P4 0T and ROAD 4 e aAaToRy

T aacacac®.

Department of Transport

Scottish Development Department
Weish Office

Department of the Environment for
Northern lreland

BRIDGE
INSPECTION
GUIDE

Her Majesty's Stationery Office 1983

London

£4.75 nat
T N S SR RO



CoT e AT R e e

Transport and Road Research Laboratory

TECHMICAL INFORMATICN AND
LIBRARY SERVICES

Please return this document to the Library, or reguest
an extension of loan, by the date last stamped bel

ACCESSION NUMBER P 8 4 O J O A O

I PAGE, ME (ACOB) Tl 19:C6 19

5303



Department of Transport

Scottish Development Department
Welsh Office

Department of the Envirecnment for
Narthern Ireland

BRIDGE
INSPECTION
GUIDE

Her Majesty’s Stationery Office 1983
London
T ——



Contents

Page No
Introduction
Chapter 1 — Inspection and Reporting 1
Chapter 2 — Faults and Deteriaration 7
Chapter 3 — Access and Safeiy 20
Appoendix A — Bridge Design and Construction 256
Appendix B — Non Destructive Testing 38
Appendix C — DTp Bridge Inspection Form BE10 (DB) 50

Report by the Bridge Inspection Panel



The Bridge Inspection Panel

Mr G P Mallett — Department of Transport - Chairman

Mr L Clements — Scottish Development Department

Mr W 1.J Price — Gifford & Partners [formerly TRRL and Panel Chairman)
Dr W M C Stevenson — Department of the Environment for Northern Ireland
Mr S W H Butler — Department of Transport

Mr J A Loe — Transport and Road Research Laboratory - Secretary
Mr D Storrar — Scottish Development Department

The panel was assisted in the preparation of this guide by the following persons:

Professor F M Burdekin — University of Manchester Institute of Science & Technology

Mr J B Boden — Transport & Road Research Laboratory
Mr E F Glover -— Department of Transport
Mr A D G Miles — Department of Transport

and the following arganisations [whose assistance is hereby gratefully acknowledged]

County Surveyors Society
British Railways Board



LIST OF FIGURES

Fig
Fig
Fig
Fig
Fig

Fig

Fig
Fig
Fig
Fig
Fig
Fig
Fig

Fig

Fig

Fig

1

16

186

Simply supported construction

Continuous construction
Portal Frame

Cantilever & suspended
Masonry Arch

Tied Arch (Concrete and/
or Steel)

Beam and Slab
Composite construction
Spine Beam construction
Truss

Cable Stayed Bridge
Suspension Bridge
Rivetted Lap jcint

Rivetted Lap joint with covear
plates

Fillett weld

Butt weld

LIST OF PLATES

Plate 1
Plate 2
Plate 3

Plate 4

Plate B

Plate &
Plate 7
Plate B
Plate 9

Plate 10

Plate 11
Plate 12

Plate 13

Plate 14

Plate 1b
Plate 16
Plate 17
Plate 18

Plate 19

Plate 20
Plate 21

Plate 22

Plate 23
Plate 24

Scour of river bed
Differential settlement
Crack in column due to corrosion

Water leakage through crack
showing rust staining

Vehicle impact damage tc concrete
celumn

Scaling of edge beam
Spalling of concrete soffit
Corrosion of reinforcement
Leakage of water

Cracking along line of duct in a
post-tensioned concrete beam

Corrosion of cross box girder
Crack at welded joinmt

Deformation of steel beam due to
impact

Expansion of wrought iron due to
COrrosion

Bulging of spandre! walls
Distortion of arch profile
Dampness & debris at bearing
Void in bearing seating

Horizontal shear failure of an
elastomaric bearing

Loose expansion joint plate

Accumulation of debris at comb
joint

Cracking of surfacing at buried
joint

Damaged parapet due to impact

Corrosion of parapet holding down
bolts



Introduction

In the United Kingdom there are
approximatety 150.C00 highway bridges with
a replacement value at 1981 prices of about
£156,000,000,000. Bridges are key elements
of the road network by virtue of their strategic
location, and because of the unfavourable
and costly consequences when they fail or
when their capacity is impaired. Inspection is
an essential part of their maintenance which
must be done systematically and not just
confined to those occasions when there is
breakdown or failure. Inspection also has a
valuable part 10 play in providing data for
assessing the load carrying capacity of a
structure and in providing a feedback of
information into design and construction
practices.

This guide is concerned with the inspection of
bridges during their service lives after their
construction ang the associated contract
maintenance periods. It attermpts to set cut in
a logical way the essential information which
will agsist the bridge inspector in doing his job
and thereby tries to fill a gap in the available
technical literature.



CHAPTER 1:

Inspection and
Reporting

In 1976 a Research Group of the
Organisation for Ecenomic Co-operation and
Development {CECD) pubiished a report on
Bridge Inspection which, among other things,
reviewed bridge inspection procedures in
member countries and gave recommend-
ations and guidelines for the future.

Following pubtication of this report and its
recommendations, Technical Memorandum
BE4/77 "The Inspection of Highway
Structures’ was issued by the Department of
Transport. This sets out procedures for
inspecting and reporting on trunk road (ail
purpose} and motorway bridges in England
and Wales. Its use was recommended for
other bridges. Four categories of inspection
are defined in the memorandum. the
definitions being those used in the QECD
report; Superficial Inspection, General
Inspection, Principal Inspection and Special
Inspection. This Memorandum is being
revised and it 1s hoped to issue a new
Departmental Standard by the end of 1983

The Guide is concerned mainly with the
General and Principal Inspections which are
described collectively as routine inspections.
General Inspections are made at intervals not
exceeding 2 vyears by observation from
ground and deck levet, and from any fixed
walkways or travelling platform buiit into the
structure. Principal Inspections require close
examination of ail parts of the structure at
intervals not exceeding 6 years and suitable
access s needed to enable this to be done.
Special Inspections are made when some
particular probiem needs investigation and
the Guide makes brief reference to situations
where such inspections may be required.
Special Inspections are also needed after
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flooding, after severe accidentat damage and
sometimes after the passage of an
exceptional load. In movable bridges. the
inspection of mechanical, electrical and
hydraulic eguipmant will usually be done by
specialists. Superficial Inspections are a
quick check for damage or obvious fauits and
are made during the course of other duties:
visits are not usually made solely for this
purpose.

1.1 Routine Inspection

1.1.1 Bridge inspection is an important
task, and though much of the work is of a
repetitive nature, an alertness for spotting
the unusual is needed. Cracking or spalling
of conerete, movement. distortion, water or
rust staining. breakdown of paint, corrosion
of steel. cracking at or near welds, loose
pbolts or unusual noise can be the first
indicaticns of more serious trouble. The
value of regular inspections depends
largely on detecting defects at an early
stage. This reduces the risk to users and
often enabies repairs to be made at lower
cost.

1.1.2 The essential tasks of a bridge
inspector are to ohserve and record the
condition of a bridge and to transmit the
appropriate information to the bridge
engineer. This enables the engineer to
assess the condition of the bridge in terms
of load carrying capacity, in terms of
durability of the structure and its
components., and in terms of the
maintenance and remedial work required to
keep the bridge in a satisfactory condition.
A broad understanding of the way in which
bridges are designed and constructed to
carry their loads will helg in the effective
inspaction of bridges. An appendix to this
Guide is intended to assist in this
understanding.

1.1.3 The equipment needed by the
bridge inspector s fairly simple ang may
include the following:



Personal equipment.

protective clothing (see 3.5.2i¢) and
{d)}

clipbecard withwaterpront covering {tor
inspection forms) and writing
malterials {pen. pencit and chalk)
pen-knife

steel tape {2 m or 4 m)

elactric tarch

haversack or shoulder bag for
equipment (1o leave both hands free)
mirror

first aid materials

Technical equipment (as required)

binoculars

soirit level

plumb line

straight-edge with feeler gauges or a
tapered wedge

visual crack-width gauge

illuminated magnifying glass and scale
light tapping hammer

underwater probing rods

indelible marker

scraper and emery paper

plastic jars and heavy duty plastic bags
for samples

camera with flash equipment, colour
film and clearly marked scale

sectional ladder

Cther more specialised equipment such as
a fillet weld gauge. a paintthickness gauge.
a depth of cover meter for reinforcement
and tell-tales (with adhesive) may be
needed on occasions.

1.1.4 Routine inspection consists mamly
of a visual examination of the structure and
this should be made in good light. The
examination shou!d be thorough and
systematic; a casual approach canresultin
evidence of inciprent defects being missed.
It is expected that attention will be
concentrated on faults and defects. but it
should be appreciated that a certain
number of them will occur as part of the
process of normalwear and weathering and
that some othes arise from causes that are
difficult 1o foresee. The observations made

may be influenced by the weather. for
example, narrow cracks in most materials
can be found more easily when the surface
15 dry, and in concrete even more easily
when nearly dry, but the full extent of water
leakage shows only after rain.

1.1.5 It may scmetimes be desirable to
supplement the wvisual inspection by
measurements and observations such as:

measurement of the surface gap width of
any wide cracks {eg in concrete, cracks
which are wider than 0.3 mm}

fixing of teli-tales where the continued
opening of cracks inconcrete or masonry
structures is suspected

lapping of concrete surfaces with a light
hammer to detect. by the ‘ring’, whether
lamination has occurred

measurement of out-of-flatness or out-
of-straightness deformations in steel
structures by means of a straight-edge
and either feeier gauge or tapered wedge

measurement of the size of any defective
fillet weids by means of afilletweld gauge

examination of welds and adjacent areas
for hairline cracks using an illuminated
magnifying glass )

use of paint thickness gauge when
examining the protective system

tocal removal of paint by scraper oremery
paper when examining the effectiveness
of the protective system. This should be
done only when the stripped area can be
made good after the examination

use of tapping hammer for checking the
tightness of riveted and bolted
connections

removal of samples such as broken
concrete. corrosion products. paint
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flakes, deposits and contaminants for
further examination.

1.1.6 The condition of any maintenance
or repair work previously done on the
structure should be carefully examined and
reported. Special attention should be given
to this aspect of inspection since 1t will
provide guidance on the most effective
materials and techniques for dealing with
defects inthe future. Any maintenance work
recommended at the previous inspection
but not yet carried out should be noted

.2 Preliminaries

1.2.1 Before going to the site. reference
should be made to relevant information
already available in the central bridge
office, on bridge record cards, on bridge
registers and computerised data banks, and
on as-built drawings. The inspector should
familiaries himself with the details of the
structure and how it is intended te function
and he should note any particutar features
to be observed. Acopy of the lastinspaction
should be studied so that the condition of
defects previously noted may be checked.
Basic information on the structure, aslisted
below, should be inserted in the inspection
form as required:

The pridge number
The bridge name

The iocation of the bridge, that is, either
the gride reference, a small scale map
showing the positicn, or an accurate
description of the position giving road
numbers and distances to the nearest
junction ete.

The function of the bridge. eg ‘carrying
the M1 over the railway’

The type of bridge, eg mascnry arch,
reinforced concrete or M-beam deck on
reinforced concrete piers. steel box
girder, plate girder etc (see appendix A)
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General dimensions, including overall
length. overall width, width of
carriageway. number and length of
spans, whether spans aresquare or skew,
skew angle. depth and width of beams or
girders

Type of foundation
Materials of construction

Components, noting the make and type of
expansion joints. bearings. waterproof-
ing, parapets, guard rails etc

Services carried across the bridge
Date built

Examination of this data will provide the
background to the inspection and will show
whether there are any special problems
which need 10 be discussed beforehand
with the engineer Tesponsible for the
structure

1.2.2 The programme of bridge
inspection should be planned and the
cptimum seguence of operations
determined to ensure thoroughness and to
minimise time and cost. Advantage should
te taken of any circumstances which will
facilitate the work such as the erection of
scaffolding for repair work on the bridge.
the closure of traffic lanes or carrnageways
for road works, periods of drought {or
spring tides in estuanal waters) which witl
reveal foundations orscour, and painting of
steelwork which gwves opportunity for
examining the condition of the steel. Where
passession of a motorway traffic lane 1s
needed. it will usually be necessary to co-
ordinate this with other work and to avoid
daily or seasonal peak traffic flows

1.2.3 Where mobile equipment forunder-
deck inspection is 10 be used, the hourly
caost of hire is high and the inspection
should be carefully planned beforehand so
as to minimise the time needed. A



preliminary visit should be made to the
bridge to determine the best positions tor
the inspection vehicle, to give reference
numbers to the various components and to
foresee as far as possible any problemsthat
may arise. The engineer should be
consulted about the ability of the deck to
carry the vehicle particularly near the edge.
During the inspection a camera, with flash
equipment, shouid be used as a 'notebook’
and this could be supplemented by use of a
tape recorder. In some circumstances it
may te economical for the inspector to
have an assistant. A communication link
between inspeciors above and below the
deck may assist in examinations for cracks,
water leakage and other faults.

1.2.4 The land bengath some structures
may be leased by the highway authority and
used for agricultural or commercial
purpecses. It will then be necessary for the
inspector to check the arrangements for
access and, where necessary, give notice 1o
the user of the land that an inspection is to
be made. During the inspection a check
should be made that usage of the
underbridge area does not interfere with
the drainage system, is not detrimental to
the functioning or durabibty of the
structure, does not create a fire hazard and
does not produce an unfavourable
appearance.

.3 Making the Inspection

1.3 Acarefulcheck ontheidemity of the
structure to make sure it is the correct one
should be made. Mistakes can easily occur
and recards ¢an be misleading. Unless the
structure is already known, a quick look
round will be needed to make sure that
movement [0ints, bearings etg are correctly
identified and that the orientation is correct
for subsequent descriptive notes

1.3.2 The effectiveness of an inspection
depends entirely on conveying clear and
accurate information to the engineer who
has the responsibility of deciding on any

action needed. Every point should be noted
as soon as the observalion is made. never
trusting to memory. After noting details of
the defect, the notes should be checked to
make sure that the engineer will gain the
carrect impression from them. In addition
to recording defects or damage, their
absence should also be recorded or the fact
that previously noted defects have been
made good.

1.3.3 The weather at the time of the
inspecticn and during the previous few
days should always be noted. Rain, wet
surfaces or poor light can affect the
observations and the width of a crack or
joint may be dependent on the temperature.
Apparent changes in condition between
one inspection and the next can sometimes
be due to different weather conditions at
the times (nspections were made.

1.3.4 A routine for inspection should be
established For example, it may start with
the feundations. noting any evidence of
movement, settlement or undermining. The
abutments and wing walls would be dealt
with next, then the piers, columns and the
bearings on the top of the abutments and
piers. This would be followed by the soffit of
the deck including all lengitudinal beams
and girders, the fascia beams at the edges.
and expansion details underneath the deck.
The bridge deck would be examined next
dealing with the condition of the surfacing.
kerbs, drainage. expansion joints and
parapets not forgetting 1the approaches 10
the bridge. Finally, any superstructure
above deck level including the girders,
suspension towers and cables stcwould be
examined.

.4 Underwater Inspections

1.4.1 Structure located in water,
particularly where strong currents are
present should always be regarded as
susceptible to scour which, by removing
material from river beds and banks, may
undermine foundations. If probing



indicates a likelihood of scour orif the water
is too deep (even when at low level due to
tide or drought) to permit probing
inspection, a detailed inspection should be
carried out by a diver but this is possible
only if there is slack water or slow current.

1.4.2 It is essential that underwater
inspection is only entrusted to competent
pecple, experienced in this kind of work.
who are fully briefed on the components to
be inspected and the nature of defects to be
expected. Any cavities should be examined
with caution because of possible instability
and because small cavities may harbour
conger eels.

1.4.3 The inspection should include a
detailed survey of the river bed in the
vicinity of the structure to determine the
locations, profiles and extent ef any bed
degradation. Adetailed examination should
be made of the condition of abutments or
piers and their foundations.

1.4.4 Closecircuit television may be used
where the water is sufficiently clear. The
systems consist of a self-propelled camera
unit which is moved underwater to the area
to be inspected and the picture is
transmitted to the surface. Where visibility
is poor, or conditions are difficult, portable
echo sounding equipment can be used to
provide a reasonably accurate profile. The
diver requires no special skill to operate the
camera; he simpiy places the frame over the
target and pulls the trigger. The surface
monitor and use of 2-way transmitters
facilitates communication with the diver.
Without close circuit television the diver
must rely on simple notes and crude
sketches made under water. as an aid to
remembering exactly what has been seen.
Remote controlled video systems with
recording facilities may be used but are
expensive.

1.45 |f despite the fullest underwater
inspection there is still concern for the
safety of the structure. it will be necessary
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to lower the water level by pumping in
conjunction with bagging or a cofferdam.

1.5 Assassment of defects and reporting of
rasults
151 1t is recommended that defects
should be assessed according to their
severity and extent. Both aspects are
relevant to decisions abou! maintenance
and their use avoids any blurring of the
distinction between, for example, a single
but severe defect and extensive but
superficial deterioration. The following
scales are suggested:
Extent — A. No significant defect.
B. Slight. not more than & per
cent affected (of area. length
etc}
C. Moderate, 5 per cent to 20
per cent affected.
D. Extensive, over 20 per cent
affected.
Severity — 1. No significant detects.
2. Minor defects of non-urgent
nature.
3. Defects of an unacceptable
nature which should be
included for attention within the
next two annual maintenance
programmes.
4. Severe defects where action
is needed (these should be
reported immedately to the
engineer) within the next
financial year.

1.5.2 The results of the inspection should
be reported in the manner reguired by the
owner or the maintaining authority
probably using standard forms. One
version, used for motorway and trunk road
bridges in England and Wales, is the
Department of Transport's Inspection
Report form BE10 (DB) a copy of which is
reproduced in Appendix C.

1.5.3 Where the report formrequires only
a single marking for the condition of each
part of the structure. it is still useful to



consider severity and extent separately as
an aid to making the correct assessmant.
The severity scale usually prevails when
marking the fermand, inthe DTp Inspection
Report form, the goed, fair and poor
markings correspond tocategories 1. 2 and
3 respectively in the severily scale given in
para 1.5 1. A special note should be made
of defects requiring urgent action. The
extent of the defect and any relevant
circumstances such as restraint to
movement should be noted

1.5.4 Great care should be taken in filling
in forms, as an accurate and consistent
record of defects found is essential for
comparison with previous forms and in the
future with subsequent forms to show if the
pridge condition is changing. This is &
further reason for noting the extent of each
defect at all inspections.

1.6.6  Sketches or photographs should
be used to illustrate defects. Skeiches
should be made at the site and will normally
be freehand, approximately 1o scale but
with dimensions to show the size and
location of the defect. For greater clarity it
may sometimes be necessary to redraw the
sketches later in the office. Photographs
should preferably be in colour and should
always include a clearly marked scale. the
reference number of the bridge and
location of the defect. The latter
information may be written on the structure
in chalk before taking the photograph but
the bridge should not be left looking as if
covered in graffiti.

1.566 The reports of the General and
Principal Inspections taken together should
provide a continugus record of any
changes in the condition of the bridge and
the assessment markings for both types of
inspaction should be made to the same
standards. For the Genaral Inspections. the
location and erientation of all defects not
previously reported should be described or
sketched with sufficient accuracy to enable
them to be identified as defects aiready in

existence at the next inspection. it should
always be kept in mind that personnel will
change frem time to time and the records
must be clear to the newcomer. For the
Principal Inspections the reporting will be
more comprehensive. Full use should be
made of sketches and photographs to
record the condition of the whole structure.

1.6.7 Defects in bridges are discussed in
Chapter 2. Some of the features, in the
varicus types of structure, which should
receive particular attention during the
inspecticn are listed in the Anpex to
Chapter 2. This list is given to assist in the
inspection but should not ba regarded as a
comprehensive check list, since unusual or
unexpected defects occur from time to
time,

1.6 Training of staff

Staff involved in bridge inspection should
receive training if the high standards reguired
are to be achieved. Pericdic cross checking is
desirable to ensure that all involved in
inspection and maintenance are working to
consistent standards.
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CHAPTER 2:

Faults and
Deterioration

Defects are grouped under the four main
headings of Foundations, Substructures,
Superstructures and Components.

2.1 Foundations

The foundations of a bridge are basically the
piles, pile caps. spread footings or any other
means by which the loading from the
substructure is transmitted into the ground.

a. Deterioration of foundations

It is not normally possible to inspect the
foundations, but where they are exposed.
for example in tidal waters, their condition
should be checked. Concrete parts of the
foundation may show cracking. erosion,
disintegration or corrosion of the
reinfaorcement {see para 2.3.1}. Steel piles
should be checked for corrosion and an
attempt should be made to gauge the loss
of thickness. it may be necessary to chip out
corroded material 1n order 1o do this.

Timber piles are not often used nowadays.
but they may be found in old structures.
They suffer from attack by insects and by
fungus and from other forms of
deterioration {see para 2.3.4). If old timber
piles are uncovered during the inspection,
they should not be left exposed to the air
longer than is absolutely necessary.

b. Scouring of river beds and banks

The removal of material from the beds and
banks of rivers and from arcund the base of
piers and protective works such as
approach pitching may lead to subsequent
undermining especially during floods. It is
important therefore to look out for any
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changes in the river bed adjacenttoand ata
bridge. particularly after flooding.

¢. Structural faults due to settlernent of the
foundations

In a few structures the movements may be
sufficiently large to cause tlting. cracking
or excessive movement at joints. These
faults are usually due to causes such as the
unpredicted settlement or falure of
underlying foundation material, sometimes
associated with the compression of weak
layers of ground. underground workings.
development of cavities in rocks. scour,
irast action and changes in the water table,

The inspector should be on the lockout for
any indication that the structure 1s in any
way different from the 'as-built’ condition,
ag change of profile of an arch or outward
movement of wingwalls n relation 1o
abutments

d. Differential settiement

Problems arise from the differential
settlement of embankments and
substructures. These appear as
depressions in the road surface adjacent 1o
the bridge deck. Settlement may introduce
a risk of impact damage to the bridge from
vehicles and cause discomfort and nsk of
accidents to the vehicles and their
gccupants. Sometimes transition slabs are
used to reduce the effect of differential
settlement between abutments and the
approaches. Unfortunately these slabs, and
their supports are often inaccessibie for
inspection,

2.2 Substructure

The substructure includes the abutments,
wing walls, retaining walls, prers, columns
and bank-seats Construction materials are
usually concrete, stone or brickwork,
sometimes concrete with brick or stone
facings and occasionally steel or castiron (in
old structures)

a. Faults in concrete
These include cracking. deterioration of the



concrete and corrosion of reinforcement.
Corrosion may be a cause of cracking in
some members, particularly vertical cracks
in columns. In abutments. vertical cracks
may accommodate some of the movement
due to temperature changes. For further
information see para 2.3.1.

b. Faults in masonry and brickwork
These include cracking. loss of mortar from
pointing, locse or missing stones or bricks.
weathering, spalling or sphitting and growth
of vegetation. For further information sea
para 2.3.6.

¢. Drainage and water leakage

Surface water, cften containing de-icing
salt, may leak through the bridge deck and
joints; ground water may leak through
cracks, construction joints etc in the
abutments. Water leakage may cause
staining. corresien of reinforcement,
weathering and 'eaching of concrete and
masonry (with associated formation of
carbonated deposits and stalactites).
Leakage is often due to blocked weep-
holes, gutters or drains.

d. Movement of the substructure

This may be caused By movement of the
foundations and may result in inadequate
or abnormal clearance at the joint between
the back wall or upstand of the abutment
and the end beams or diaphragms of the
deck.

e Accidental damage

Vehicle impact may cause distortion,
buckling or the removal of structural
material. The condition of fenders or safety
fences is important.

2.3 Superstructures

The superstructure is the main element of the
bridge and many different forms are used,
depending upon length of span, tepography
and other conditions. The following
paragraphs discuss faults and detericration
of reinforced and prestressed concrete. steel
beams, girders and trusses, timber, cast and

wrought iron, mascnry and brick arches,
cable-supported structures and movable
brigdges.

2.3.1 Reinforced Concrete

a. Cracking of concrete

Fine cracks may be apparent in most sound
concrete surfaces, but those which
normally concern the inspector are the
ones which are visible to the naked aye on
the surface of concrete, ie 0.1Tmm and
wider, and which have some continuity and
sometimes a patiern.

It is guite common to see a multitude of
minor cracks when a wet concrete surface
is drying but usually, unless they are visible
in the dry surface, they are not significant.
Ideally. a map of crack patterns should be
prepared and information recorded of the
size. distribution and penetration of the
cracks.

The width of some cracks may vary with
change of temperature while others may be
tending to cpen progressively. Tell-tales
may be used to find out whether movement
is continuing. The type and pattern of
cracking will provide the Engineer with
some guidance as to its cause and the
records shouid clearly distinguish between
cracks transverse to the main
reinforcement, cracks along and over
reinforcing bars, diagonal cracks inwebs of
beams, closely spaced parallel cracks and
cracks forming a network pattern.

A photographic record is useful particularly
if significant cracks have been outlined in a
distinctive material, such as chalk or paint.
Spalling and staining of the concrete along
cracks should also be recorded as well as
the incidence of laakage.

b.  Scaling of concrete elements

This is the gradual and continuous loss of
surface martar and of aggregate often as
flakes. In some cases it may be aggravated
by wearing of the surfaces. It is most
commonly an indication of frost damage.



¢. Spalling of concrete

This occurs when pieces of concrete
become detached from the parent mass as
a result of, for example, local overstressing
or of corrosion of the reinforcement. It may
also occur as a result of fire damage

d. Corrosion of reinforcement

This is difficult to detect in the early stages.
but it gradually leads to staining of the
concrete surface and sometimes cracking
will be produced along the line of
reinforcement by the pressure of the
increased volume of rusted steel. Such
cracking eventually leads to spalling of the
cencrete and to exposure of reinforcement
leading to even more extensive corrosion
and serious loss of structural material. In
some cases rust stains may arise from the
residue of tie bars securing the shuttering
which have been teft in the concrete and
this may in fact have no significant
structural effect. They can also be caused
by particles of iron pyrites in the concrete.

Some new bridges also have rusty lines on
the soffit due to form work being marked by
rust staining from the reinforcement prior
to the placing of the deck concrete.

e. leakage of water

This can take place at expansion joints and
through concrete decks where
waterprcofing is absent or has failed. 1t will
penetrate most readily at construction
joints and areas of porosity particularty
where the sections are thin. The leakage or
seepage of water may dissolve out
constituent chemicals from the hardened
concrete. Its effects are evident by staining.
efflorescence. encrustation at cracks and in
the formation of stalactites. Apart from i1s
adverse effect on appearance. it can intime
present a corrosion threat to
reinforcement. because of the gradual loss
of alkalinity of the concrete.

f.  Porous econcrete
This is usually the result of poor
workmanship during constructien, for

9

example where good compaction of the
concrete s difficult, as 1s the case in
densely reinforced b