R \H\ higight at northaem end of the wall is kss than the standard
\ minEmum height {0.85 < 1m)

25 Access gantries or walkways \
26, Machinery N E.4. USAGE DATA
32 Stone Walls E.4.3-What is the Road Surface
33 :ﬂ hi \. Category? If the wall could be

foughing affected by live loading being

Reasons for priority allocation

Signed

T- Vegetation clearance, Concreta repairs, Re-pointing of mazonry wall - Medium
24: Re-pointing of masonry wall, Safety of road users - Medium

transferred through road
surfacing (particularly if the wall is
below road level and in close
proximity to it) then the condition
of the road needs to be
considered for the risk
assessment. The condition can
also indicate settlement of the
retaining wall backfill, indicating
wash out or wall movement.

W‘ Name L Hiles
Date MMoor

e

Figure 8.7 - Using the BE 11/94 to risk assess retaining walls (Page 2 of 2)
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9.

9.1

Technology Structures

Technology structures are primarily large independent variable message signs but would also
include larger high mast lighting columns. Variable Message Signs (VMS) display information
about traffic and accidents to road users on major road networks. Typically, they are modern
structures located at key locations, such as major junctions and are used to help manage the
network by providing information or advanced warning to drivers of emergencies and incidents.
VMS have been an essential requirement to allow effective management and operation of the
network. VMS make new initiatives such as Managed Motorways possible.

Risk assessing Technology Structures

Technology structures typically have little or no redundancy and little variation in structural form,
constituent materials or consequence of failure means that the Technology Structures risk
assessment has fewer factors than others with only six questions being used to gauge risk. Most
of these answers should be available from the Roads 277 form, and the recent condition of the
structure from the latest BE11/94 form.

The structural designs are often standardised with only occasional bespoke designs. Foundations
can vary for a given superstructure. Foundations comprising traditional reinforced concrete piles
or reinforced concrete spread footings have a proven track record. Other, newer foundation types
have yet to be shown to be as robust. This is likely to change as more data becomes known.

Traditional piles: Helical piles and Micro piles:
- R.C piles and pad foundations; - Buildability benefits;
- Proven durability; - Quick to install;
- Robust form of substructure; - Unproven long-term durability;
- Large data base of evidence. - Insufficient data available to gauge risk.
18 .\
19 F.1.2. What is the foyedation type? N\
20
21
22 Traditional Steel Grillage Helical Piles Steel Grillage Micro Piles
23 (1) (o) (o)
24
25 —
25 SCORE(x) | | MAx. POSSIBLE SCOREy;) i 1]
27

Figure 9.1 — Risk assessing various foundation types for Technology Structures

Unlike the other major structural types, technology structures have a shorter design life, often sixty
years, or thirty. As a consequence, sections are often thinner. Loading on Technology Structures
is primarily dead load and wind load. Large fluctuations of stress can be caused by wind from
alternating directions. In addition to this, vibration of the structure can amplify the damage caused.

For a repeated standardised design, the lessons learnt from inspections can be applied to all
similar structures. Areas where cracking has been found should be checked on all similar
structures. On other structures, Principal Inspections should look at those areas where fatigue
effects are more likely.
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9.2 Using the Roads 277 Form — Technology Structures

F.1 HISTORICAL DATA

STRUCTURE NAME

MOTORWAY SIGNAL MAH

F.1.1-Is the structure a standard
design (e.g. more than 10 of

them in Inspection Programme?

E AND SUPERSTRUCTURE I

ROADS 277(REV 4/94)

F.1 HISTORICAL DATA
F.1.2-What is the foundation
type? Most will have ‘traditional’

; ; . Min Headroom Clearance “underover “Molorway/Trunk Road carmageways foundations with a reinforced
WAG [M4 22 - 23 V45 | mgszt I\jggs WI\I/:IS4be' stan(:]grg N. Bound / W. Bound [N/A Design Load concrete piles and p”e cap.
No r igns whi )
WAG File Ref [ ] are 'use d tﬁ roughoust gthse rog d S Hound/E Bownd [WA____ ] vesign stanggfiversd - More recent foundations have
CumentLa  [MONMOUTHSHIRE COUNTY COUNCIL ] * Ploase dalote as necessary spociaflangresie]  DEEN constructed using helical
network. In a few cases, the n . . .
) . . piles or micro-piles. The exact
Previous LA [GWENT COUNTY COUNCIL | des|gn may be bespoke_ This g X .
i Agent Materials: Consincica Detas | Nature of the piles will become
ForStuctue  [SOUTH WALES TRUNK ROAD AGENCY should become clear from the DeckiWatMast (eg in sits PSC) LOW STRUGTURE STEEL UPRIGH
- apparent from the structure
For Road Surface  [SOUTH WALES TRUNK ROAD AGENGY structure description and photo. ﬁ\ [CANTILEVERED GANTRY STRUCTUREl  Jescription
4 2 .
Structure Ref. = 9002 T 1 ] [PREFABRICATED STRUCTURAL STEEY
— [BOLTED FIXINGS BETWEEN BASE/IUPRIGH —
Year c [1997 \ Is the to scour? ves [] wo Form of Deck (eg Propps XED CANTILEVER ]
Design Office 15 the Structure on the ves [] w~o [ ]
High Load Route?
Does the road go N/A End Supports (eg Skelefn Atameny)  [NIA ]
Is the Structure on the YES D NO E’
“Railway, Canal, River, Road? Heavy Load Route? [ Il ]
Railway Bridge Number Is the Structure scheduled ves [] no Intermediate Supports (eg [ y A |
as an Ancient Monument? L=
Isthe River/Canal Tidal?  NA YEs [ ] w~o [] [ J ]
larme of y L having services on bridge
1s the RiverrCanal navigable' WA YEs [ ] nNo [] Nature of Foundations (eg Casssons) N [INSITU REINFORCED CONCRETE sussmucn.%wru ]
Name of Navigation/Orainage Authon!
[ ]| QR C_PLINTH (PILED BASE * U@t APPLICABLE) ]
‘Please delele as necessary

Site Plan {1°2500)

F.3 CONDITION DATA

relation to its design life?

5085301-001-008 — User Manual Rev D - Final.docx

Form.

F.3.2-What is the age of the structure in
For
structures like these, the ages will be relatively
low and accurately given in the Roads 27

modern

ATKINS

F.4 USAGE DATA

F.4.1 Does the structure have
fixed ADS and Electronic
signs? This should become

Figure 9.2 - Using the Roads 277 to risk assess technology structures (Page 1 of 2)
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photograph, the structure
description above, or the
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Dimensional Elaevation,‘aross Section and Components of Structure.
Indicate all materials of construction, eg steel wrought iren, cast iron, concrete, brick stone ete.
Indicate roadway and pavemeant widths of the reference road and alsa of the crassing road where appropriate {(include spans)
Indicate type and position of bearings and joints.

F.2 INSPECTION DATA
F.2.1-ls the structure “man-
accessible”? Does the column have
ladder access? Is a walkway
provided? These details may not be
readily apparent from the drawings
or the Roads 277 photograph. Other
photos of the structure may help in
this regard. If it's not clear whether
the structure allows good access,
one should choose the “don’t know”
option, and record this information
during the next inspection.

T St R

FOR LS OF HoumMo |

LT ARRANGEMENTS
Mo, MK Q583
SHEETR 1 of 4 & F of 4.

ROADS 277 (REV 4/94)

F.1 HISTORICAL DATA

F.1.2-What

RETAIMNIMG WLl IF
REQUIHED VO RETAMN

TATL IO
DUTSTATICH LAYOUT-. |

0 ERWVIRONMERTAL
BARRIER

sy Bp———— U
SLOPE PROFILE F ~~ _—’-ﬁ.
1] i1 . . -
- FAES _ o . - ——
VARIES s L~ —
- — e
™

Concrele grades
. Exposed

- BOte S pon ewposed

Biles =

ass 50,00
s 40,20 :

CINs 4020 |

needed.

is the foundation
type? See the drawing elevation
or section for further details if

& Mo, BOOR FIELS
ALTERMATIVE MAKE UP
WITH _WaSS COMCRETE
WHERE PILES ARE SHOAT
M BEARING PRESSURE
25EHHS T

“Indicaia an sieloh above

CAMTILEVER, CANMTRY ON FREAMKMENT |
’ .'zoart
N owo | ELEVATION A=A
Manufaslurer Typa Manufacturer . Type Position
Prestressing System Bearings® |
|
Paint Systam:  Parapet [Joints® - I
Internal Parapsts

1 e I e S —
| External Watarproofing
| R = -

Figure 9.3 - Using the Roads 277 to risk assess technology structures (Page 2 of 2)
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9.3 Using the BE 11/94 Form — Technology Structures

."'—"'_:1'11;'\_,-'
-

Urwezereath Coruliad Cirmra

Wk Aoy Dot

I ———
Structure No,
Br. B544
Agent Name
Structure Nan

Date of Inspes

F

m o e o

Defect the Risk Assessment to be [ated
answered. (£}
ou

F.3 CONDITION DATA

Trunk Road / Motorway Structure Inspection Report BE 11194

F.3.1-What is the condition of
the structure, as noted by the
last General Inspection?
Using a combination of the
Engineer’s overall
assessment (Good, Fair or
Poor) and other comments in
the BE 11/94, a valuable
picture of the structure
condition can be formed.-and
allow the questions posed by

agertCode [ T T T 1

Grid Ref [3 73/0 8/1]20/8[6[1]

Extent Severity Work Priority

ToSpan [ ]

Inspected By | L Hiles

Comments

Irverts or Aprons

Fenders [ Safety Barriers
Piers or Calumns

Abutments ! Intermediate wall
Wing Walls / Training walls

7. Retaining Walks or Revetmenis 7500

8. Approach Embankments

Vegetation and small frees growing out of martar jonts. Loss of
martar to jerts to top of wall, Disslaced sione wark. Cracking lo
cancrete haunching.

10.
11.
12
13.
14,

Bearings

Main Beams / Tunne! Perals / Mast
Transverse Beams / Catenary Cables
Diaphragms or Bracings

Concrate Slab

Metal Deck Plates / Tunnel Linings

Plaase turn over

Figure 9.4 - Using the BE 11/94 to risk assess technology structures
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10.

Scoring Risk

How does the scoring system work? Having chosen the appropriate solution for the structure a
certain number of points will be scored, based on how positively, or negatively, that attribute
influences the risk associated to the structure.

—_—
A.1.1. What is the structural farm of the structure? o~

/
Box / pipe Arch Cantileverad walls with Portal frame with nan-
(2 (1 separate deck structural invert

)] )]

MAX. POSSIBLE SCORE (v}

EXAMPLE SCORING — Culvert

If the culvert is a box, or pipe, it will score 2 points;
If the culvert is an arch, it will score 1 point;
If the culvert is any other form, it will score O points.

The % score taken forward measures the culvert score in comparison to
the maximum available.

So, a box or pipe culvert will be given a 100% (i.e. 2 out of 2) mark
An arch will be given a 50% (i.e.1 out of 2) mark
Any other structural form will be given a 0% (i.e. O out of 2) mark.

HIGH % MARKS POSITIVELY INFLUENCE THE ASSESSMENT

Figure 10.1 —Risk assessment point-scoring methodology
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11. Weighting Scores

Each risk assessment / questionnaire is divided into four main categories of question. These
cover the four main categories of structural attributes which most heavily influence the likelihood
for deterioration, and the consequence of failure. There are Historical questions, Inspection
questions, Condition questions and Usage questions.

Each set of questions has different levels of importance. Accordingly, they are weighted in order
of importance. The greater the influence the ‘set’ has on the risk assessment, the greater the
weighting it is given. The weightings of all four ‘sets’ add up to 100 (i.e. the percentage total). For
example, a culvert being risk assessed will be weighed as follows:

e  Historical score — W = 25%

e Inspection score — W = 25%
e Condition score — W = 30%

° Usage score — W = 20%

The other structural types will have variations on these weightings, appropriate to them. In this
case, points accumulated under Condition questions are given greater influence in the overall
risk assessment than those accumulated for Historical, Inspection data and Usage questions.

—IHISTORIC FACTORS SCORE BREAKDOWH

I scoRe [ 0 MAX. POSSIBLE SCORE

ar= (K + %) yr={vi+va)

1 =] % FACTOR ToTAL score[_ 0]

WEIGHTING, W E,={ZxW)

EXAMPLE WEIGHTING - Culvert

On accumulating the individual % marks for each question, each
section is given its own weighting dependent upon how important
the information from that section is as a whole in risk assessing
culverts.

Section 1 - Historical Factors - Weighting = 25%

Section 2 - Inspection Factors - Weighting = 25%
Section 3 - Condition Factors - Weighting = 30%

Section 4 - Usage Factors - Weighting= 20%

TOTAL NUMBER OF % POINTS = 100, THEREFORE:
RISK ASSESSMENT IS MARKED OUT OF 100

Figure 11.1 - Weighting the points accumulated in each category

5085301-001-008 — User Manual Rev D - Final.docx 52



Welsh Assembly Government
Risk-based Principal Inspections:

User Manual

12. Scoring Guideline

What do the scores mean in practical terms? Benchmarking undertaken by Atkins on a group of
75 structures in South Wales found that the aggregate scores from risk assessment could be
categorised as shown in Figure 12.1 below. Structures on the M4, A470 and A465 were assessed
independently by two different teams in Atkins and the results compared. These results were
analysed by Atkins’ engineers with over 50 years’ experience of inspections. Cross-referencing
risk assessment and engineering experience and knowledge, resulted in the classifications as
detailed below in Figure 12.1.

Any structure scoring 20 or less should have its Principal Inspection interval kept at six years. Any
structure scoring between 20 and 40 should be considered for an interval of eight years. Any
structures scoring between 40 and 60 or 60 and above should be considered for an interval of 10
years and the maximum 12 years respectively.

Final Score Recommended Principal Inspection Time Interval
< 20% Maintain at 6 years
20% < x >40% Consider increasing to 8 years
40% < x >60% Consider increasing to 10 years
> 60% Consider increasing to 12 years

Figure 12.1 - Recommended Principal Inspection time interval guidelines

When completing the risk assessment, the scoring guidelines given in Figure 12.1 should be
acknowledged as being just that: a guideline. These results are to guide and inform the engineer’'s
judgement, not replace it.
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