strain is proportional to the square of the frequency of vibration which can be determined
by converting elecironically to a voltage.

There are 4 variely of methods for measuring deflection. Selection is usualty
based upon site location, structure type and accessibility: Where theré is a rigid base for
fixing and access for visual reading then dial gauges may be used. Where remote
recording is necessary then electrical transducers may be requ:red

Sometimes stretched invar wires are used to transmit the deflection from the
bridge deck down 10 a position where gauges can be more easily installed. Where a high
degree of accuracy is needed laser techmques may be used. Where lower dccuracy is -
permissible precisé levelling may be adcquate It may be necessary to supplement the
measurement of deflections by measurements of rotation or change of slope, and this
purpose a number of commercially produced inclinometers are available.

On niany highway bridges it may be difticult to provide sufficient load to
prodiice measurable strains and deflections. When the strains, in particular, are sinall it
may be found that on subsequent loadings the original readings are nof repeated.

" Changing temperatures during thé theasurements will produce thermal strains which can

be out of the same order as those due to the loading. Careful consideration needs to be
given to the riethod of toading and the likely strains and deflections before any tests are
carried out. Jt may be necessary to select atime of day and weather when thermal strains
are small.

7.2.13  Leakage through waterproof membranes -

- An electrical resistance technique'may be used to locate ieakage through:
waterproofing membranes. The resistance is measured between the reinforcement in the
“concrete deck and contact points on the bituminous surface formed by sponges saturated
with water contain a welling agent. A high résistarice indicates that the waterproof
“membrane is intact but Jower values indicate leakage. Measuréments are made over a |
grid of points an contours of electrical resistance plotted. The results need careful
interpretation and allowance must be made for apparent leakage due to conditions at the
edges of joints.



7.3 Testing for the examination of steel bridges
7.3.1  Thickness testing

Testing for the thickness of members subjéct to corrosion can be carried out
either by direct measurement where access is available, or alternatively by special
ultrasonic testing equipment, Ultrasonic thickness testing instruments are available
which enable the thickness to be measured from one surface to an accurate of

_ approxmmtely 0.1mm. This can be particularly useful for determining corrosion loss in
prepatation for assessments of residual strength. Dist and corrosion products should be
removed from the surface before the measurements are made.

7.32  Weld sizes

Tn any cases where there are doubts about the quality of welding or where
evidenice of cracking or defects have been found the sizés of fillet welds should be
measured as leg lengths and in cases where the leg lengths are unequal both figures
should be recorded. In addition a comment should be made on the profile to indicate .
whether the weld is convéx or concave. If the weld is concave tlie throat should also be
measured. Any evidence of surface defects such as pores or undercut should also be
recorded. : -

733  Flatness testing

To check distortions and deviation from flatness the normal method is to apply
a straight-edge to the surface and to measure the gaps between the straight-edge and the
surface where deformations arc present and record the maximum deformation and
posmon The easiest method of measuring gaps of this sort is by using a tapered wedge

* calibrated in 0.Smmsteps, the wedge being pushed into the gap as far as it will go and the -
magnitude of the gap read directly from the wedge. The length of the slralght edgeused

and the gauge length between crests of any waves of distortion should also be recorded,
and a sketch provided showing the location of the distorted componeat in the structure.

Where distortion measurements have to be made over a longer gauge length
than it convenient for straight-edges the normal praclise is to use a taut wire stretched
oveér the gauge length with offSets taken by tapered wedge 0 measure gaps betwecn the
taut wire and the surface of the distorted component

7.34 Black bolt and rivet testing

All such items should be inspected visually to check that they are still present
and for any signs of looseness or movement.
They should also be inspected for evidence of corrosion or deterioration. In
addition light tapping by a hammer in the hands of an experienced inspector will indicate
“whether the items are still tight: When they are tight a ringing sound is produced which
penctrates into the full member, whereas when are loose there may be movement and the
sound produced is a dull thud.



735 HighE strength friction-grip (FISFG) bolt testing -

It may be reqmred dunng certain special inspections, that connections usmg
HSFG bolts are checked to determine whether the bolts are still correctly tightened. If
there is evidence from the original installation of the use of either load indicating devices
or the part-turn method it may be sufficient for occasional bolts 1o be checked. If there is
no cvxdence of 1hese methods being used more extenswc checks may be advisable.

Bolts should only be exainined one at atime, ¢ 'my loosened bolt removed and
replaced with a new bolt, nut and washer. Where a bolt is réemoved the exposed surface
should be examined for evidence of corrosion. -

7.3.6 - Dye penetrant testing

“This form of tésting is suitable for determining whether surface defects, and in
particular cracks open to the surface, are present. It is necessary to remove paint and to
clean the surface to be tested to obtain satisfactory results. Afler cleaning, the surface is
sprayed with a red dye of low viscosity which seeps into any cracks or other defects open
to the surface. The sample area is allowed to soak for period of some twerity minutes and
the dye is then cleancd off from the surface using solvent. A dusting of chalk powder is
then applied and if any cracks or surface defects are preseiit the dye seeps back from the
defect and appears as a stain on the white chalk surface.

The method of testing is relatwely straightforward but requ1res care in cleaning
and preparahon

7.3.7  Hardness testing

. - In cases where it is necessary to obtain an approximate indication of the .
'~ strength of steel in a particular location it may be posstble to carry out portable hardness
testing. There must be adequate access to the surface area under consideration and the
- surface must be carefully prepared to a polished finish. This can be done by first grinding
4 spot of the order of 10mm to 20mm diameter and then bufiing this surface using a fine
emery band to produce the required fine surface.

Portable hardness testing instruments fall into two main types. In the first type
the instrument has a ball or diamond which is pressed into the prepared ared and gives a
direct readmg on the scale in hardness numbers. Several repeat reddings should be taken
at the same localion and the average of these readings calculated as the hardness vatue.



74 Specialist Sm:*vey:s
7.4.1 Scdur Su vey

The diver’s observation may indicate obvious scour, but the main source of
inforniation will be from soundings. It is vital that soundings are refated to a fixed datum
which can be located easily arid readily at subsequent examinations and which can be
related to existing drawings of the bridge. Thus the changes in bed level and occurrence
of scour over an extended period of time can be recognised.

The s¢our survey should initially be undertaken from the water surface and
using measuring rods, weighted tapes or electronic sounding sounding devices, a bed
picture should be built up. On solid beds this is sufticient, but where the bed is soft and
may be overlaid with sift, then it will be necessary to take silt thickness measurements
and a determined attempt should be made to establish a true bed level. This is best done
by divers on the bed using sharp probes to iry to reach a solid bed and measure the
thickness of silt. Thus two soundings should be established at each location.

Measurement from datum to top of silt.
Measurement from datum to solid bed.

There must be two sets of scour measurements taken around the structuré. The
first is intenided to establish localised scour around a pier or cylinder efc..due to localised
disturbance of the river flow. This will often take the form of a deep depression on the
upstreamn nose and a build-up of silt downstream.

Soundings should be taken along a series of radial lines extending from the

* struclure at distances of Om. Im. 2m. and 3m. from the structure. On cylinders the radial
lines should extend from the quarter pomts and on’ plers lines should extend as shown in

Flgurc 7441 : . :

The second set of soundmgs is intended to measure general changes in the bed
and regime of the nver over a period of years. It consists of a series of cross-sections
taken across the river paralle] with the bridge. Soundings must be taken at 3m intervals,

- A minimuim of 4 cross-section should be taken, one at each face of the bridge, one on the

* centre-line and one approximately 30m upstream. The desirability of additional cross-
seclions should also be considered. The cross-section must be related 1o a fixed datum -
usuatly a bridge abutment - which can fix the cross-sections for subsequenl years, even
when substant:al changes have gceurced to the river.
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Chaptei‘ I  Intreduction
.1 General

This Evatuation Manual discusses the standardization and systemalizalion of
evaluation process on routine inspection data to identily the emergency ratings and
importance ratings of bridges for maintenance and rehabilitation works on the bridges
subjected to routine inspection.

Generally, the damage rating for deteriorated bridge and its componcnts has
been subjectively conducted only by skilted and experienced maintenance engineers. In -
order 10 make the rating process easily and accurately enough by unskilled engineers
and technical staff, systematization and standardization are indispensable for the
damage rating as well as prioritizing the dctcnoraled bridges for furlhcr
- ¢ountermeasures.

The first necessary malter to introduce is rationalization in collection of
inspection information on the bridge, using a regulaled inspection sheet and damage
rating table as described in the Inspection Manual. The second necessary maiter is to
standardize and systematize the priorilizing proccdurcs for the damaged bridges -
according 1o observation resulls.

_ This Fvaluation Manual deals only as far as evalvation of routine inspection
- resulls and leave the rest of prioritization works description in the Maintenance Manual.

1.2 Manuai Stru'i:turc :

“This manual describes cvaluallon slagc of bridge mamtenancc system and is
written for all engineers involved in bridge inspection and mamtenancc Operalions on
Ihe State Highway Nelwork in Turkey :

Thls manual consnsts of four chaplcrs, :

Chapter 1is the mtroduclory chapter and dcscrlbes the conccpt of 1hls
Evaluation manual.

- Chapter 2 describes contents and lactors of cvaluauon

" Chapter 3 describes evaluation approach using the result of bridge inspection.
_ _Chapter 4 describes the database system using computers to store the records
of result on routine inspection, maintenance and nhabxhlallon for fusther mspeclxon as
well as the evatuation system’ usmg computer. - :
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Chapter 2 Evaluatien Items and Factors
2.1 Evaluation Items

Evaluation shall be conducted on the items which are the same items for routine
inspection. The details of those items are described carefully in the Inspection Manual.
The items only are repeated in this section.

2.1.1  Foundation

The foundations of a bridge are basically the piles, pile cap and spread footing,
etc.. The evaluation contents of foundation are as below;

- Deterioration of foundation,

- Scouring of riverbed and bank,
- Settlement of foundation, and
- Deferential settlement.

2.1.2  Substruciure

The bridge substructure includes the abutments, wing walls, retaining walls,
~ piers, colunns and bank seat. Construction materials are usually concrete, stone or brick
- work, sometimes concrete with block or stone facings and occasionally steel or casl erIl_
- (inold stmcture} The evaluaixon con!en!s of substructure are as be!ow -

- Faults in concrete (mcludmg crackmg, detenorahon corrosmn of

~ reinforcement), : '

- Faults in masonry and bnckwork (mcludmg cracking, loss of monar from
- pointing, loose or missing stones.or bncks weathenng, spallmg or sphump
- and growth of vegetalion), _

- Drainage and water leakage (de—wmg sait through the deck slab and joints,
- ground water through construction jomls n the abutment, corrosion or-
- staining of
reinforcements, weathermg and leachmg of concrete and masonry) and

- Movement of the substriicture. :

213 ¢ Supe’rélmcturc '

: The superstmcture is the main elemcnt of the bridge and many dlﬁerent forms
arc used, depending upen length of span, iOpography and other condition. The f‘ollowmg
items are the evaluation contents of remforced concrete mcmber

- Cracking of concrete,

- Concrete peel off)

- Corrosion of reinforcement
- Leakage of water,

- Porous concrete,

- Alkali-silica reaction,

- Accidental damage, and



- Chemical atlack.

The evaluation contents of prestressed concrete member are deterioration of
prestressing cables.

Furthermore, the following evaluation contents are included for the steel beams;

- Corrosion,

- Fracture,

- Cracking,

- Deformation and dlstortlon

- Paint damage,

- Missing or loosing of bolts or tivets, and

- Excessive wear (members of accommodating movement such as pins in joints
or trusses).

2.1.4 © Comporienis and ancillaries .

Components and anciltaries of bridge include pavement, kerb and railing,
. expansion joints, bearings and drainage.
The evaluation contents of pavement;

- Wheel indentation,
= Cracking, and
- Potholes.

The evaluation contents of kerb and railing;

- Cracking of kerb,
- = Peel oft of kerb,
+ - Rebar exposure of kerb,
- Deformation of railing,
' - Corrosion of railing, and
- Missing of railing parts.

The evaluation contents of expansion joints;

- Loosing or movement,

- Freedom of movement clearance and alignment
- Water leakage,

- Crackmg of surfacing and buried joints,

- Deformation,

- Peel off, and

- Missing.

»

The evaluation contents of bearings;

- Body damage,
- Debris,



- Parts missing,

- Anchor damage,

- Bed damage, and

- Unusual movement.

The evaluation contents of drainage;

- Pipe damage,
- Blockage of pipe, and
- Inlet damage.

2.2 Evaluation Elentent
221  General

The evaluation shall focus on the elemnents listed below reflecting the
characteristics of faults and damages analyzed through the results of the Visual
Inspection;

- Emergency,
- Importance,
- Load capacity,
- Durability, and
- Aseismicity.

2.2.2 Eniergency

Emergency element applies 16 the whole bridge and all the structural members.
Emergency coeflicient is umformly applied to the whole bndge and its members.

223 Imponance

 Importance element considers the coefﬁments which are apphed dzfleremly 10
each bridge parts and members. Some important bridge members, i.c., deck slab, steel
girder, concrete girder, column and footing or abutment, for example shall have higher
importance coefficient.

224 Load Carrying Capacity

Load carrying capacity element is mainly applied to damages of deck slab in
relation with iraffic voluime. .

2.2.5  Durability

Durability is applied to the deterioration of main bridge members in refation
with traffic volume except deck slab.



226  Ascismicily

Aseismicity is applied to the deterioration of main bridge members in refation
with horizontal seismic coefficient.
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Chapter 3 Evaluation
3.1  Evaluation Procedure
3.1.1  Objective

_ The evaluation of bridge deficiency rate should be based on the results of
routine inspection. The concept of bridge deficiency rate is described as follows. The
bridge deficiency rate is evaluated in relation with the weighted criteria or with extent of
how riwchi four components of bridge (foundation, substructure, supersiructure,
components and ancillaries) will affect to the total structural function of the bridge.

For determmauon of the pnonly of the maintenance and rehabllllauon of
h1ghway bridges, the deficiency rate are converted to four-rank ratings, which aré
described in the latter section, by the statistical approach and are applied as the
evaluation criteria to the structural deficiency of the bridge.

3.1.2  Work Flow -

The bridge maintenance system presented in this manual is a suppon: system to
aid planning of maintenance and rehabilitation of highway bridges that is both
systematically arid practical’ The system involves the use of a computer to store
bridge-related data in a database system. '

‘When su:'pp!ied with data for a number of bridges; the system is able to
determine the order of priority for various maintenance operations as well as diagnose
the condition of existing bridges. The basic structure of the system is shown in hgure -

311
D)
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~ An‘understanding of fundamenlal dataof
existing bridges

~ Collection of bridge characteristics data
{includes survey)

]

- An understanding of the condition o[ lhc
existing bridges
+ Collection of bridge inspection dala
- (includes survey)

[ Evaluation of bridge deficiency rale J

I: Decision on repair operalion order priority

[ Bridge repair planning . |

Ct%

Figure - 3.1.1 " System Concept




32 Evaluation Weight
321 General

Systemahzahon and standardmat:on are indispensable where many numbers of
bridges ar¢ involved and same and repeated procedure for pnormzatron is required. Also,
in order to handle alarge number of data, the computer usage become very useful as well
as can ehmmate un-necessary rmstakeo _ -

There are two kirids of weightmg apphecl int order to involve computer use and
introduce standardization and systematization; on¢ is to make inspection rating of ‘A’ to
‘D’ into numerical value; and the other is to set up weight on different evaluation e!ement.’
‘The concept and actual value of weight aré described.

3.2.2  Numerical Value for Rating

Rating by alphabet is recommended in the Inspection Manual, i.e. from ‘A’ for
immediate repair work necessary to ‘D’ for nio measure necessary. The nuse of numerical
value tend to make the judgment of i inspection staffinto something of absolute judgment
and makes adjustment at later stage difficuit.

Adaptation of numerical value for each rating such as below is usually applied;

Table - 3.2.1 Numerical Value for Damage Rating

Rating Numerical Value
A 5 .

B -
C 1 -
D 0

Those numerical values shall not be an absolute judgment and shall be reviewed
and adjusted oflen to reflect the actual situation of ratings.

323 ' Coellicient for Evaluation Element
There are no fundamental theory for setling up of coellicient for evaluauon

element, however, from the previous experiences, the figures such as the followings are
' generally used,



Table - 3.2‘2' Coeflicient for Evaluation Element

Bridge Component Emergency Coefficient Importance

| Cocflicient
Pavement ] 1.0 0.75
" [Kerb & Rating 1.00 0.50
Expansion Joint 1.00 0.73 |
{Deck Stab ' 100 1.00
Steel Girder - 1.00 1060 ]
Concrete Girder 1.00 1.00
“[Bearing : 1.00 0.75
Drain - : ) 1.00 0.50
Column & Footing 1.60 1.00
Abutment & Footing 1.00 ) 100
 Embankinent 100 _ 0.50
Riprap 1.00 0.50
3.3 Evaluation Analysis

The numerical valued rating of inspection shall be calculated systematically
while applying the evaluation element’s coeflicient. In this regard, the emergency
element shall have the coefficient of 1.00 1o gt focus more to the emergency state of the
damages.

As 1o the imporiance element, niore structurally important component of
bridges shall get focused hence the higher coefficient applied to those members.

Other elements are added to those basic ones to !ake inlo 6onside'ration the

- traffic situation, and natural conditions ( particularly of seismic condition ) where the,
objective bridges are. As much attention as p0551ble shall be paid to evaluate the damage
state of bridges as a whole in view of load carrying capacity and durabmty to reach the
final judgment on priority for maintenance works. -

Summed total of points shall reflect the priority of maintenance work, however,
in quite ofien cases, the judgment of the experienced maintenance engineer and the
evaluation results do not have the satisfactory out come. The numericat value for the
rating and the coeflicient for the evaluation elenient shall be adjusted to have a good
harmony in both party’s oul came.
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Chapter 4  Database System
4.1 Introduction

Routine inspection and repair plans supported by output information from the
databases. The output information will provide a list of bridge to be inspected or repaired
in terms of existing damagc on bridges. This enables engineers to decide on inspection or
fepair plans more easily using information stored in the databases.

4.2 Systeim Concept

421  System Concept

The concept of system is Lo store inspection data, to evaluate of deficiency rate,
and determine the priority for repanr work by evaluating existing damages on bridges.
The basic structure of the system is shown in Figure - 4.2.1.

Inspection Data l’>’ Restoralion
. cof

o Data | | _1

. - Prionty for
“EBvaluation | ° Reair Work

| \__,_./

Figure - 4.2.1 System Coricepl .
422 Systém Stmcture

The computer “IBM PSV model-241 1"is uscd to load the database system
“This computer has enough capacity to accommodate the road inventory, inspection and
repair results for all the state highway bridges.

In order to manage information for méinte_namie work, the database
management system (DBMS) is used for the following reasons;

- it is commercially available in Ankara with the possibility of after-care service,
- -ithas enough functions and can formula{e a database system for mamtenance

work, .
-itis easy for KGM slaﬂ to mamtam and to make lmprovemenls in the system :

The hardware and software used in the system are shown in hgurc 4272 and
' Flgure 423,



Computer

IBM PSV MASTER-2411-RPM
- CPU : Intel i486DX4-100MHZ .
Internal Meinory : 32MB ; e ,
External Cache Memtory : 256KB | Display -

‘Internal Cache Memory : 8KB~ [PRET
Flash Memory : 128KB 17" MF8617

Fioppy Disk Drive : 3.5"(1.44MB)
CD-ROM Drive

Hard Disk(AT Bus) : 720MB
External 1GB

= Software :
Printer .
HP Laser Jet 4V | .| Windows: Versmn3 ll
A4 to A3 cut sheel MlCl’OSOﬂ ACCESS
Version2.0

Figure - 4.2.2 Structure of Hardware

. - Basic Bridge Dala
Input - Inspection Data
: - Repair History Data

. Data Accumulation

' \V ' : ] Calculation
“-Evaluation - Sorting
- - Order of Pnonty for Repair

Cutput

- Tigure - 4.2.3 Structure of Software
43  System Framework
43.1 ‘Systcnm Components
The highway bridge's inspection and maintenance syslem plays an 1mportanl
role for road administrators in the road's maintenance, management and operation. In -

order to apply the system effectwely for the practical maintenance work of the brldge
the system is subdivided into subsystems as shown in Figure - 4.3.1.



™
_J

Maintenance Works

Inspection
Routine Maintenance Operation -
Spec:ahzed Maintenace Operahon

Documents in File Database \\ (" Manuals N
D elsjll{;axlif‘_{:gsorts Bridge Inventory Inspection Manual
Sketchs | 1nspection Records
Photographs (Damage) Evaluation Manual
Design Repoﬂs , N . -
. Drawings ‘Repair Record Maintenance Manual
Photographs \ / @habilitation Manual /

Figure - 4.3.1 System Framf:work

The inspection and maintenance system for the highway bridge consists of a
database to manage maintenance information and manuals to assist KGM engineers with.
inspection and maintenance work as below;

- Inspection manual is handled out to assist inspection eng'ineers and staft with
routine, and special inspection work for the highway bridge,

- Evaluation manual provides methodology to pribritize_danlaéed bridges for
rehabilitation and strengthening the damaged components,

- Maintenance manual is drawn up so it can be applied to the bridge
maintenance

" in routine works on cleanmg and other proteciive opcrahons mcludmg
minor repairs such as spot painting or protective coating, and

- Rehabilitation manual provides repair métho’dology on rehabilitation,
components.

4.3.2  Database Framewbrk
) Struf:luré of Database

_ . The structure of dalabase as shown in Figure - 4.3.2, which is composed of
’ mvenlory, inspection, and repair mformahon together wnh 1he1r opcratmg applications.
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The database compiles all the information necessary to manage highway bridges
in a form of single database file, taking the easier access and information management by
unskified operators into consideration.

BN-RI-1 01/07/1997

BN-RI-1 10/04/1997

BN-RI-1: 25/04/1996

BN-RI-1 25/07/1995

BN-RI-1 10061995 | | |
BN-RI-1 04/05/1995 N o

: Time
Bridge Inventory '

N Inspectioi Records
(Damage} '

Repair Records

Figure - 4.3.2 Database Framework

o Although the database is formulated not to compile the whole data necessary
~for bridge mainténance, such as ‘photographs, figurés and other detailed information
-obtairied in maintenance work, the system is designed in such a way that the felated
information for maintenance work can be interfaced with key identifiers and record
number by work.

2) Key Identifiers

~ Database files are similar 10°a 1ablé that consists of columns and rows, Columns
are called a field, which corresponds to data items, and rows are called a record, which
corresponds to a collection of data belonging to & comnion key identifier, such as one
bridge in a database file. A record is distinguished by key identifiers that specify a given
data record from other records in a database file. The whole database for maintenance
work possesses several items with key identifiers at the head of each record.
Consequently, every record has particular key identifiers to access and exlracl data from
a database.

_ Key identifiers for the database, which is writtén into each data récord in a form
of sheet number, are defined as indispensable items with suppleniental iteins to identify
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maintenance work coh;iu_cted_ and bridge location on the Iiighwa'y. They are composed of
4 items-and their combinations are as follows;

- Bridge Number, _
Bridge number, which is composed of 3 items; route number, Kilometer-post
and subdivis{on on traffic direction.

- Work Category,
Maintenanice works in terms of i inspection and repair, is 0 ldennfy
maintenance operations conducted for a designated bridge. They are
categorized in the following character codes;

'RI: Routine Inspection,
SI: Special Inspection, and
RP: Repair.

- Ordinal Number and
“This item is to identify page (number) in the same combination of the ahove
bridge number and work category, using thie ordinary numbér in'a form of I,
2, 3, and s0 on. :

- Updated Date,
‘This item is to identify the latest mvcntory data for a deugnated bridge in the

database ﬁle

According to the above key identifiers in each record in the database, the system
can store, copy, and retrieve readily information necessary for information processing.

3)Data Ttems

The dataitems of thc databasc for bridge mamtcnance on the state hwhway are
determined in consideration of; : :

- Characteristics of the existing bridges on the highway,

- appropriale data volume to be managed by computer basis,

- effective usage of maintenance work, and

- appropriate data volume to be maintained by KGB staft :tself etc.

The details of the items for database is presented in Table - 4.3.1'.

Key identifiers are set up to identify designated data records in the database.
Aﬂnbuuve data are information essential to store into a database for maintenance work
belonging to a collection of key identifiers.

InTable-4.2.1, abbreviation and marks show the following;

© - Type (type of data) : X ;' character data, N : numerical values.
- Digits: number of digits of the item.
- "code” in remartks is a code item which is provided in character or number
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code together with detail charactets of the window ‘on the nionitor scréen.
4) Sj{stem Functions
The database system is formulated in such a way that it is possible to;

- Append, . _ -
adds new data to the database, and is used when new facilities are installed or
a new bridge on the highway is opened, or when inspection or repairs are
carried out.

- Alter, . _
alters information stored in the database based on changes in information, and
is used in such cases as when a bridge component is renovated.

- Extract, and _
allows for the extraction of information stored in the database by any
combination of retrieval conditioris, for eftective use of compiled data for a
wide scope of maintenance work.

- OQutpiit, - : :
“prints out information in a form of the latest inventory, inspection report,
repair report, and historical records in the same manier, in response to
the users request,



Table - 4;3;1 Data Items of Diat.abase

(115)

- Ttem (Name) [Type|Digits Remarks
(Key Identifier) '
Route N |3
Kilo-Post N | 6
Sub-Division N | 2 |by Traftic Direc.
Work Category X |2 [Code
Date of Work N | 6 [IMM/YY
(Bridge Gerneral) _
Bridge Name X |20
KGM-Division N |3  |Code
Division N |3 Code
Name of River X 120
Design Spec. & Load X |2 [Code
Bridge Length N |72
Span Composition X |25 -
Carriageway Width AN | 5.2
Side Walk Width N | 52
Skew Angle N4
Contractor X |20
Constructed Year IN | 4 YY
(Superstruclure)
Bridge Type X |2 ‘lCode
Type of Supporl X | 2 ‘{Code
Type of Structure X 12 Code
Number of Beams N |2 :
Type of Deck Slab X | 2. {Code -
Type of Surface X:1 2 [Code
Type of Railing X' | 2  (Code
(River Condition) -
Low Water Level N | 41
Low Water Level Width N[ 41
High Water Level N | 4.1
High Water Level Width N | 4.1
Current Velocity N | 4.1
Bridge Height from River Bed N | 4.1
(Site Condition) : .
Topography X1z Code
Geology X |2 [Code
Land Use X {12 |Code




Table - 4.3.1 Data Items of Database (2/5).

Item - (Name) -

Type

Digits

Remarks

(Traffic Volume)
Bus

Lomry

Pick-up
Passenger Car’
Total - -

Ch Lh L A

in AADT

(Inispection)
‘Work Category
Conducted Date
File Number

[+ 0

—
<

{Code

MM/YY

(Damage Rank)
) Pavement :Wave
Wheel Indent
Crack
Potholes
~ Overall Rank
Kerb & Railing :Crack -
Peel Off
Rebar Exposure
Deformed
Corrosion
Missing
Overall Rank
Expansion Joint :Noise -
- Water Leakage
" Deformed
 Peel Off
- Missing
: " Overall Rank
Detk Slab  :Crack '
Peel Off
Rebar Exposure
Honeycomb -
~ Void
Water Leakage
"Qverall Rank
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Table - 4.3.1 Data Items of Database

(3/5)

Item ~ (Name)

{Digits

Remarks

Steet Girder :Deformed
Crack
Corrosion
Worn
Bolt Missing
‘Paint Damage
Overall Rank
Concrete Girder :Crack
 Peel OfF
- Rebar Exposute
Honeycomb
Void
Water Leakage
Overali Rank -

| Bearing :Main-Damage

‘Parts Missing .
Anchor-Damage
Bed-Damage

Unusual Movement

Overall Rank

Drainage :Pipe-Damage

Blocked
Inlet-Damage
Overall Rank
Column & Footing:Crack
: Peel Off
Rebar Exposure
Honeycomb
" Void
Water Damage
Displacement
~ Scour
Overall Rank:
Abutment  “:Crack
Peel Off
Rebar Expostire
Honeycomb
Void
Water Damage
- _Displacement
Scour
" Overall Rank

| Einbankment - :Depression

Erosion
- Overall Rank

zxxzxxxxxxxxzxxxxxxxwzxxxzxxxxxzxxxxxxzxxxxxxg




Table: 4.3.1_ Data Items of Dalab_age

(/s

~Ttem _ (Name) _|Tspe|Digits | 'Remarks
Riprap ‘Missing X |t
Erosion X 1t
Displacement X |1
Qverall Rank N | 2 .
{(Damage Indices) - {tobecalculated
Emergency Index N {3 '
Imporiance Index N.{3
{Repair Works) . -
Pavement  :Conducted Date N {6 ' |MMYY
Work Category X-1'2 |(Code
Repair Methods X 190 |Comments
Cost ' N | 6 x 1,000,000 TL
File Number X |10
Kerb & Railing :Conducted Date N |6 |MM/YY
Work Category X ]2 |Code
Repair Methods X |90  {Comments
Cost N.| 6 ix1,000000TL
File Number X |10
Expansion Joint :Conducted Date N |6 |[MMYY
Work Category X |2 |Code _
Repair Methods X |90 - {Comments
Cost IN | 6 |x1,000,000TL
File Number X |10
Deck Slab ~  :Conductéd Date AN | 6 MM/YY
~ Work Category X |2 {Code .
. Repair Methods 1X |90 : |Comments
Cost N |6 Ix1,000000TL
~ File Number X |10 ‘
Stéel Girder :Conducted Date N | 6 |[MM/YY
Work Category X | 2 Code
Repair Methods X |90 |[Comments
Cost N 6 - 1x 1,000,000 TL
_ File Number X |10
Concrete Girder :Conducted Date N | 6 |[MMYY
‘Work Category X |2 Code
Repair Methods X190 |Comments
Cost N | 6 [x1,000000TL
File Number X |10 '
‘| Bearing :Conducted Date N.|:6 - |MM/YY
Work Category X |2 |Code
Repair Methods X 190 [Comments
Cost N 6. |x 1,000,000 TL
File Number X {10 : ‘
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Table - 4.3.1 Data items of Database (5/5)

Ttem (Name) Type|Digits | Remarks
Drainage :Conducted Date N | 6 [|MMYY
Work Category X 12 |Code
Repair Methods X 190 |Comments
Cost | N {6 [x1,000000TL
‘File Number- . X p10 . _
Colunin & Footing:Conducted Date N6 IMMYY
Work Category X |2 |Code
Repair Methods X {90 |Comments
Cost ' N | 6  [x1,000,000TL
File Number X |10
Abutment :Conducted Date N | 6 |MMYY
Work Category X |2 Code
Repair Methods X |90 [Comments
Cost N | 6 - Ix1,000000TL
File Number X 10 :
Embankment  :Conducted Date [N |6 |MMIYY
Work Category X {2z Code
Repair Methods X 190 [Comments
- Cost N | 6 |x1,000,000TL -
File Number X110 :
Riprap :Conducted Date N | 6 |MMYY
Work Category X |2 |Code
Repair Methods X |90 |Comments
Cost IN | 6 [x1,000,000TL -
___File Number Ax i
{Comments) 1 ‘
r | X |75
2 X (7S |
3 Ax |75
4 X {75
5 X {75
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4.4 Cording, Inputting and Reporting.
441 Coding and Inputting

- The data to be registered into the system falls into the follovﬁng three types;
inventory data for a bridge including the name, location, type and tength of a bridge,
etc., ; preliminary check data for a bndge based on bridge deficiency evaluation surveys

performed periodically; and bridge repair history data containing the detailed and history
of a repaired bridges as shown in Table - 4.4.1.

442 Out'puuing and Reporting
The datato be prinied from the system can easily be output to the printer. After

outputting the data, sketch and photograph should be put on the data sheet. The -
- procedure from inputting to outputting are shown in Figure - 4.4.1.
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Chapter 1 = Introduction
1.1 Introduction

Highway bridges are important elements of the road network by virtue of their strategic
location, and because of the consequences when they fail or when their loading capacity is
reduced.

Maintenance is essential in prolonging the serviceability of highway bridges and in
keeping bridges in use throughout their design life. Regular routine maintenance ensures that
eléments of the structure, notably the visible elements, are kept in a condition that meets these
requirements. Some elements, such as bearings and expansion joints will need to be changed or
modified at regular intervals, for the structure as a whole to achieve its design life. Other
elements such as steel parapet railing will need to have the protective system renewed if these
- components are not to corrode.

Lack of maintenance leads to early deterioration of highway bridges. Highway bridges
must be protected from the onslaught of environmental factors such as weather or the eftects of
- scour which can seriously impair the structural integrity of the bridge. Expansion joints, if not
repularly cleaned, can seize whichin time will exert addmonal forces on othcr structural elements
suchas abutment cuirtain walls. ‘ '

© This Maintenance and Repair Manual provldes advice on maintenance and reporting of
' KGM’s highway bridges in addition to covering access arrangements and oul!mmg safety
considerations. Procedures and methods for comprehensive mainienance work including
cleanmg and rcpalrs commonly camed out on hlghway bridges are discussed.

1.2 ‘Man'ual Slruclure' '

Thas manual is written for all pcrsons mvolved in bridge maintenance opcrauons on the
. State nghway Metwork in Turkey. This manual should not be used i in isolallon but as part of a -
wider approach to bndge mspecllon aud mamtenance operatlons :

The manual consvst of 7 chapters Chapter 1 being the mlroducuon Chapter 2
describes bridge maintenance in general before showing the relationship between the database,
bridge inspection, bridge maintenance and repaic. The objecuves of maintenance and repair, and
general procedures applicable to maintenance and repair, are described in Chapter 3. Details of -

froullm, ‘maintenance operations, repair operations and specialised maintenance and repair
" operations are provided in Chapters 4, 5. and 6 respecuveiy Finally Chapter 7 descnbes access
and safety considerations relating to maintenance and repair works.
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Chapter 2 Maintenance and Repair Outline
2.1 Aims of the Maintenance and Repair Manual
2.1.1  Systems Applicable to Maintenance Work

For effective management of KGM’s bridge stock, a systematised maintenance method
is of great value to the bridge administrators. The system records the existing condition of the
bridges on the state highway netwotk, and ensures that remediat measures are undertaken when
they are needed. The relationship of this maintenance and repair manual to the systein as a whole
is explained below.

a) Standardisation of Infonmation and it’s Collection
' By standardising the various types of information relating to bridge management and
maintetiance, this information can be used throughout the KGM organisation without
the need for extensive training.

b) Standardisation of Work Procedures
As there are so many items of work associated with the maintenance and repair of the
bridge stock, it is difficult to ensure that they are all uindertaken on time, and to record .
the current situation. By standardlsmg the approach to inspection and maintenance, set .
work procedures can be applied with the result that maintenance is much more effective.

c) Fﬂlcaenl ln[‘ormauon Managcment
The use of a database to compile and manage maintenance information allows all
engineers and admmlstrators to easily extract current mformatlon wlai to their work. :

: As part of this system for mainténance works, this manual will assist KGM engmeem in -
-carrymg out repalr works’ eﬁecuvely and upgradc the quahty of their maintenance and repair
works.

213 'Objéclive.s of the Mainténancé and Rebair Manuai e

To achlcve the mlprovemcnts oﬂered by the maintenance system described above for
the state highway bridges, this manual provndes advice for personnel engaged on maintenance
work in the following ways:

"a)  Maintenance and Repalr Melhods

- The manual prowdes techmcal adwce on the p!anmng of mamtenancc work the causes
of defects , the selection of rcpatr methods and guidance on specnﬁc mamtenance and repair
Operations C o

b)  Maintenance and Repair Work Procedures

The objectives , categorisation and procedures of bridge maintenance and repaic
described will result in smoother operation of the KGM maintenance organisation.



c) A Reference Book for Bridge Méintcnahcc

Alihough this nianual concentrales on maintenance associated with the KGM state
h:ghway bridge network , it provides technical guidance which can be applied to bndge
inspection and maintenance generally. Tt should therefore assist in the training of engineers and
worknen.

2.2 - Framecwork of Inspection and Maintenance System
221 General
)] Systein Components

The bridge inspection and maintenance system is an important tool for bridge
administrators in the bridge stock's maintenance, management and operation. In order to apply
the system eftectively to the practical maintenance of highway structures and facilities, the

system is subdivided into subsystems as shown in Figure - 2.2.1.

The inspection and maintenance system for the KGM’s highway bridges consists of a
database to manage mainteiiance information and manuals to dssist KGM engineers in
inspection, naintenance work and operation of the database system.

The "Inspection Manual” is presented to assist mspectaon engineers in inspection works
- covering routine, emergency and the further detailed special inspection work for the bndge
stock.

The “Evaluation Manual” provides the niethodology to prioritise damaged bridges for
~ rehabilitation and strcngthemng to the damaoed bridge componems

ThlS "\4amtenance and Repair Manual“ is prepared to apply comnmn!y to all the brldges

- on the state highway network. The manual is drawn up so that it can be applied to routine bndge _
- mainteiiance operations such as cleaning and othier protecuve operations mcludmg minor repairs
such as spot painting or proteclive coating. The repalr section provides repair methodology on
rehabifitation, strengthening and improvement measures for a defective bridge or its

_ pomponents

~ The manuat on repairs is particularly useful in that it covers a range of repairs that can be
carried oul to maintain the bridge stock.

: The Database System Users Manual is presented to operate the database system by
_ KGM engineers. The inveritory database applies to all bridges on the state highway network.
Separate inspection and repair databases have been created which interconnect with the
“inventory database.

2} Systematisation of Mainteriance Work

The systematised maintenance work flow is explained in general by Figure - 2.2.2.
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lnspechon and rcpaw plans are supphed with output information from the database. The
output information provides a list of bridges and facilities to be inspected or repaired in terims of
the existing damage to highway bridges and facilities. This will enable enginecers to decide on
inspection and repair plans more ¢asily using information stored in the database.

Inspection and repair manuals also support inspection and repair work and cover
‘methodology, work methods, equipment for work, reporting, and inputting information for the
database.

The inspection and maintenance system will prowde a broad base of support for the
maintenance and inanagement of the bridge stock, and it will improve wotk procedures and
methods resulting in greater efficiency and less incidental damage to these bridges.

222  Manuals for Inspection and Maintenance Work

The manuals cover all items essential to inspection and maintenance work from
fundamental concepts to execution methods. In addition the manuals arc user- l”nendly, to assist
KGM staffin their daily maintenance work. All of the manuals have been prepared to lmprove the

" inspection and maintenance work by the application of the developed system, so that it is possible
to:

- Provide information on the condition of all of the bndges covered by the database

- Ensure régular inspections are being undertaken

- Allocate priorities to the required maintenance operations

- ensure appropriate remedial measures are taken

- Permit the control of maintenanee expenditure, and avoid unexpecled maintenance

costs

2.2.3°  Database System
1) : Daiabase Framewbrk

The database for inventoty, inspection and repalr compnscs scparate database files for
 the different areas of information. This results in effective computer usage, and avoids the
“duplication of information. l'lgure 2.2.3 shows the relationship between the inventory database

and the inspection and repair database.

_ <<Inventory Database>> <<Inspection and Repair Database>>
Pavement Inspectioh Database

Kerb & Railing ’ .
‘Expansion Joints
‘Deck Stab

Steel Girder
Concrele Girdex
Bearing

Drainage

Column & Foolmg
Abutment
| Embankment

| | Repair Database

Figure - 2.2.3 Database Framework
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2) Database Record Storage

~ The record storage system for the database is shown inFigure - 2.2.3.2 and is composed
of inventory, inspection and repair information together with their operating applications.

ecords are stored in chronological order and according to type of record for a
designated bridge (denoted by BN in Figure - 2.2 4). The three main categorics of work
identified for maintenance works records aré as follows:

RI - Routinie Inspeclion
81 - Special Inspection
'RP - Repair

A fuller explanation of the database record retrieval process and system functions can be
found in the Evaluation Manual and Database System Users Manual. An empty and a completed
database record sheet are shown in Appendix 1.

2.3 Inspection and Maintenance Procedures
23.1  General Work Flow

The purpose of maintenance work on highway structures and facilities is to ensure they
are in good condition, to avoid intecruption of the flow of traffic and to extend the life of the
infrastructure. Figure - 2.3.1 illustrates the process of the maintenance system, comprising

_inspection and repair waork, in the form of a flow chart . The condition of highway structures and

facilities is first established by inspection, and then repairs are undertaken as necessary to correct

- any defects that are found.

The routine daily inspections of a highway 1 will discover and record some of the defects
" in highway structures and facitities, and this information will supplement the bridges database.

© However it is the ofganized routine inspection programme for structures ’:hat will provide
detailed information for the database,

The inspection of the major elements of a structure, such as the superstructure,
pavement, expansion joints and suppoils, is recorded in the database whether or not defects are
found. In this way the process of inspection is recorded.

However the results of i mspectlon of secondary elements are only entered into the
database if their damage rating is worse than level "C".

Where the damage rating for an element is Jevel “A”, urgent repair may be required. If
s0, the repair shall be undertaken before the observations are entered into the database.

- Following the discovery of defects in a miajor structural element of level "B" or worse, a
“ special inspection would normally be undertaken to establish the cause and possible
‘consequences. ' -
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The 'deci'sion_'io carry out repairs following the discovery of serious defects should take
account of the following considerations:

- influences on the flow of vehicular traflic
- the safely of third parties
- any eftects on the load carrying capacity of the stnicture
- durability of the structure
- the annual repair plan and budgets

The inspection, maintenance and repair , and system user manuals provide guidance on
the information to be entered into the database, and the method of data entry. System users can
retiieve the stored information as it is needed in relation to specific maintenance work. The
output can be obtained on a daily, monthly or annual basis.

232  System Components

The inspection and maintenance system provides support for its users in the following
ways.

1) Judgment of the need for repairs

The scope of structures and facilities is defined by the system, fogether with a
standardized system of categorizing defects. Four ranks {A,B,C and D} are used to define the
severity of defects. Level "A" is the most serious. The decision 1o repair a structure is based upon
these ranks in addition to the annual repair plan and budget.

2) Selection of methods of repair

“This manual provides gmdance on appropriate repair methods for the various prohlems
encounteréd: In some cases further inspection or investigation, following dlscovery of a‘defect,
will be necessary to ensure an appropriate repair method is chosen. For example, the reasons for -
crackmg in concrete members are often not immediately apparcnt and further irivestigation may
be appropriate. However expected defects; such as pavement wear, can be repaired without the
need for flirther investigation work. '

3) Repair Records

Coding sheets are provided for recording repair works. A single sheet is applicable to all
bridges. ' ‘ '

4) Operatio'u of database

The system perinits the users to mappend” , “alter" or "delete” repair data. Output is in
the form of a "repair report”, “member list to be repaired” or "cost evaluation list" to assist
engireers in planning repairs.

The Syétcni user manual describes the operation of 1he database in detail.



5) Reporting of repair results
Repair report forms can be output from the database system: As these provide formal

records of repair and maintenance work in KGM, it is important to check the output to ensure
that all data was correctly entered.

2~ 10
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Chapter 3 General Approzjcli to Maintenance and 'Repair Work
3.1  General
3.1.1  Application of the Maintenance and Repair Manual

"This Maintenance and Repair Manual for the State Highway Network provides a
comprehensive reference document on maintenance and repair works. It covers the aims of
maintenance work, the procedures to b followed, planning, . specific maintenance operations
aiid reporting. The inanial has been written to apply to the types of bridges, likely defects and
appropriate remedial measures which apply to the state highway network. However the guidance
provided will equally apply to similar structures elsewhere.

3.1.2  Objectives of Maintenance and Repair

The existing State Bighway Network has an important strategic role as the primaty
highway route network for vehicular traflic connecting major cities in Turkey.

' With a high annual increase in vehicle registration and vehicle usage, this role will
increase in the future together with economic growth and aclivity in the country.

Within the context of the State Highway thwork the bridge stock plays a key role. Itis
essential that the bridge stock is adequately maintained so that premature detenoration is not
encountered.

Maintenance and repairs to the bridges shall be undertaken 1o ensure their servicability
and to liniit road accidents:

- to prowde the best possible and safest service for bridge users,
To avoid a reduction in the service provided and to limit the number of road acmden!s
“and consequential disruption, it is important to’ mamtam the carriageways and _
associated facilities in good condition, and to avoid any reducuon in lhc load canymg
capacities of the structures.

- to protect third parties from harm.
Where the state highways pass through urban areas road accidents are likely to result
in injury to third parties.lt is therefore important to repair dcfects which could cause
road accidents.

- 10 ensure durab:hly of the structures
Failure to repair a damaged structure will often resull in an increased rate of
* deterioration. Adequate maintenance will therefore prolong the life of struciures.

- to prevent environniental deterioration, |
Deterioration of the highways would cause damage to the local environment, in terms
of noise, exhaust gases and vibration due to traffic. In addition a lack of bridge
mainienance can resuli in aesthetic deterioration of an area.



Good maintenatice minimises the costs of ﬁuslammg a lnghway nelwork in addltlon to
meeting the objectives described above.

Maintenance and repair works may be sub-divided into the following three categories
according to their objectives:

- Rehab:htatlon : ‘
To restore the function of a damaged or detenorated situcture ¢ or facility to |ts mmal
condition, in order to achieéve the original load carrying capacny, ducability and

~ aesthetics etc.

- Reinforcing
“To strengthen the funclion or capacity of a damaged or deteriorated structure or
facility, in order to correct an originally inferior function or capacity:

Improvement '
“To provide a damaged or deteriorated structisre or facility wnh better functions or a
higher capacily then it originally possessed, in‘order to cope with increased needs,

3.1.3  Maintenance and Repair Work Framew;ork

Maintenance and repair work is ¢ategorized into routine maintenance operations and
specialized maintenance operations as shown in Figure - 3.1.1.

{ Cleaning ]
—l Routine Maintenancg— : { Protective Operanon]
Maintenance] | - ' —{ Minor Repair |

Operations

——[ Urgent Repair |

{Specialized Repair |

H Specialized Maintenance }—|—-

- Figure - 3.1.1 Maintenance and Repair Framewaork
Routine maintenance work is composed of cleaning and minor repairs, as follows:

A Cleamng -
“To maintain structures and assocmted facilities in good condition, it is necesary to
“clean an_d to remove debris and vegetation from abutment and pier bearing shelves,
around bridge bearings, expansion joints, drainage inlets, etc.

- Protective Operations
To ensure the continued Runction, durab:hty and aesthetn,s of bndges and associated



facilities, protective operations must be uridertaken at appropriate times. These would
include petiodic repair of protective systems to steelwork structures.

- Minor Repairs
These include small-scale repair work arising from washouls and embankment
erosion, the replacement of missing or loose nuts and bolts, etc.

- Urgent Répair
Immediate remedial work is needed to restore a damaged componeént to a condition
for which only routine maintenance is necessary. Work should be scheduted for
completion at an early date to prevent further damage ta the componenit or the need
for complete reconsteuction at a later date. :

- Special Repatr '
As a result of unexpected damage or deterioration, special remedial work is
necessary.lt requires special skills, equipment or materials to restore the function of a
damaged component.

In addition to the above, emergency measures will sometimes fequire immediate
altention to ensure the safety of vehicles and third pariies. These may include the removal of
damage members, or the provision of traffic management and lighting equipment.

3.1.4 Specific Bridges

The inspection and maintenance system defines the specific bridges it covers, along with
their components and the records of their condition. This information is stored in a standardised
manner. The bridges and their componerits are classified according to function, material, defect
and maintenance characteristics. Particular maintenance records must be sintilarly classified to -
ensure correfation with the inventory. ‘

The syslém covers all elements of the specific bridges, including superstructures,
: substructures pavement, traftic safety facilitics and embankment protection, dmded into twelve
Categoneq

- Pavement : pavement of bridge,
- Kerb&Railing : concrete kerbs and steel railings,
- Expansion joints  : buried and rubber joints,
- Deck slab - concrete deck slab,
-'Steel girder - steel girders or truss members :
- Concrete girder - reinforced or prestressed concrete gtrders including cross irders, -
- Bearing : rubber pads or steel bearings, '
- Drain - composed of inlets and water outlet pipes,-
- Column&Footing : columns,column crossheads and footings,
- Abutment " walls, columns and footings,
- Embankment : embankment and shoulders within 5 metres of the bridge ends,
- Riprap : riprap at bridge ends.



32 Maintenance and Repair Works
3.2.1 Mairrte'nanoe and Rep.air Work Procedurcs
There are three categories of inaintenance and repar'r work :
- cyclic maintenance works, such as oleanirig
- une\rpected renedial measures which require immediate attention

. - repairs wluch can be undeﬂaken within a programmed schedule

| The work procedure for repaits is 1llustrated by Figure -3.2.1. T he dclarls of this
approach are described below:

a) Extract members to be repaired

Members for which defects have been found, but not repaired, are recorded within the
database. It is possible to extract a list of such members.

b) Cost Evatuation

* Having selected the members to be repaired, a detailed assessment of the works
required and the locations shall be carried out to ascertain the costs involved.

'¢) Budgets Plan

- The results of the co_st' evaluation shall be included in a budgets plan, taking account of
all maintenance and repair requirements including cleaning and urgent repairs.

-'d)' ~ Aniwal Plan

~'The purpose of the annual plan is to control maintenance activities whilst spreading the
work load throughout the current year. In preparing this plan account should be taken of :

- the preferred timing of certain activities, such as the dry season for river embankment
protection works

- the availability of specialist components such as expansion joint parts.
- budgetary constraints
¢) Execution Plan

Short-term (monthly or weekly) plans of work shall be prepared, allocating fabour,
equipment and materials to the various work focations within each time period.
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f) Uhexpeotcd damage dis'covcr'ed by routine inspéction '

The need for urgent repairs wnll arise a$ damage is discovered by routine inspection. Tt
will be nccessaly to respond immediately to some of these situations, even though they do not
appear in the current execution plan. Such repairs niust be given the highest priority to avoid
further damage.

g) Further Survey Needs

The engmeers must decide whether further detailed inspection work or monitoring is
necessary prior to tackling a repair, and establish how additional information will be gained.

h) Further Survey
A survey plan shall be prepared, and investigation carried out aCcordin’gly.
i) Repair Design

Once all of the necessary background information is available, detailed repair design
shall be undertaken. Detailed drawings and matenal specifications will have to be prepared.

i) Contract Work

It is necessary to decide whether repair work is 1o be carried out by KGM's direct labour
force or by a contracting company from the private sector.

k) Contract

~ When repairs are to be carried out by a private sector company, it will be necessary to
- tender the work and to let the contract to the successful tenderer.

" 1) . Repair Work by KGM -
~ Repairs are carried out by KGM.
m) Repair Wo'rk By Private Contracting Company

. "A pnvatc contracting company conduclts the repairs under the supervision of KGM, or
consul{mg engincers on behalf of KGM.

n) Codi'ng!A:pproval of Engineer
cha:r results shall be coded on standard sheets by bndge engmeers responsnble for

maintenance, the results being verified by the chlcf bridge mamiena nce engineer before inputinto
the database.



o) - Input into Database

Coded repair results for repairs shall be input into the relevant repair database file by an
operator.

p) Outpui from Database

- A repair report, which is one of the available output forms from the repair database, is
to be used as the ofYicial report form for KGM's repair database. At the same time, output reports
can be used for confirmation of correct input of repair data.

q) Repair Report

An original printout of the above repair reports should be kept on file in the bridge
maintenance department. Photocopying of the originals should only be undertaken by authonzed
personnel to ensure that only current information is passed onto interested parties.

3.22  Maintenatice and Repair Planning
1) Cleaning Planning
a) ‘Work Items

Cleaning works must be plannied, priof to the execution of works, on a monthly and
yearly basis, before the commencement of the fiscal yeat. Psqenhal cleaning works for bridges
are as follows:

- Road surface cleaning

- Dock drainage facility and culvert cleamng

- Bridge joints

- Bridge bearings

- Concrete barriers

- Lighting

- Piers, abutments, wing walls and retaining walls

- Concrete beams; steel beams, girders, trusses; and fascia panels
- Removal of vegetation :

b) - Annuat Pla'nning

An annual cleanmg plan in the form of a table for the year, shall be eslablashed It shall
take account of*

- Seasonal characteristics such as rainy and dry seasons, to ensure that each area of -
cleaning work is carried out in the most appropriate season,
- Consistency of manpower for execution of work throughout the year,
© - Appropriate arrangéments for equipping the works,
- Work conditions and safety of workers,



- Traftic conditions and roadside conditions.
) Monthly Planning
Monthly cleaning plans in the form of tables, shall be established. They shall include:

-----

- Dela:ls of eqmpmem requlrements on a daily ba51s

Based on lhe estabhshed yearly and monthly plans, lhe progress of cIcanmg achieved
shall be regularly reviewed and managed. It may be necessary to modify the orlgmal plans to
perform cleaning work eftectively.

2) Repair_P!a'ﬁning
a) Work [tems

Repair work is more difficult to plan than cleaning operatlons Some repaiis may need
- specialist attention and others will arise unexpectedly.

For this reason repair work is divided into two categories. The first is unexpected
energency repair work, which shoutd be undertaken immediately on dtscovery of the problem.
The secornd is repair work which can be carried out as part of a routine repairs schedule.

Routine repair comprises protection and carrying out minor repairs as follows:

- Repainting of steel structures and facilities,
- Sinall scale repairs due to washouts and embankment erosion,
- Rep!acemem of loose or missing anchor nuts and bolls,”
- Minor repairs to pavement, drainage, kerbing, parapet raiting and expansion joints,
ete.

Repanrs other than those described above cither fall into the Lategory of spcmahzed
repalrs or have resulted from an emergency inspection. Repairs categorized as urgent require
KGM to restore the damaged components immediately to prevent fusther damage to the
component or the likelihood of a further accident. Speciatized repairs may require further
‘inspection to determing the repair method, evaluate costs and plan a budget according to the
'work content and S})ECla| skills or equipment required, etc. S

Thei inspection and maintenance system can assist bridge repair engmeers in formulating
a repair plan as follows.

b) Anaval Planmng
Having extractcd from the database a list of nembers 1o be repaired, an annual plan can

be prepared taking account of any budgetary constraints: It should take the form of a table, and
must take account of: :



- Preferred times of year for particular types of repa:r

- Consistency of manpower for execution of work throughout the year,
- Appropriate arfangenients for equipping the works,

- Working conditions and the safety of workers,

- Traflic and roadside conditions.

c) Execution Planning

Monthly or weekly execution plans, in the form of charts, shall be prepared. They
shoutd include the following:

: Detailed manpower requirements on a daily basis.
- Détailed equipment availability and equipment requirements on a daily basis.
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Chapterd  Routine Maintenance Operations
4.1 General
4.1.1  Objectives of Routine Maintenance Works

The structures and their facilities on the state highway network are constantly affected
adversely by road traflic and natural conditions. Even if all of the bridges had been constructed
exactly as designed, the loadings were always below those assunied in design, and no direct
damage was caused by vehicles, their performance would still deteriorate. Accumulated ditt and
debris would affect the road surface, the performance of the drains, and the functioning of the
bearings and expansion joints.

Routine maintenance relates to servicing rather than repair. Its objectives are:

- to ensure that the bridges continue to function as inténded,
- to protect against deterioration, and to thereby ensure durability,
- to provide the best possible service to users of the state highways.

* Routine maintenance does not cover the repair or renewal of structural elements or

- components which have beconie unserviceable because of general wear and tear or deteriorated
for other reasons, Such work should be identified during the regulac mspectlon process and

shouild be mcluded ina pianned structural maintenance programme. :

412 Routine MaintenauCc Framework

: * Routing nuaintenance work generally involves repetitive operations which are
technically simple. Although many items of routine maintenance are fairly minor in themselves,

~ failure to carry them out may ieéad to deterioration of struciures and the need for more serious ©

© - repair operations in ihc future. Typical acltvnttes are .

- s:mple cieanmg by mechamcal nieans or by hand (of cary lageways verges jOlIIlS,
- 'drains, gutlers eic.), removal of mbbish and vegetation,
- replacement of damaged or dete_noratcd safety barriers.

- lubrication operations. ' :

413 Prequency of Routine Maintenance Works -

The rate of accumulation of dit and debns on the camageways and in the drams will
sdepend on the traffic densily, proportion of heavy vehicles, topographic conditions,
-~ meteorological conditions and the immediate environment. Consequently frequencies for the
various routine mamtenanceoperatmns must be derived based upon local experience. Table -
4.1.1 gives maximum routine maintenance intervals for typical activities.. :



Table 4.1.1 Roulme Maintehance Intervals -

_Activity Routing M. amlcnance Imerval

Road Suiface Cleaning 6 months

Clean out road guilies 6 months (*)
Clean out draitage man-holes _ 12 months
Cleaning bearing shielf 12 months
Cleaning signs and lighting _ 12 months

Clear vegetation - - 12 mionths
Cleafance of flood debris fromrivers: | . 12 months.

(* before and after the wet season)
4.1.4 Routine Maintenance Schedules _

Routine maintenance schedules set out the operations to be undeitaken, and their
frequency. KGM Bridge Maintenance Engitieers should identily those items of routine
maintenance which are appropriate for each particular structure, and prepare a schedule of
operations. Reference should be made to the Structuré Maintenance Manual (if any) to ensure
that any specific requirements are included, particularly for large ard complex structures and
compoilents. The schedule should be’ appended to the Structure Maintenance Manual, and will
remain valid until an element or component is replaced or modified. A typical scheduleis -
provided in Appendix 2. '

4.2 Cieaning Works
421 General

"Road cleaning is essential to reduce danger to road users. The removal of dust; rubbish,
- "and objects which have fallen from vehicles, provides an important contribution to road safety
~ “and the flow of traflic. Similarly the maintenarice of drains, fences, signs and lights improve

- driving conditions. o '

" There are three categories of cleaning works :
- Road sutface cleaning : machine cleaning using a sweeper and/or a sprinkler, or the
manual removal of larger objects
- Drainage cleaning : machine cleaning using a jet cleaner and/or manual cléaning
- Bridge facilities cleaning : 'machine cleaning by jet cleaner and/or sprinkler or manual
cleaning o
422  Road Surface Cleaning’
) Planning

Cleaning of the road surface over bridges is generally undertaken within the overall
“highway cleaning strategy. The appropriate method of road surface cleaning and the efticiency



achieved will depend upon the nature and condition of the highway and its environment. It will
therefare be necessary te plan according to local conditions to ensure appropriate cleaning
distances and _ frequencics are chosen. Other considerations are the location of the depot,
machine capacity and locations of tips.

The quantity of dirt and debris on a highway will depend on the traflic volume,
proportion of heavy vehicles, topographic and meteorological conditions and the nature of the
local environment. In urban arcas measures must be taken fo prevent dust forination as a result
of sweeping. High winds may necessitate more regular cleaning to limit the adverse effect of dust
on driving conditions. : '

2) Cleaning Methods

_ For the purpose of removing dirt and debis from the highway, cleaning is undertaken by
ntechanical or manual methods, or by a combination of both. :

a) Mechanical Cleaning

. Road sweéper machines are used 1o clean along each side of the carriageway, or along
cach side of both carriageways where appropriate. Figure - 4.2.1 shows a typical machine. -
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: Since the operation of a road sweeper in itsélf raises dust, which can present a hazard to
drivers, measures to reduice dust will be necessary ii certain'situations. This is achicved using
sprinkter equlpmcnt incorporated in the road sweeper machine, or a separate road sprinkler inay
be used prior to cleaning if dust formation is particulaily severe.

Brush type road sweeper vehicles should be of the high speed type. The entire surface of
the brush must be kept in light contact with the road surface during sweeping.

b) Manual Cleaning

Manu'al'cteaning may be used for the removal of dust, debris and objects which have
fallen- from véhicles. Material removed is loaded onto a truck which runs along the edge of the
carriageway, for transportation 1o a suitable tip.

Itis unportant that the truck is parked 50 as not to obstruct traffic: In some sﬁuahons it
will be necessary to position cones aid a sign behind the vehicle.

423  Cleaning of highway drainage

Most of the drainage components will not be at bridge locations, and their cleaning will
be carried out as part of the overall highway routiné maintenance.

A jet cleaner is gencrally used to remove accumulated dust and sand from buried pipes,
including pipes cast into bridge piers. Blocked pipes will result in the build up of water on the
. carriageway, with consequent eﬂ‘ects on traffic flow and road safety.

|  The high pressure water expels dust and sand from the pipes, and into the guflies.

. Flushing with water after the gullies have been emptied will complete the cleanmg process.

~ Where water pressure is ineffective, obstructions can be removed by passing a screw auger

* through the blocked pipe and then flushing with water. Alternatively for large pipes it may be
‘ p0551b1e to remove obstructions by manual scraping.

Dramage ditches must be cIeaned out, either manually or usmg the suctlon dewce ona
road sweeper machine, to prevent overflow and ﬂoodmg of the carriageway.

424  Bridge Facilities Cleaning
1) Cleaning of Bridge Joints
Some bndgc joints, particu!arly on large bridges, iticorporate drainage components.
' They must be cleaned to remove accumulated sand and grit, to prevent water collecting on the

' bndge deck. Bither manual or jel cleaning is normally cmploycd for this purpose

_ “Care must be taken when jet cleaning joints to ensure that water and sand do not sp'ill'
onto adjacent roads or properties. -



2) Cleaning of Concrete Barriers
Concréte parapets arid barriers should be cleaned, either manually or using a jet cleaner,
3) Cleaning of lights and road signs

Over a period of time dust accumulates on the surfaces of lights and road signs. It must
be removed  to prevent the gradual deterioration of road lighting and sighing. An elevated
platform or hoist will be needed for this cleaning operation, so due consideration mist be given
to safety measures.

4) Cleaning of bridge bearings

Mechanical and sliding bearmgs must be cleaned to ensure that they continue to
function as intended. Accumulated dirt and debris on any moving parts should be removed using
a jet cleaner, or by hand. It may be necessary to use an clevated platform or hoist, so due
consideration must be’ given to the method of working and safety measures.

4.3 Clearance of ¥lood Debris from Rivers

Flooding of rivers crossed by the State Highways sometimes results in the accemulation
of debris around bridge supports. This can affect the flow of a river locally, in turn causing scour
around the foundations. Routine inspections will identify such problems.

* The clearance of flood debris is a technically simple operation, which can be undertaken
in conjunction with the cteaning of bridge bearings, generally on an annual basis. However
additional clearance works will be necessary following periods of floading,

‘4.4 ¢ Labowr and Equipment -
441 “General

Routine maintenance operations by their nature are small, repetitive and technically
simple. They can generally be undertaken by a small gang of workmen with timited cquipment.
Guidance on the levels of labour and equipment is provided below.

1} Cleaning and chris Removal
chular cleamng of bridges, including hand sweeping, cleaning of drain plpes and bndge

bearing shelves, removing debris from expansion joints and drainage openings, and semoving
grafliti from the structure.



Table - 4.4.1 Labour and E qgi_pmcnt for Cleaning and Debris Removal

Labour . Bquipment
1-Foreman . Pick-up Truck -
1-Driver . Water Jet Truck
1-Machinery Operator : Compressor
3-Labourers ' . Drain rods

* - Flagmen (as required) . and sundry hand tools

2) - Cleaning and Painting of Stéelwork, Signs and Guard Rails

_ To totch up paint work on bridges,signs and guard rails. Cleaning of roadside steelwork
affected by spray and spash in wet weather or sall spray in the winter months.

Table - 4.4.2 Labour aind Equipmcnt for Cleaning and Painﬁng of Steelwork

Labour _ . Equipment
1-Foreman . . 1-Truck - extending p!atform preferrcd
1-Driver . 2-Extending ladders

2-Labourers
Flagmen {(as necessary) ©

)] * Repair, Clcaﬁing and Lubrication of Bfidgé Bearings

* The repair, cleaning and lubricauon of bearmgs is necessary penod(c serwcmg for all
“types of fixed and expansion type bearings. T he extent and frequency of servxcmg is determined
by the bridge inspection programnie. This task does not include jacking or propping of bridge
~decks as this is deemed a specmhst operauon ' '

Table - 4 4. 3 Labour and quulpmem for chalr Cleanmg and Lubricahon of Bndge Bearmgs

Labour S - i Equipment

I-Foreman. . . ¢ - 1-Truck _

- 1-Welder - S ¢ 1-Arc welding unit

- 2-Labourers ST ., ¢ E-Compressor P
Flagmen (as required) = o : 1-Acetylene cutling & welding unit

- 1-Sand blaster
~ Power hand tools, various types
1-Generator
" Various small hand tools
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Chapter 5 Repair Operations |
51 - General
5.1.1 - Principles of Repair

Repair operations are those maintenance activities which address specific defects
identified by the inspeclion process. They can be categorised into rehabilitation, reinforcing
and improvement.

“The urgency of a repair will depend upon the consequemes of not carrying it out.
Some repalrs will require urgent attention to ensure the safety of road users or other
mernbers of the gencral public. Others will have an urgency governed by the ratc of
detérioration of the unrepaired structure or element, or by the need to restore a structure’s
load carrying capacity.

It is not possible to define repair operations apphcable to all structures. The
defects encountered and appropriate methods of repair will vary accordmg to structure
types, and the elements concerned. However before tackling any repair it is important to
~ esiablish the cause of the problem. Failure to do'so is likely to result in an ineffective repair.

5.1.2  {onsideration of Repail‘ Methods

_ The process of choosing a suitable method of repair is shown by Figure - 5, 1.1,
The following items refer o specific parts of the process.

- Further investigation is likely to entail a more detailed inspection of the defective
area, perhaps using special access equipment or specialist inspection equipment.
Analysis of data acquired from this investigation should assnsl the decision
making process.

- Monitoring will help to cstabhsh whether the defect is getung worse, and if so
the rate of deterioration.

- The process ensures that all key decisions are checked to avoid the waale of
£ESOUFCES.

- When the serviceability of a structure falls below a certain level repais becomes
essential 1o safeguard its users and/or the general public.

- Sonietimes a repair will be necessary {o maintain the durability of a structure,

- Repair may be necessary for safety reasons.

52 Remedial Measures for Conerete Structures
5.2.1 General

* Many concrete structures have a high level of structural redundancy. Tn addition
the weight of a concrete structure accounts for a SIgmﬁcam proportion of the total loadmg
It is therefore raré that a concrete structure fails suddenly, without first showing signs of
distress. Nevertheless such bridges deteriorate with time; and the need for some:
maintenance during the life of a concrete bndge is almast inevitable.



Defect
- Discovered

J ;

Select Méthod of
Urgent Repalr

Furlher

Consid:{

I Conflder ] .

| Consider safﬂy—l

“Need ™~
- for Repair o1
~Slenptheni

: IScIccl method of repair or

N

{Dcsign of repair o strengthening ]

v
@slrudibl

[[Reeod ]

| THE STUDY ON _
THE MAINTENANCE AND REHABILITATION of
HIGHWAY BRIDGES in THE REPUBLIG of TURKEY
AUGUST, 1998 1
ORIENTAL CONSULTANTS CONPANY. LIMITED
- in association with
JAPANOVERSEASCONSULIANISCOHPANYLIHIED

Figure - 5.1.1

- Process of Choosing a Repair Nethod




‘There are various causes of deterioration. Which of them applies should be
determined prior to the design of a repair.

522  Classification of Bridge Types

The various types of struclure encountered on the State Highway Network are
- shown in Figure - 5.2.1. There are several types of conciete bridge, as follows :

- Reinforced concrete simple girder, and simple slab,
- Reitiforced concrete continuous girder, and continuous slab,
- Reinforced concrete gerber simple/continuous girder,
- Prestressed concrete simple girder, -
- Reinforced concrete frame,
- Reinforced concrete arch,
- Reinforced concrete bowstring arch,
' - Composite steel/concrete

523 Defects in Concrete Structures
) Types of Defects

The defects eﬁcountéred in concrete structures are
a) Cracks

~ Cracks are associated with most forms of distress in concrete structures. They
may be the result of plastic movement, shrinkage, overstress, restraint to bridge movement
caused by siczed bearings, differential settlement of thie structure, the results of scour, or
chemical attack. When a crack is discovered its location, width and length should be
recorded to enabte its development to be monitored and its cause to be established.

by :-Séalil1g

Surface pitting of exposed concrete surfaces resulting from freeze/ thaw cycles is
known as scaling. Large areas can be affected. The entertainment of air in a concrete mix -
has been shown to be effective in preventing this form of detcrioration.

c) ‘Spalling

Expansion beneath the surface of concrete, for example as a result of
reinforcement corrosion, produces tensile stresses which exceed the concrete strength and
arcas of the concrete surface break away. This effect is known as spalling. Typ:cal Causes

- are concrete carbonation and chloride attack.
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d) Pdpouls

Popouls are cavities in concrete caused by the ‘expansion of porous aggregates or
reactions between constituents of the concrete mix. They usually appear soon alter
construction, but may not occur until later depending on the depth of embedment, the level
of instability and the concrete permeability.

¢) Honeycombing

Honeycombmg occurs where the spaces betiveen coarse aggregate particles are
madequately filled, with the result that the hardened concrete has an open structure. It is
caused by the loss of cement grout where fornwork is inadequately sealed, or by
segregation of the wet concrete.

2) Causes of Defects
a) General

Defects in concrete structures result from many factors such as poor design
detailing, consteuction deficiencies, structural failure due to overstress or loss of section
resulting from other defecis, ficeze/thaw effects, chemical attack, seltleriient of the

-foundations, changes to the support or loading conditions caused by scour or silting,
-~ failure of bearings or expansion joints, and traffic collision damage. Table - 5.2.1 details the
various Causes. :

Table - 5.2.1 Causes of Defects in Concrete Siructures

incorrect _ + inappropriale steuctueal arrangement
concept s _inapproptiate structural form
- o design specification error
_ calculation’ + inadequate factor of safety
| design - errofrs * stress analysis error
efvors » oniission of design consideration
» poor reinforcement of prestressing detail 4
‘ . + failure to provide al) of the required Ia.mforcememflcndons
draving/detailing o oulling drawing errors
CIrors + inadequate checking of drawings
s poor gualily conctele
poor materials ¢ poor qualily reinforcement or prestressing tendons
. *__use of incofrect grade of material :
construction + unsuitable construction method or order of oomln:cuon ‘-
errors ¢ inexperienced or carcless workmen
¢ temporary works failuses form\mﬂ\ and falsework)
; ' ‘ ¢ inadequate supervision
" { poor \\orkmanship + deterioration of material cansed by madsqualc storage
: - conditions
s incicased iraihc le\ els o1 ov erloading
« accidental damage ( collision, falls, fire )
external o patuial phcnomena { food, subsidence, heave, carlhquakc)
effects ‘s influences 6f the bridge approachés
o . chemicat action ( sea water, polluted water, de-icing salis, anbome pollution)
L J

faituce of adjaceni structure resulting ia diffecent ground conditions



It is often difficult to establish the cause of a defect when the visible evidence
gained from inspection is limited. Design and construction records may be of assistance if
they are available. Various causes may have contribuied to the formation of a particular
defect. However every effort should be made 1o determing the cause to ensure that the
correct repair strategy is adopted.

Sometimes the cause is clear, for example fire or collision damage.
b) Design Erfors
Common design errors which tesult in defects are’

- the specification of insufticient concrete cover to reinforcement, which results in
cracking and spalling.

- failure to allow for the effects of ¢reep

- incorrect movement joint spacings and locations

- poor detailing of expansion joints

- poor drainage details which result in leakage or cloggmg

¢} - Consteuction Errors -

Adequate supervision at the construction stage is essential to ensure that the
works comply with the design. Many inherent defects can be covered up, but severe
problems may arise some time later. Typical construction defecls are :

- - incorrect concrele mix proportions

- failure to adequately support remf‘orcement resulting in movement during
concreting
- inadequate cleaning out during preparation for concreting
- failure to provide the specified concrete cover to reinforcement
* - insufficient compaction of concrete

- inadequate formwork. support
- lack of curing of concrete elements

d) - Corrosion of Reinforcement

The corrosion of reinforcement is caused by carbonation and chloride attack.
Carbonation involves the loss of the protectwe alkaline environment provided by good
quahty concrete. The presence of excessive amounts of chloride ions, originating from salt
in maring locations and de-icing applications, or from the ise of the admixture calcium
- chloride, will also deslrby the passive layer which prevents corrosion. When reinforcement
- corrodes it expands causing tensile stresses in the surrounding concrete 'which result in

cracking and spalling.

) Expansion Joint Faiture

" The failure of expansion joinis may result in undesxrable stresses in concrcte '
clements and/or leakage of contaminated water onto the elements below. T hc



accumulélit)n_of debris in 4 mechanical joint can cause it to sieze, so that thermal
movements can only be accommodated by deformation of structurat clements. Excessive
stresses may result in compressive or tensile failure of concrete. -

f) Settlement

Settlément of a structure, which was not anticipated and allowed for in design,
can result in very severe damage to concrete structures. Wide cracks and crushing where
members come into unintentional contact may indicate that settlement has occurred. When
settlement is suspected a structure should be carefully monitored to assess whether
movement has ceased or is continuing. Excessive seitlement can cause complete collapse
of a bridge. ' :

) " Alkali-Aggregate Reaction
- Some aggregates used in concrete react chemically with high alkali cements,

causing disruption of the concrete. This form of deterioration is called alkali-aggregate
reaclion, and results in extensive cracking.
k)  Oversiress

Structures may be overstressed by conditions outside the control of the designer
and constructor, such as overloading, changes to the flow of a river, failure of adjacent
structures and various natural causes.
h Vehicular Collisions

Following a véhit:ula:" collision with a bridge, careful consideration of the _
structural effects must be carricd out by an experienced structural engineer. Damage to
primary elenients can severely weaken a structure, or even cause collapse.
k) Fire Damage

Simifarly the effects of fire damage must be assessed by an experienced strucl(x ral
engineer. Defects such as cracks, spalls, delamination of the_concrele cover, deformation
of reinforcing bars and deflection of structural members can seriously aftect the
performance of a bridge. Exiensive fire damage may necessitate replacement or
strengthening of affected members. '

m} Scour

- The effects of scour can change throughout the life of a structure. Accumulations

of silt and debris may reduce the channel of a river or causc it to follow a different course. .

Similarly the uncontrolled extraction of gravel or sand from river beds can affect the flow,
causing scour at bridges further along the river. As scour can completely undermine the

" foundations of a bridge and thereby cause it to collapse, it is essential that its accurrence is
detected at an early stage or preferably prevented.



3) Causes of Specific of Defects in Particular Eleinents

The locations and types of défects in paiticular elements can be predicted to some
extent, by consideration of the elentent behavior and construction techniques.

a) l)eck slabs

Thie locations of structuiral and shrinkage cracks will vary bctwecn solid slab
decks and beani and stab decks . The orientations of cracks will depend on the skew of the
bridge and the reinforcement conﬁgurallon Generally shrinkage cracks will be evenly
spaced between points of réstraint sirch as girders. Solid slab decks will tend to crack near
free edges when subjected to excessive loading, and near the obluse corner if they are
heavily skewed.

Chloride attack will tend to affect the upper surfaces of deck stabs, particularly
where de-lcmg salts are frequently used. Edges of slabs subject to water ninoff may also be
aftected.

Carbonation may also be most severe on upper surfaces; lower surfaces will
generally be sheltered. However low concrete cover is a common defect or slab soffits, 50
reinforcement corrosion, spalling and surface delammahon will be encountered.

- Honeycombing should be rare in slabs because they are relatively easy to cast,
- provided the formwork is well sealed. However pieces of timber, reinforcement oft-cuts
- and tie-wire will often be found cast into the soffit.

" b) Girders

- Prestressed concrete beams should not contain significant cracks transverse to the-

. direction of prestress. The presence of such cracks may indicate serious deterioration or !

overtoading. Cracks which follow the lines of post-tensioning tendons may have been

- caused by plastic settlement of concrete in a confined area, or they may indicate that some
wires have fractored and re-anchored :

Shrinkage cracks in reinforced concreté beams are likely to be transverse to 1he
axis of a beam, and evenly spaced. Flexural ciacks imay be found in the soflit near mid-
span, and diagonal shear cracks in the side faces near the supports. Vertical cracks may be
encountered in the side faces of deep beams.

_ Yloneycombing can oceur in areas of heavy reinforcement in gnrders Congested
cross scetions also make the removal of construction debris difficult, so pieces of timber,
reinforcement and wire will often be found cast into beam soflits. Beam sofiits wﬂh limited

“headroom are vulnerable to coltisions from high vehicles.

- Problems with bridge bearings may results in crackmg and spalling in lhe support
regions of beams.



C) Piers and Abutments

Shiinkage cracks are frequently observed in the faces of bndgc abutments and
slab- typc piérs, as a consequence of the large mass of these elements. Pier columns are
more likely to crack as a result of structural effects.

~Inadequate bearing details can cause localised cracking and spalling. Walls and
columns can be difficull to cast, particulacly if they are heavily reinforced. Consequently
honeycombing can result from inadequate compaction.

Failure of expansion joints or drainage systems can result in large flows of
contaminated water over bearing shelves and abutment faces, resulting in chloride attack
and reinforcement corrosion. Reinforcement with inadequate concrete cover is particularly
vohierable. It is therefore comnion to find exposed, corroding reinforcement, cracking,
spalling and surface delamination. Bridge piers can be vulnerable to collisions, and bridge
supports in or adjacent to tivers can sufter from scour.

5.2.4  Repair Techniques

The techniques used to repair concrete struclures require specialist skills,
equipment and materials. The following methods are described in Chapter 6 :

- Crack Injection

- Small patch repatrs usmg a proprietary polymer-modified cementitious mortar

- Cancrete repairs usmg a pmpnetary polymer-modified concrete

- Sprayed concrete repairs using a propnetary polymer-modified cementitious
mortar.

53 Minor repairs to metal stractures
©53.1  Repairs to Structurat Members
1) General

Defects in structural steelwork members can seriously affect the strength and life
of a structure. Loss of section or deformation of the thin components of a steelwork
section can change its properties to a large extent. For this reason the decision to repair a
steelwork member must always be made by an experienced structural engineer.

The sirength of a member may be governed by local or globai bucklmg
“considerations rather than by a yield criterion, and the geomelry of a cross section and the
_presence of any local imperfections will affect the buckling resistance. In addition the

introduction of holes or other discontinuities niay have implications on the fatigue
resistance of a member, and consequently its life.

‘However some local defects can be repaired, without the need for replacement of
the affected member. Consideration must be given though to whether temporary additional
support is needed while cepair work is being undertaken.



2) Types of defects

Typical defects encountered are :

a) Deformation of a flange and/or web as a result of vehicle colfision.

b) 'Corr.os_io_n caused by \i_vater_ peneteating the bridge deck or bridge exp’ansidﬁ joints.
<) Corrosion caused by the build-up df watér and debris in arcas of poof detailing.
d) Deterioration of the steelw ork protectlve system as a result of atmosphenc

condifions, sall spray from vehicles, or physical damage.
€) ' Damaged or missing fasteners

1)) Damage resulting from structural distress such as cracking; pa'rticu]érly in the
region of welds, local or global buckling and yielding of elements.

3) Repair of minor defects

Correction of very minor deformations by heat treatinent will be possible in some
© ¢ases, but it is important to understand what has caused deformation before attempling to
“rectify it.

. Where fasteners are damaged or missing, new ones equivalent to the original or
intended fasteners should be tightened unless they are high strength friction grip bolts, in
which case they should be replaced. Tightening of these bolts requires extension beyond
the elastic limit, so that retightening would result in a weaker connectaon than assumed in
the de31 gn.

'4) Localised remedlal painting

‘Corrosion of steelwork will require some degree of reniedial painting. Where
extensive breakdown ‘of the protective system has resulted from water penetration or
normal deterioration with time, full re-painting should be undertaken. Guidance on this
specialised maintenance operation is given in section 6.2.5.

Local patch repairs to a protective system should use the same types of paint asin
the cvuslmg systcm to ensure compatibility. Surface preparation will normally be carried
~ out using a wirc brush. Allhough this method will not remove rust from pits in the steel
sutface, the use of grit blasting would cause too much damage to the sufrounding coating.
The exlslmg paint coats should be feathered back to ensure overlaps of at least 75mm for
each repair coat. Drymg times recommended by the paint manufacturer must be adhered
to so that each coat is properly cured prior to overcoating.
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5) Damage resulting from struciural distress

- Ttis unlikely that minor repairs will suffice where defccts have resulted from
structural distress. Such defects may indicate inadequate design or overloadiag of a
structure, in which cases strengthening of the affected members may be required.

Weld defects can result from poor welding practice during construction. Whilst
repaits may be possible, speclal expertise is needed to investigate, repair and test structurat
welds.

5.3.2  Repairs to other metal elements

Vehicle and pcd:eé_trian parapets, lighting columns and traftic signs are often
damaged by vehicle collisions, in addition to corrosion. With the exception of repainting,
repairs would generally be limited to either complete or partial replacement of elements
affected.

* Collision damage to a parapet may nécessitate repairs to the parapet anchorages
in addition to the fence itself. Guidance on concrete repair techniques is provided in section
6.23.

5.4 Repairs to Carriageway Surfacing
5.4.1  General

The condition of the carriageway surfacing is crucial to the performance of a
highway. It aflects the riding comfort for vehicles, but more importantly it determines the
level of safety of the highway. The loss of skid resistance and the accurrence of surface
deformations adjacent to bridge expansmn joints and potholes present severe hazards.

Delenorauon of the carnageway surfacing commences as soon as a hlghway is
opened to traflic. Traflic loadiug, the effects of weather and the aging of lhe surfacmg
materials all take their toll.

Major maintenance intervals and strategy for the highway as a whole will be
determined on the basis of a detailed assessment of the defects present. However localised
defects will occur both on and off structures dunng the periods belween major
maintenance works, and appropriate local repairs will be necessary. This section describes
those defects which are likely 1o be eiicountered in the surfacing over structures, and the
repair methods which may be adopted. :

The defects found in the surfacu.g on bridges and viaducts vary from those whtch
occur in general pavement’ consteuction because:

- the base course is rigid,

- the base course is impermeable,
- the presence of éxpansion joints creates discontinuities in the wearing course.
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~ In particular the enlrapment of water within the surfacing on a s!lucmre can cause
severe damage I)y exfoliation (smppmg) of the asphalt mixture;

- Deterioration of the surfacing sesults in foss of rldmg comfort, mcrcased
vibrationat effects applied to the structural elements and the expansion joints, and
increased water penctration through the surfacing to the upper surface of the bridge deck,
Defective surlacing will deteriorate rapidly, so repairs must be undertaken qmckly when
the need arises. :

The criteria to be adopted in the repair of carriageway surfacing are that the
carriageway must be:

- even
- strong
- resistant to sliding

542  Types of Defects

“The defects encountered in carriageway 'surfaping on bridges and viaducts, and
their likely causes, are given by Table - 5.4.1. Some forms of defecis are peculiar to the
surfacing on structures.

a) Cracks

In addition to general cracking in the surfacing, cracks often accur between
bridge expansion joints and the adjacent pavement.

-~ b) | Faulting (level differences)

Level diﬂ‘erehccs can occur adjacent to bridge expansion joints, both over the
struclure and beyond it. ‘They are caused by the difficulty of compacting the asphalt
- mixlore around a joint, and of compacting the underlying backfill adjacent to 2 structure.

) Flaws

Flaws on the pavement surface are caused by traflic accidents and objects falling
from vehicles. As the surfacing on structures can be relatively thin, such damage can
- extend down into the structure. Any damage to the expansion joints, bridge deck
waterproofing (where it exists) or deck must be carefully examined béfore the surfacing is
repaired. Whenever damage affects more than half the depth of the susfacing, an area of
surfacing extending 0.5m in each direction (measured from the edges of the visible
damage) shall be removed to facilitate a thorough examination of the structure or
waterproofing below.
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Table - 5.4.1 Defects in Carriageway Sutfacing on Structures, and their Causes

“Classification

‘Likely Cause

Damage
relating
mainly to
the
pavement
surface

Cracking :

- Hair tine crack
- Wider crack

- Inferior quality of mixture
< Unsuitable compaction {emperature

Deformation

- Rutling

- Longitudiral roughness
- Corrugation =

- Bump

- Depression

- Flush i( bleeding of asphall)

- Excessively heavy vehicle traflic (static load)
- Insuflicient stability of mixture

- Vehicles running on a particular line

- Inferiot quality of mixtore

- Braking of vehicles oti a slope

- Severc traffic conditions

- Insufficicnt stability of mixture

- Uneveriness of stab suiface

- Excessive or uneven application of tack coat
- Excess of asphalt in mixture

- Use of soft asphalt

- Excessive or uneven application of tack coat

Faulling

= Ircegularity near bridge
expansion joint

- Viriation in stiffress between bridge
expansion joint and pavement

- Unevenness at the joints of structures

- Deformation caused by the lack of stability
of the mixtore

- Abrasion

Disniption

- Pot hélc

- |- Exfoliation of asphalt

- Weathering

‘|- Blistering

- Inferior quality of mixturc

- Insulficient conipaclion

- Penetration of ratnwaler ele.

- Connecling bolts of steel-deck stab

- Very dense mixture
- Swelling of air which i is lrapped undcr
sarface course
- Ev aporahon of solvent from tack-coal
- Evaporation of moistnre from the concrete slab

; Abrasio'n

- Polishing

- Insuflicieni compaction

- Poor asphalt quantity
- Excessive heating of mixture

- Weathering of asphalt

- Use of aggregates which arc soft and liable
1o be wor

_6510!8

- Flaw

- Falling objecis from \ehiclcs and aocrdcnlal
damage

Damage
relating
mainly

16 the
pavement
structure

- Cracking

- Line crack

- Alligator cracks

« A bridge which has a relaliv cly large deflection

"|- Concertration of local stress dee to specific

character of vibration of a bridge
- Specific character of stab deflection

' 3 - Vibration of bridge

- Deflection of bridge
- Inferior quality of mixture

'{ - Weathering of asphalt
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543

 Selection of Repair.M'ethods |

The selection of an appropnate repair method shouid be made on the basm of
Table - $.4.2, which provides guidance on the measures suitable for cach specific type of
defect. thre several types of defect are present a suitable overall repair stratégy niust be

chosen.

Some defects fou nd in su rl‘acmg over structures can be atmbuted to the nature of' "

the structure beneath. Conversely cerfain defects in the surfacing will result in damage to
the bridge. It is therefore lmportant to fully examine the cavises of any defects.

encountered. Somelimes repair of a relatively Smail area of sutfacing will be necessary to
prevent damage to a structural element. :

to Defect Types

'Table - 5.4.2 Methods of Repair According
Classification of Defects ~ ‘Repair Method
Damage | Local Crack | - Hairline crack - Seal coat
relating |- |- Wider crack 1 - TFilling
mainly Faulting - Unevenness around - Patching
to _ . _expansion joint - Reconstruction
pavement | Deformation | - Rulting - Milling, reconstruction
surface - Longitudinal roughness | - Milling, reconstruction
- Corrugation - Milling, reconstruction
- Blump, depresston - Milling
- Flush(bleeding of asphalt) | - Carpet coat, sprinkling of
: fine aggregate and / or sand
Abrasion - Polishing - Carpet coal,resinots
‘- ' surface
- Scaling treatment, reconstmction
: L - Carpet coat, patching
Disruption | < Pot hole - Patching, reconstruction
o - Exfoliation
- Weathering
Others - Flaw - Patching
- Blistering - Patching
Damage | Full-depth - Line crack - Filling, reconstruction
| 'relating | cracks - Alligator cracks - Carpet coat,
‘mainly reconstruction -
to the
pavenient -
stnucture
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54.4  Repair Methods
1) . Temporary Repairs
a) Patching

This method of temporary repair can be applied to pot holes, local areas of
faultmg, bumps, local cracks and depressions. Where an emergeiicy repair is necded, an
area of defective surfacing may be filled without removmg the defective material.
However such a repair is likely to become damaged again, and thercfore appropriate
preparation is recontmended.

The material used for patching should be similar to that of the existing surfacing,
Hot and cold asphalt mixtures are available. Although cold asphalt mixture is more
corivenient for transport, storage, and placing_, itsinitial stability and durability are inferior
to those of the hot mixture, and it requ1res a curing period after compaction. Hot asphalt
mixture is therefore prcferable for the repair of surfacing subjected to heavy traflic loading,

Typ:cal mix proporllons for dense graded asphalt concrete (hot m1x) are given in
Table-543.

Table - 5. 4.3 ’lyplcal Mix Proportions _of Dense Graded Asphalt Concrete

Sieve Size Dense graded
- tim asphalt concrete
13 100
S0 ~ 80-100
Percentage of aggregate 5 : 55-75
weight passing sieves . : 25 - 35-50
(% . | 06 e 1829
S R (& 1323
os 816
_ 0074 410
Asphalt quantity - -
(% in weight of whole - 6% 0.5%
mixture) L _
Asphalt Penetration 60-80

Having removed the defcctwe area of surfacing by culling a rectangle around it
using a concrete culter, the arca must be cleaned. A bumer should be used to dry out any
wet areas, prior to applying the tack coat (asphalt emulsion) to the base and sides of the
repair. Care must be taken to avoid local build-up of the tack coat. The asphalt concrete is
E placed ‘and compacted using a road roller or a heated tamper, such that the completed
repair stands higher than the surrounding surfacing, by up to about lem. to allow for
seltlement under traflic loading Although the use of a road roller is preferable for
compaction generally, it will not achieve eftective compaction in a corner or along an edge,
and a heated tamper will achieve adequate results for a small repair. When the depth ol a
pot hole exceeds 7em, the material should be compacted in two layers. Roller or tamper
marks should be erased using a smoothing iron.
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When a hot mix asphalt concrete is uscd a repair can be trafﬁcked onee the surface is cool
enough to touch by hand.

b) Filling

" Filling is a temporary repair method applied to large liné ¢racks. The cracks are
cleared of dirt and debris using coipressed air, loose material is removed from adjacent to
them, and wet areas are driéd using a burner. ‘They are then filled wuh asphalt nortar,
slurry mixture, blown asphalt, joint sealer or mastic asphalt. :

c) Surface Treatnient

* Surface trealment is used to repair cracks, deformation, abrasion and disruption,
once the surface of a pavement has been made even, The most eftéctive form of surface
treatinent is a carpet coat, itivolving the spreading and conipaction of a hot mixiure over
the exisling pavement’ in a thin layer (1.5 to'2.5¢m). However ¢are must be taken not to
significantly increase !he supenmposed dead loading on a bridge by repeatedly laying coats
of additional material.

The hot mixture comprises crushed aggregates, screenings, sand, filler and
bituminous material. The maximum desirable aggregate size is one half of the layer
thickness; generally 5 or 13mm, Straight asphalt of penetration over 80 is generally used as
bituminous inaterial. Standard mix propottions are given in Table - 5.4.4.

“Table - 5.4.4 Standard Mix Proportions for Carpet Coat

Sieve opening! - Percentage of welght
mm - passing sieves %

13 : 100

5 o 90-100

25 o 50-80

03 ' _ 15-35
0074 e e 3-12

~ Asphalt quantity % 6.0-9.5

© A tack coat of asphalt emulsion is applied before placing the hot mixture. It is
preferable to vse a tack coat with strong adhesion, such as a rubber-mixed emulsion.

The mixing temperature for the hot mixture should nol exceed 180°C.
Conipaction should commence immediately after ptacing, and should be undertaken at as
- high a temperature as possible.

Figure - 5.4.1 shows how dilferences in height can be avmded ad_]acenl to an
expansion joint when a carpet coat is applied.
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&) - Milling

- Where surface irregularity is particularly severe, the uneven areas can be milled
(scarified) to restore the alignment of the surfacing and to improve skid-resistance. This
method is often used to remove rutting, bumps or deformation caused by the Auidity of
asphalt concrete on long, steep slopes and on the approaches to junctions.

Hot or cold milling may be used. Hot milling_ involves heating the surface of the
pavement to between 60 and 180°C prior to cutting away the surface.

- Care must be taken when milling over a concréte slab, as the surface of the slab
will probably be irregular. Similarly’ when milling above a steel deck, all bolt and rivet
heads must be located and marked before work commeices. Removal of asphalt concrete
from around the fasteners must be carried out by hand, as must the removal of material
adjacent to expansion joints.

c) Grooving

The improve the frictional coefiicient of a wet carriageway, grooves can be
formed cither transversely or fongitudinally to the direction of the highway. Generally 3mm
grooves at 25mum intervals are used. However the fluidity of asphalt concrete is such that

the grooves last for only a short period of time.

) Treaiment of Flush

Dry crushed aggregates are sprinkled onto the pavement surface and rolled in to
' restore skid-resistance or to reduce fluidity of the asphalt concrete. The use of crushed
aggregates "pre-coatcd with cut-back asphalt or asphalt emulsion is effective.

: - Care must betakeninu rban areas to avoid scatter of crushed aggregates whlch do
' not adequately penetrate the asphalt.

' 2) o Long-term Repairs

Where longer-tern: repairs are required to the surfacing over a struclure, milling
and reconstruction will be necessary.

_ * The minimum depth of mllimg should be 30mm., and the minimam depth of
_paving is generally 2.5 times the maximum aggregate size for the asphalt mixture. Figure -
:5.4.2 shows the extent of mllhng and reconstruction requured to rectify ruiting within one
'lraﬂzc lane.

The timing of costly long-term repairs must be chosen carefully to av01cl

premature failure. Whilst paving should be undertaken durmg thé dry season, hlgh
temperatures are likely to result in early rutting of the new pavement
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In addition the replacement wearing course must be allowed to cool fully before
belng opened to traflic. High internal temperatures, despite a cool surface, will result in
rutting and deformation under heavy vehicle toading.

~ The area of reconstruction should be rectangular with one side paralel to the
highway centre-line. Its width should be at teast 2.5m to permit the use of normal paving
machinery.

After cuttmg the asphalt layer(s) vertically using a concrete cutter around the
perimeter of the repair, the cxisting material can be removed using a back-hoe. The
excavation must be trimmed neatly and clean prior to the application of & tack coal.
~ Asphalt emulsion tack coat should be spray- -applied generally, but should be brushed onto
the cut faces of asphalt layer. The hot mixture asphalt concrete should be laid and
compacted, using a steel roller or a tyre roller, such that the final level is slightly higher (5
to 10mm) than the adjacent exlstmg pavenient to allow for settlement under traffic loading.
Adjacent to an expansion joint the new pavement should be 2 to 3mm higher than the joint.

Exfoliation (stripping) of the asphalt mixlure is a comnion problem where
surfacing is laid directly onto a waterproofed steel bridge deck. The following measures
can be adopted to avoid this phenomenon :

- use of an adhesion agent {0.3 to 2.0 % of straight asphalt weight)

- us¢ of lime or cement (1.0 to0 3.0 % of asphalt mixture by weight) as part of the
filler

- use of asphall with low penetration (40 to 60)

- use of an improved asphalt, containing rubber or resin.

The use of an improved asphalt is also bene[‘:cial to withstand the eﬁ‘eci_s of flexure
of a steel deck. :

'5.5  Repairs to Expansion Join{s
5.5.1  General

Damaged or inadequate éxpansion joints can adversely affecl the ﬂow of traftic
and they present dangers to roagd users and their vehicles. Even relatively minor defects can
result in discomfort for drivers and their passengers. In addition the failure of an expansion
joint will allow water to ‘leak onto the structure below, causing deterioration of the bridge
deck, bearings and substructures. Noise and vibration produced by a defechvc jOlIll
subjected to traffic loading can be a problem in urban areas.

F\(pansmn joints are patticularly suscephble to damagc bemg subjected to direct
loadmg Once damaged they can be diffucult 10 repair successfully.

552 Causes of Damage to Expansion Joints

Damage to expansnon joints usually results from inadequate des1gn poor
consteuction or excessive loadmg
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‘Many of the joints encountered on the state highways are vety simple, compriéing
a joint gap with or without a covering plate, covered by surfacing. This arrangemént can
accomniodate only very small movements wnhout cracking the surfacing.

More complex expansion joint arrangements rely on ﬁxmgs to the bridge deck and
the abutment curtain wall for structural integrity, and on rubber seals for watertightness.
The fixings must be adequately designed and installed, or the joint will be disturbed by the
impact from vehicles. Overloaded vehicles or excessive traftic levels can cause properly
designed and installed fixings to fail premalurely The accumutation of debris on a rubber
seal can result in splitting with the passage of vehicles.

Compaction' of surfacing material is difficult to achieve ddjacent to expansion
joints, causing weaknesses in the pavement. Deterioration of the surfacing at these
locations increases the impact loading applied to the joint itself. _

An expansion joint must be able to accomniodate the translational and rotational
movements which occur in the bridge deck at a particular location. Inadequate provision
for there effects during either design or installation will result in damage.

 Theuse of poor quality joint materials, and the deterioration of constituent
materials, also result in joint defects.

554 Methods of Repair

Many of the existing expansion joints on the state highways are ineffective.
Although they permit bridge deck movements, water can pass through them onto the
structures below. It may be possible to carry out temporary repairs, particularly where
decks are ‘fixed” to the substructures, but in the longer term replacement with more
suitable joint arrangeinents is the only realistic option. - :

1) ' Tcmporary Repairs

‘Expansion Jomts which compnse camageway surfacing over the jomt gap at
‘fixed ends’ may be repaired by cutling a groove 20mm wide and 25 to 30mm deep across
the carriageway, directly above the expansion gap, and filling it with rubberised bitumen. It
may be necessary to remove any bulged sutfacing above the joint first, using a milling
machine, or local patching of the carriageway may be required. Before under taking such a
repair the bridge articulation should be verified to confirm the locations of *fixed ends’.

This type of repazir is uilikely to be cffective at “frec ends’, where significant
movements are anticipated. '

2) Partial Repairs
Joints comprising a rubber seal located in metal rails may be repaired by replacing

the seal. However more extensive damage is tikely (o require at least partial replacement of
the joint arrangement as a whole.
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Rubber slab joints and steel comb joints are generally bolted down to the bridge
deck and curtain wall. The replacement of missing fixings and tightening of loose fixings
are the only likely repairs. More serious defects will prabably necessitate partial or
complete replacement.

3) Replacement of Joints

~ The instaliation of replacement expansion joints requires special skills, equipment
and materials. The installation of the following joint types is described in Chapter 6 :

- Rubber Slab Joint .
s Rubber Seal in Metal Rails Joint

4) Treatment of Concrete Surfaces Beneath an Expansion Joint
When a replacement expansion joint is installed, the concrete surfaces within the
expansion gap should be sprayed with bitumei emulsion prior to fixing the joint. This will

provide sonte protection if the joint fails in the future. The failure of a joint to provide a
watertight seal may go unnoticed for some time if inspections coincide with dry periods.
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Chapter 6 Speciatised Maintenance and Repair Operations |
6.1  General

‘fhe maintenance operations described in this chapter require specialist experience of
particular techniques, equipment and materials. The use of personnel who are lacking refevant
experience is likely to result in a poor quality operation which may be completely ineffective.
Therefore although some of the maintenance and repair operations are expensive, it is unlikely to
be cost-effective to attempt them without the appropriate expertise.

All of the operations described will require close Superv,isioh by a competent engineer,
to ensure compliance with the correct procedures. This manual will assist the engineer in _
undérstanding the principles of the operations, and by setting out what constitutes good practice.

Sonie of the operations, such as plate bonding, expansion joint replacement and
maintenance painting, will require an element of engineering design. Input from an experienced
structural engineer will also be necessary when concrete repairs are to be undertaken, to assess
the need for propping. ' :

6.2 Detailed Guidance on Particulai Operations
6.2.1  Strengthening of Concrete Bridges Using Externally Bonded Plates
1) General

The technique of bonding steel plates to concrete bridges using epoxy adhesives can be
used to increase the load carrying capacity of girders and slabs in certain situations. However it is
very sensitive to standards of workmanship, and regular in-service inspection is essenlial '
following its application. The viability of this technique for a particular structure must therefore
* be carcfully considered. :

_ Bonding a steel plate to the tension faceé of a reinforced conc}eic'scptioﬁ increases the -
depth from the compression face to the neutral axis and the area of effective reinforcenient,
thereby iricreasing the monient of resistance of the section. :

This method of strengthening can also be applied to prestressed concrete members, but
the designer must ensure that stress transfer due to creep in the concrete will not result in
excessive compressive forces being induced into the plates. :

2) Application of Plate Bonding

Plates should not be bonded to the soflits of bridges for which clearance from
carriageways below is critical, or where frequent damage from vehicle collisions has occurred.
When headroom is considered, allowance must be made for the location ‘of bolts required at the
ends of a plate to resist peeling stresses, and bolts along the length of a plate which would
provide temporary support should debonding occur.



lnvesnganons should be undenakcn to assess thei mtegnty and durablhly ofan existlng
meinber prior to the application of plate bondmg Surfaces that are damp or subject to leakage,
particutarly if contaminated with chlorides, will not be suitable; other remedial measures may be -
required before plate bonding is attempted. Corrosion of reinforcement within 2 member is likely
to rcsu!t in cracking and spalling, which may cause debondiiig of the plates.

Plate bondmg should only be consuiercd for members where chloride values are
generally less than 0.3 % by weight of cement, and half-cell potential measuremients afe generally
less niegative than - 350mV with respect to a copper/copper sulphate electrode.

3)  Methods of Plate Bonding

There are three methods of bonding steel "p}ates to a concrete soffit, as described below.

Method A : Single plates of the required thickness.

A paste consmtency resin is applied to the plate which is pressed into position against
the soflit by wedging oft a temporary stiff girder. The adhesive thickness will vary because the
stifiness of these plates will not allow them to follow the concrete profile closely. Plastic spacers

should be used to ensure a minimum adhesive thickness is mdintained.

"This method permits bonding to proceed quickly, but is relatively uncconomical in terms
of the quantity of resin.

Method B :Multiple plates bonded in layers to giVe the required total lhickness.
This method is slower than method A, but less resin is needed. Resm is applled to cach
~ plate which is oftered to the soffit as described above, but the thinner, more flexible plates wilt
~ follow the profile of the concrete surface. - : :
Method C : Single plates of the required thickness, bonded by resin injection.
~The plate is held in position by anchor bolts, and its edges are sealed using a paste
consistency resin. Liquid resin is then pumped into the space between the plate and the concrete

- softit, ensuring that no voids remain.

~ Although this method is quick and minimises the quantity of resin, it can be ditticuit to
‘enstire complete bonding and the greater time lapse between steel preparation and final resin

-+ injection can' make it difficult to maintain the necessary standard of surface preparation.

Whichever imethod is adopted, the edges of the plate (s) should be sealed with a resin
_putly or mortar after the adhesive has cured, to prevent moisture ingress. The plates and all
associated steel components must be adequately prepared and protected. Anappropriate system
" must be chosen for the particular environment that is compatible with the adhesive.



4h Design'ConsidéraEiqns '

Testing of the existing concrete and reinforcement may be necessary (o determing
stiengths for the design of the strengthened member,

Design of the strengthened section should follow the vsual principles of reinforced
concrete design. In particular a check should be undertaken to ensure that the section is not
over-reinforced; a brittte concrete faiture muist be avoided.

For single plates, the width to thickness ratio should not be less than 50, Plates at least
4mm thick should be used to avold distortions during surface preparation and handling. The
transversé clear distance between plates should not be greater than twice the overall depth of the
member less 100mm.

. Under working loads the stress range in the plates should not exceed 150N/mm? for all
load combinations, to aveid fatigue failure. :

~ An anchorage length at the end of the plate will be required. ‘Bolts should beé provided
within this length to resist longitudinal shear stresses. They must be adequately anchored into
the concrete.

“Consideration should be given to stresses arising due to imperfections in the concrete
profile. If steel plates are made to follow these imperfectioris additional stresses will be induced in
the plate, adhesive and concrete,

Plates should not extend into areas of compression, unless special provision is made io
resist plate buckling.

5) Consinwtion Requirements for Plate Bonding

~The concrete surface to which a plate is to be bonded should be prepared by grit blasting -
to remove weak material, laitence and surface contamination. Wide cracks and porous areas
‘should be sealed wnh a compatible resin. The prepared surface should be free of dust and surface

The contact susfaces of the steel plates should be degreased and blast cleaned 1o grade
Sa 2.5 of ISO 8501-1 before the application of an epoxy based primer which is compatible with
the adhesive. The primer should be applied within 4 hours of blasi cleaning. Where the resinisto
be injected, blast cleaning may be carried out on site within 4 hours of injection,

Lpo‘cy resin adhesives must be useéd in accordance wnh the manufacturer’s msimcnons
It is recommended that the resin and hardener have different colours to ensure adequate mixing.
The resin should be spread innmediately after mixing to dissipate the heat generated by the
chemical reaction; this will extend its workability time. By spreading the resin slightly more
thickly along the centre of the plate than at the sides, the risk of void formation within the resin
can be reduced.



Where resin lSlnjethd mixing takes place during i mjecllon Resmlsm{roduced lhrough
a pipe whlch is withdrawn as filling takes place :

Appropnale testmg should be undertaken to confirm the flexural modulus of efasticity
and bond strength to steel of the adhesive.

622  Crack Injection
1) General

Where cracks are evident in concrete elements, it is important to establish their cause
before deciding upon any method of treatment. If the cause can be removed ptidr 1o repair for
example by strengthening an undersize member, the likelihoad of a successful repair will be much
increased. In particular, whether a crack is dormant or live will affect the method of treatment.

If the movement of a crack cannot be eliminated, it may be possible to use a plasto-
elastic resin filler capable of accommodating future movements. However if targe or rapid cyclic
movement is anticipated, the crack shoutd be treated as a movement joitit; a recess cut along the
fine of the crack should be sealed with an appropriate mastic, thermoplastic or elastomer. The

~ sealant should be bonded to the sides of the recess only, and debonded from the bottom.

The injection of cracks should be undertaken by suitably experienced personnel.
- Consideration should be given to consulting specialist companies in this field.

'2) - Materials

- A nmumber of materials canbe used for crack injection, including epoxy resins, polyester
‘resins and synthetic latexes. Epoxy resins, although relatively -expensive, ofter several _
‘advantages over the alternatives for the injection of dormant cracks. Formulations are available
which will harden in wet conditions and adhere to inoisture. Epoxy resins will achieve excellent
~adhesion, and their curing shrinkage is low. They have good mechamcai strength, and are
‘resistant to a wide range of chemicals.

Polyester resins cost less than epoxy resins, and can have lower viscosity which allows
better penetration. However the bond strength can be reduced in wet conditions.

Symhcllc latexes, such as styrene butadlenc acrylic and polyvinyl acelale are even

o cheaper than polyester resins but have considerably less strength. The presence of water can

precludc their use though.
3} Methods of crack injection

The injection of resin into cracks is achieved by either pumping the material or by
creating a vacuum which will draw the resin into the cracks.

Injection points are fixed at intervals along the crack to be’ mjected generally between
200 and 500nun apart. The crack is sealed at the surface belween injection points to prevent the



restn from running out. Where tow viscosily resin is to be wsed, and the crack extends to the back
face of the member, it will also be necessary to seal the ctack on this face. Thixotropic resins have
been developed for situations, such as retaining walls and bridge abutnients, where access to the
rear face is not available. These resins will cease to flow when the injection pressure is released.

A wide variety of devices is used to pump resin into cracks, ranging from modified
seatant guns to special-purpose 1win metering guns. The latter mix the resin and hardener near to
the point of delivery and thereby reduce wastage.

Resin is injected at cach injection point untit it flows out of the next one, when an
external pressure is applied. -

The vacuum method of i injection has a number of advantages over pumping. More *dead
end’ cracks are filled, and the possibility of the resin following the easiest route is reduced. The
build-up of transverse forces within the crack is eliminated. In addition the vacunm method can
be applied to areas of multiple cracking,

- 6.23 - Concrete Repairs
1} -~ Preparation for corcrete repairs

The Engineer shall determine the extent of each concrete repair. It may however be

" necessary to éxtend repair areas as the work proceeds. All loose, disintegrated and unsound
concrete shall be removed from the areas identified. The programme of concrete removal shall be
specified by the Engineer, to ensure that struclural integrity is maintained. Propping may be
required in some instances. '

Wherever practicable, high pressure water jetting shall be vsed for the removal of
' concrete. This operation shall be supervised by expcnenced personnel familiar with the

techniques and constraints of high pressure water jetting. Enclosures shall be provided around
the areas of work to give complele protection 10 other workers and the’ general public from
debris, spray and any other effects. Careful consideration must be givento the methods of dealing
with contaminated water and debris. Clean and fresh water shall be used, with thé jetling unit
operalinig at a pressure not exceeding 207 N/mm’ . A lightweight clectric demolition hammer
niay be used for final trimming of the areas broken out.

The perimeter of each area of concrete to be removed shall be saw cut perpendicular to
the face of the concrete, to a depth of at least 1 Smm, to ensure adequalc containment of the
repair. Where the conciete cover to reinforcement is less than 15mm, the Engineer shall be
consulted. The usc of an electronic cover meter to establish the depth of reinforcement along the
proposed linc of the cul, prior to saw cutting, will avoid unnecessary damage 1o reinforcement.

In situations where high pressure water jetting cannot be used for the removal of
unsound concrete, jack-hammers or mechanical chipping hammers and hand tools may be used.
To avoid fracturing of sound concrete, power tools shall not be operated at an angle greater than
45 degrees measured from the original concrete surface.



_ The surface of the concrete remaining miust be dense with no large uregu!antles no
‘loose particles of aggregate, and no surface cracking. Simifarly the conerete surface immediately
outside the repair area must be sound with no foose particles of aggregate or surface cracking.
The perimeter of the repair area, beyond the depth of the saw cut, shall slope at an angle of ot
less than 45 degrees to the plane of the concrete sutface being prepared.

Each arca to bé repaired shall extend a minimum distance of 100mm beyond any region
of corroded reinforcement. Where the Engineer considers that reinforcement corrosion is -
excessive or that reinforcenient has been damaged during the breaking oul operation , additional
bars of the same strength shall be provided to restore the original cross-secticnal area of steel.
Unless otherwise agreed with the Engineer, appropriate lap lengths shall be provided to achieve
effective continuity between original and additional bars, The area of concrete removal shall be
extended accordingly.

Concrete shall be removed to a depth of 30mm behind any reinforcement which is
exposed either before or during the breaking out pracess.

All exposed reinforcement shall be thoroughly cleaned either by dry blast cleaning
followed by high pressure water jetling, or by wet blast cleaning. Particular attention should be
given to pits and crevices. Dry methods of cleaning will not be effective in removing corrosion
products. The appropriate standard for the preparation of reinforcement is Swedish Standard
SIS 055900 SA D 2.5, The Engineer shall determine whether all exposed concrete and metal
surfaces require steam cleaning to remove traces of oil, grease and other contaminants.

Some repair systems require that eXposcd steel reinforcement is primed before placing
of the repair mortar or concrete. The chosen rcpaar system manufaclurer’s recommendations
shall be adhered to.

When an area has been prepared for concrete repair, it shall be protected from salt spray
from passing traflic. : : . ‘

2) " Small patch repairs usmg a propnetary polymer-modified cementitious mortar
Polymer-modnﬁed cementitious mortar can be used for relatively sma!! patch repairs
“extendingloa dcplh of about S0mm from the concrete surface. The use of cementitious material,
rather than resin-based material, is preferable for concrete repairs because a repair will perform

-better if its properties are similar to those of the surrounding concrete.

_ Prebatched actytic polymer modified cementitious mortar shall be used. It shall have the
 following material properties :

 Minimum compressive strehgth = 30 Nfmm’ at 28 days
‘Mininium slant shear bond strength = 23 N/mny? at 28 days

Coeflicient of linear thermal expansion=7to 13 x10%/ <C.



. Maximum initial surface absorption = 0.005 ml /m*/sec. at 2 hours.

* The mortar shall have a minimum cement content of 400 kg/m’, and a maximum _
water/cemeént ratio of 0.4.The total chloride content of the material shall not exceed 0.3 per cent
of the mass of cement. Calcium Chloride or admixtures containing chloride salts shall not be
used.

-+ The sources of all constituents of the mortar shall :be. notified to the Engineer, for his
approval. Water from the sea or tidal rivers shall not be used. Measures shall be taken to contrel
alkali-sifica reaclion, as descnbed in Appendlx 3.

Hand]mg, storage, mixing arid placing of the matefial shall comply fully with the
ranufacturer’s insttuctions. The material shall not be miked or placed in the works at ambicnt

temperatures lower than 5¢C.

A bonding coat shall be applied to the concrete substrate when this forms part of the
proprietary system chosen:

~ Curing of the mortar shall be achieved by covering with wet fabric and polythene
sheeting, for the following minimum periods : :

'3 days in temperate weather,
or 7 days under hot drying conditions.

'3) “Concrete repairs using a proprietary polymer-nodified concrete.
In situations where the size of repair is tao large to pernit the usc of a mortar,
satisfactory results can be achieved with a proprictary ponmer-modnﬁed free-flowing, non-
 shrink concrete, The use of a free-flowing concrete which does not require vibration to compact

it avoids bleeding which can result in complete scparatmn between old and new concrete.

A pre-batched polynwr—n10d1ﬁed free- ﬂowmg, non-shrink concrete shall be used It
“shall have the following material properties : :

Minimum compressive sirenglh = 50 Nfmm?® at 28 days
Minimum slant shear bond strength = 23 N/mm® at 28 days
Coeflicient of linéar t.he.rme.ll e:xp‘ansion =710 13 x 10° /oC
Maximum initial surface absorption = 0.005 ml / m? / sec, al 2 hoi;rs
. The concret shall have a niinimum cement content of 400 kg/m’, and the total chloride
ion content of the materials shall fiot exceed 0.3 per cent of the mass of cement. Any Chloride or

admixtures containing chloride salts shall riot be used.

" The aggregate shall be well graded with the maximum size not exceeding 10mm.



The sources of all constituents of the concrete shall be notified to the Engineer, for his
approval. Water from the sea or tidat rivers shall not be used. Measures shall be takeii to conlroi
alkati-silica reaction, as described in Appcndlx 3.

Testing of Materials :

The successful application of this method of repair is dependent on the properties of the
material’ chosen ; inl particular its ability to flow freely and to fill voids. Tt is therefore important
to efisure that the concrete behaves in a smtable way for the’ pamcular site conditioris.

The melhod of demonstrating that the concrete will flow over a suf‘ﬁment distance
without segregation, and that it can be used for repairs to soflits without vmds and cracks
forming, shall be agreed with the Engineer. :

In addition compressive strength tests shall be undertaken using samples of the concrete
that have not been vibrated.:

Delivery and Storage of Material :

Cerlificates shall be provided for each batch of the material delivered to the site,
stating

- the formulator’s name and address

- the formulatot’s agent’s name and address, where apphcable

- material identification

- batch reference number, size of batch and number of containers in the delivery order
- date of manufacture

'Containers shall be damp pioof, and shall be marked with the following information

- material identification
- batch reference number
- formulator’s name
- net weight _
- any warnings concerning the contents

: The material shall be storéd in a dry enviroriment free from extremes of cold and heat. It
shall not be removed from the store until immediately prior to mixing. Material older than 3
months, ” or less if specificd by the formulator, shall not be used.

Site Mixing, Placing and Curing
Mixing and placing shall be carried out strictly in accordance with the formulator’s

writien ‘instructions. The water/cement ratio shall not exceed 0.4 if the material has not been
- used within 20 minutes of mixing, it shall be disposed of.



The placing temperature shall be at least $¢C , and the surface lempcrature of the repair
shall not  fall below this temperature until the concrete strength reaches S N/mm?. The concrete
shall be protected against harmfu! effects of weather for 14 days after placing.

4) Sprayed concrete repairs using a proprietary polymer-modified cementitious maortar

' Sprayed concrete repairs are suitable for large areas of relatively thin concrete, for
example where extensive spalling of a slab soflit is to be repaired.

A pre-batched polymer-modified cementitious mortar shall be used. It shall have a
minimum- cement content of 400 kg/m’, and the total chloride ion content of the materials shall
not exceed 0.1 per cent of the mass of cement. Calcium Chloride or admlxtures containing
chloride salts shall not be used.

Maximum aggregate size shall be 3mm.

There shall be no expansion agents or set accelerators comtained in or added to the
repair material.

The sources of all constituents of the mortar shall be notified to the Engineer, for his
approval. Water from the s€a or tidal rivers shall not be used. Measures shall be taken to control
alkali-sitica reaction, as described in Appendix 3.

The compressive strength of the mortar shall be at teast 40 N/mm? at 28 days,
determined using cores taken from test panels. Ifit is considered necessary, cores can be taken
from the repair itself to demonstrate the slrength The adhesive strength 10 tlie base concrete
shall be at least 2 N/mun’.

Deh‘very and Storage of Material :

The requirements for dehvery and storage of polymer-mod:hed concrete, described in
section 6.2.3,3) shall also apply to mortar for sprayed concrete repalrs

Apphcallon :

Only suitably experienced personnel shall be employed in the application of sprayed
concrete. The material shall be apphed by the dry spray process. Light timber profiles or guide
wires shall be fixed 6n all niain arises to ensure the correet line of the finished work. The surface
of the substrate concrete shall be pre-wetted to achicve a saturated surface dry condition prior to

“the application of the spray mortar. Spraying shall not be carricd out when the air temperature is
léss than 5°C. Freshly sprayed mortar shall be protected from rain and water until the surface is

“sufliciently hard to resist damage.

More than one coat of mortar may be necessary to achieve the required thickness. The
surface of each coat shall be washed down before the next is applied. The overall covering must
be dense and uniform, and must provide a minimum cover of 40mm to the steel reinforcement.
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