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Message

It is a matter of great satisfaction that the Bridge Inspection & Condition
Assessment Guideline has been developed under the Program for Supporting Rural
Bridzes { SupRE), jointly funded by the Government of Bangladesh (GoB) and the World
Bank. This Guideline iz a milestone in LGED's journey toward strengthening its overall
Bridge Asset Management Frameworlk.

The Guideline provides a structured approach to inspecting the physical condition of each
element of bridges and culverts within the roral road network. The collected data will be
systematically entered into the EmBIMS database, enabling LGED management to
senerate accurate reports and tools for effective prioritization, budgeting, and

maintenance programming.

The integration of the Guideline with the RuBIMS software and Mobile App ensures that
bridee asset management is both modernized and institotionalized. A sequential and
gystematic use of thiz Guideline, together with the Bridoee Management and Maintenance
Manmual, will greatly benefit LGED'z officials at Upazila, District, and program levels in
conducting inspections and managing maintenance operations.

I am confident that this Guideline will not only enhance LGED's bridge asset
management capabilities but also strengthen institutional knowledge on bridge
durability, serviceability, and long-term sustainability.

I take this opportunity to express sincere appreciation to the World Bank Task Team and
subject matter experts for their valuable support and guidance in preparing this
Guideline,

fops St
(Kazi Golam Mustafa)
Chief Engineer
Local Government Engineering Department



Message

It iz a great pleasure to present the Bridge Inspection & Condition Assessment
Guideline, developed under the SupRB project. This Guideline represents a significant
advancement in LGED's asset management practices, ensuring that bridge and culvert
inspection is carried out in a systematic, standardized, and accountable manner.

The Guideline emphasizes the fundamentals of bridge and culvert inspection, periodic
updating of the EuBIMS database, and generation of reports that will support
prioritization and budgeting of maintenance programs. The development of the EuBIMS
software and Mobile App has further strengthened LGED's capacity, making bridge asset
management more efficient and technology-driven.

This Guideline will serve as a practical tool for contractors, engineers, and LGED officials
at all levels, helping them to adopt standardized practices, minimize risks, and ensure the
durability and serviceability of bridoe structures. It will also contribute to the future
development and upgrading of LGED's Bridge Asset Management Policy.

I extend my heartfelt thanks to the World Bank Task Team and subject matter experts for
their valuable comments and feedback during the preparation of thiz Guideline.
Together, we reaffirm our commitment to building infrastructare that is not only strong
and resilient but also safe, responsible, and sustainable.

<
i

(Mu. pera nussain)
Additional Chief Engineer &
Project Director
Program for Supporting Rural Bridges (SupRE)
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CHAPTER 1

INTRODUCTION

1.1 LGED

Local Government Engineering Department [LGED) is one of the largest engineering organizations
in the country. Although it has started It's journey in developing Rural Infrastructure in the 60s
through Rural Works Program, Its scope has been expanded momentously in course of time.
Starting from the remaoatest localities of the country to the urban and city boundaries, LGED's huge
activities are widespread.

In revitalizing the rural economy LGED's contribution through establishment of Rural Road
connectivity and development of Hat-Bazars and Growth Centers in the rural areas is quite
discernable today. The contribution of these infrastructures in achieving the increasing growth of
the country is immense. LGED made it possible for the people of remote villages in getting the
benefit of using paved roads within 8 maximum range of two kilometers. These rural
infrastructures implemented by LGED are plaving a major role In Improving people's living
standards and poverty alleviation. Besides, the activities mentioned above, LGED extending
technical assistance to Local Government Institutions. Reguired technical assistance is also
provided to wvarious ministries, LGED also develops infrastructure database, maps, technical
specifications, manual ete, required for development projects. Regular training courses conducted
by LGED for enhancing skill of its own employees, members of the Local Government Institutions
and other stakeholders,

Bangladesh has an extensive roads network (roughly 375,000 km) out of which about 94% in length
covers the rural roads. Upazila roads (UZRs) and Union roads {(UNRs) composed of respectively 11%
and 12% of the rural road network. Over a quarter (30%%) of the rursl road network is paved, with
B9% and 70% of the UZRs and UNRs, respectively, are paved. Bridges play an important part in
Bangladesh's land transport system. This is inevitable given the country’s topography = low-=lying
flat lands, crisscrossed by many rivers and their tributaries. Typically, the bridges connect two
separate road sections to provide full connectivity to isolated rural communities. Bridges are
critical for the efficient operation of the road system. The current inventory envisages that a bridge
is required for every 4.5km of UZRs and UNRs. Over four-fifths of these gaps now have structures,
leaving a fifth of them to be bridged. The total number of structures on Upazila Road is 40,300 and
the azsociated length of these structures is 406,450 meter and the number of gaps is 1,372 and the
combined length of these gaps is almost 80,000 meters. The total number of structures on Unian
Road is 37,098 and the associated length of these structures is 316,650 meter and the number of
gaps is 2,145 and the combined length of thess gaps: is almost 81,020 meters. Until 2019, the
Government does not have any dedicated bridge construction and maintenance program.



Nonetheless, none of the Development Partners were invoalved in rural bridge maintenance and
rehabilitation activities.

In 2013, the Government of Bangladesh (GoB) adopted The Rural Roads and Bridges Maintenance
Policy’. The objective of the policy was to develop a sustainable rural transport system through
appropriate maintenance management to provide safe oparation of vehicles and ensure necessary
furding for maintenance. The policy document has emphasized the importance of maintenance of
bridges and UZRs and UNRs. The policy also emphasized the importance of road safety, citizen
participation, gender, and implementation management linked to the maintenance of rural roads
and bridges.

Due to a shortage of funds, significant backlog exists in the maintenance of bridges on rural roads.
Although the rural road maintenance budget has been steadily increased in the last ten years, it
was not sufficient to manage the entire maintenance needs including bridge maintenance. In this
context, the Government of Bangladesh has received a loan from the World Bank [WB) toward the
cost of the program titled "Program for Supporting Rural Bridges [SupRB)". The program
Components include Major and minor maintenanoe of 85,000 meters of bridges, rehabilitation of
24,000 meters of bridges, Capacity Expansion (Widened) of 5000 meters of rural bridges,
replacement or newly construction of 20,000 meters of bridges, technical, fiduciary, procurement,
social and environmental capacity improvement of LGED including design and implementation of
climate resilient bridges and establishment and operationalize of Grievance Redress System (GRS).
The bridge is identified in the prioritized annual work plan generated through the Rural Bridge
Infarmation Managemaent System (RuBIMS).

The Program will support the LGED's strategy for the sustainable development and Bridge Asset
Management. The main strategic elements include undertaking the creation of new bridge assets
and the preservation of existing assets comprehensively to enhance and preserve rural
connectivity, Competitive selection of rural bridge interventions under budget constraints that will
ensure an optimum balance between creation and preservation of assets; replacing rural bridges
that surpassed their economic lives and making unsafe bridges safer; and improving institutional
capacity and core business processes including the creation of a Rural Bridge Information
Management System (RuBIMS) to help LGED in well informed decision making on RBural Bridge
asset to aid in the planning, design, construction, and management of bridges sustainably. The
Rurzl Bridge Information Management System [RuBIMS) has been developed under World Bank
financed Second Rural Transport Improvement Project (RTIP2). BuBIMS is a comprehensive system
for collection of all-inclusive data of rural bridges and for aiding informed rural bridge management
related decision making. It has a smartphone-based interface that faclitates collection of bridge
data. Apart from facilitating capturing of rural bridge data by smartphone, the system has also a
web interface which is capable of managing bride/culvert data, caleulating bridge health condition
index as wall as suggesting the type of maintenance intervention that a bridge will require and
produces a list of prioritized bridges under different intervention types. The system uses a detalled



algorithm In deciding the bridge health condition index, Intervention types and on bridge .
prioritization.

The road network which serves for the national socio-economic activities such as logistics, access
to services, travels and communications, i compared to the vascular network In a2 human-body. To
maintain a healthy human body, people may check their physical condition daily, and may have
some advices from their doctors periodically and then keep their body condition in well, and
sometimes people may receive medical treatment or surgery. It is the same concept for road
infrastructure for movement of people, transportation of poods and other logistics. Therefore, the
rural road infrastructure s very important for Bangladesh economy. The Bridges are park of the
road infrastructure and are important link in 3 road network. And they must be very well
maintained for Bangladesh economy and to maximize the benefits from the investmants.

Bridge inspection is one of the basic functions in the Bridge Asset Management System and play
an Important role in providing a safe transportation infrastructure for Rural Transportation
network of Bangladesh. As the rural bridges continue to age and deteriorate, an accurate and
thorough assessment of each bridge’s condition is critical in maintaining a safe, functional and
reliable transportation system. Bridge inspection is the most important step in the assessment
process of the physical condition of a bridge in order to determine remedial action, such as
maintenance, repair, rehabilitation, strengthening, or replacement. And the efficiency of
assessment process depends on the quality of the inspection and the operation of a powerful
database, which must be regularly updated with the input of current information on the assats
under managemeant.

This Rural Bridge Health Inspection and Condition Assessment Guidelines describes the necessary
process and steps for carrying out the bridge inspection for effective management of Rural bridges,
which includes all structures [.e, bridges, box culverts, arch masonry, flyovers, roadway and railway
overpasses (hereinafter all of these are referred to as “Bridges”).

The primary objective of bridge inspection is to find out the physical condition of the bridge and to
detact any defects of the bridges at early stage that may affect safety of the users and bridge
structures and to make the traffic flow smooth and comfortable. Another objective is to monitor
development of the defects on the bridge continuously so that timely remedial measures can be
taken to prolong the life of the bridge. In addition, the results collected from the inspection can be
used to develop inspection and maintenance program, to carry out load capacity assessment, and
to provide feedback to the design process.

The purposes of Bridge Inspection are as follows:

= To confirm the results of bridge condition inspection;

*  To confirm as built drawings and design documents;

*= To undertake additional investigations necessary for evaluation of defects including
physical testing and/for structural analysis, and documentation of the observed defects with
sufficient information for future design of required major maintenance works;

*  Todetermine the cause/mechanisms of damage;

3



= To assess the current bridge structural condition, behavior and load capacity;
=  To assess the rate of deterioration and residual life expectancy;

= To evaluate the need for repair and rehabilitation; and

= Toinvestigate the damage for estimating maintenance cost.

The roles and responsibilities of the bridge inspector/engineer and their qualifications for bridge
inspection is also very important. This Manual provides the detail procedures and requirements
for inspection and rating of defects, evaluation for the necessary remedial actions, documentation
and recorded data management of LGED's bridges in service. Hence, this manual will help the
Inspection and Evaluation Team in performing their roles and responsibilities in Bridge Azset
Management Program. Data collected from these nspections and evaluation will be used to
update the bridge inventory and to develop inspection and maintenance program by using the
Rural Bridge Information Management System (RuBIMS) for efficient bridge maintenance of the
prevailing bridge structures under LGED,

improvements of the Guideline, Bridge Asset Management (BAM) and its related concepts are
relatively new fleld in Bangladesh. 5o, as the BAM continues to be improved; it is intended that
parts of these Guidelines and information contained in this Guideline need to be reviewed and
updated from time to time as necessary to take into account the organizational framework of
LGED, the accumulated inspection experiences, and new knowledge and lessons learned.



CHAPTER 2

FUNDAMENTALS
OF RURAL BRIDGE
INSPECTION PROGRAM

2.1 Quality Management

Ouality managament is generally an essential terminology integrated with any system irrespective
of penre, type and characteristics. Similarly, it is of prime concern to ensure overall quality
management, Quality Control {QC) and Quality Assurance [(QA) procedures to maintain a high
degree of accuracy and consistency in the Rural bridge Inspection program. Accuracy and
consistency of the data is Important since the bridge Inspection process is the foundation of the

entire bridge management operation and BRural Bridge Information Management Systems
{RuBIMS}. A succinct outline framework is presented here just to promote the basic essence of

guality assurance in Bridge Inspection Program. LGED may develop a fromework perfectly
conforming to bridge inspection QC/QA programs in course of time based on the real level learnings.

2.1.1 Outline Framework for Guality Control [QC) and Quality Assurance [0A]

The following Log Frame (Log Frame 2.1) represents the sample outline framework for Quality
Control {QC) and Quality Assurance [OA).

Log Frame 2.1; outline framework for Quality Control (GC) and Quality Assurance [OA)

5l. Area/Phase of Tasks to be Performed
Activities
A. Documentation 1) Develop, document, and maintain a bridge inspection manual that
of QC/OA contains Quality Control/Quality Assurance [(QC/QA) procedures;
PrOgram 2) Describe the purpose, definitions, procedures and benefits of QC/OA

in concerned inspection program;
3) Define and document O& and QC roles and responsibilities.

B. Documentation 1) Document qualifications required for Head of the Inspection

of Quality Program, Inspection Team Leader, Team Members and others
Control {OC) integrated with the inspection program;
Procedures

2) Document process for tracking how qualifications is met, Including:
a) Training completed;

b} Years and type of experience;



¢} Certifications/registrations.
3) Document required refresher training, including:

a) Bridge Inspection, other specialized training courses, and/or
periodic meetings;

b} Define refresher training content, frequency, and method of
defivery;
4] Document special skills, training and equipment needs for specific
types of inspections;
5) Document procedures for review and validaton of inspection reports
and data;

b) Document procedures for identification and resolution of data errors,
omissions and/or changes.

Quality 1) Document procedures for conducting office and field OA& reviews,
Assurance [OA) Including:
Procedures

o) Procedures for maintaining, documenting, and sharing review
results; including an annual report;

b} Establish review frequency parameters that should include:

l. Finalize number of districts/upazilas to be reviewed annually.
[e.g. review each district once every second years);

li. Finalize recommended number of bridges to review.

¢} Procedures and sampling parameters for selecting bridges to
review:

l. Posting, Deficlency, Program (Rehabilitation/Replacement),
Follow-up acton status and location of Bridge;

[i. Unusual changes in condition ratings w.r.t previous inspecton
rating;

iil. Requirement special inspections {underwater, fracture critical,
other special);

d) Procedures for reviewing current inspection report, bridge 1D etc,;
e} Procedures to validate qualifications of Inspector and others;

N Define "Limit of tolerance™ for condition rating and other related
activities_ (e.g. rating of +/- 1);

gl Checklists covering typical items to review as part of OA
procedures (e.g. , Structure Mumber/Bridge ID, Field inspection,
Rating analysis atc.);

k) Miscellaneous.



2] Doecument disqualification procedures for team leaders and
consulting inspection firms that have continued record of poor
performance;

3) Document re-gualification procedures for disqualified individual
inspection Consultants/Firms to demonstrate requalifying
performance;

4) Document procedures for conducting inspections on a "control™
bridge;
5) Document events to validate the QC procedures.

2.2 Inspection Types and Cycle

For successful automation of Rural Bridge Information and Maintenance Management System, it
i of prime importance to formulate and utilize the most efficient bridge inspection program. It is
necessary to identify the purpose of inspection and then appropriate method of inspection, This
will ensure the ascertaining of accurate condition of the bridge at appropriate time. The type of
inspection s classified in terms of:

1} purpose, 2} frequency, 3] major items to be inspected and 4) method of inspection.
These various types of inspection incude two basic categories;

a) Scheduled Bridge Inspection

b} Mon-zcheduled Bridge Inspection
Types of inspections under basic categories are:
Scheduled Bridge Inspection:

L. Construction completion inspection {Inital Inspection)

ii. Routine Inzpection
iii.  Periodic Inspecticn

MNon-Scheduled Bridge Inspection:

. Interim Inspection
il. Emergency Inspection
iii. Detailed Investigation

The type wise purpose, frequency, procedure, scope, inspector etc. are summarized in Table 2.1 and Table
2.2 at next page:



Table 2.1-a: Inspections Types and Cycles [Scheduled Bridge Inspection)

Inspection Type Purpose of inspection

Scheduled Bridge Inspection

Constrection 1. To provide all Structure

cornpletion Inventory and Appralsal

knspection {Inidal [Si&a) data.

Incpaciion) 2. To provide baselina
structural conditions and
identfication of existing
problems,

1. To perform general check
of bridge structures and
non-strectural condition

2 To check bevel of safety
and ensure appropriste
serviceabllity on and under
the bridge.

Routine
Inspeaction

Tio assess the physkal and
functional conditon of
EYery component and
element of the entire
bridge with close visual
observation,

2. Todetect defects at early

stage.

Periodic 1,
Inspaction

inspection Methods/ Procedurs
Frequency
After 1. Should be carred out with a prepared

compdetion of Inspection sheet for RuBIMS {Wsweal

constructon inspection).

1 months 1. Should be carrled out with a prepared

Inwentory sheet and check lists,

{Vizwal inspection)

2 Prior to Routine inspection record
should be reviewed to compare the:
. Characteristics and condition of the

bridge;

Il Ay significant
mialntenance/modHfications since
the last Inspection.

3. When Routine ingpection coincldes
with Perlodic Inspection only the
latter shoukd be undertaken

Twoyesrs 1L Perlodi Inspection should be carrled

after the out with close visual observation of all
COMUMERCEN external surfaces and featwres, and
ent of 2. ‘Where appropriate all interna
operation of surfaces {Wsual spection)
the bridge

1.

I

Scope

Fimding out any visibde construction
abnormality of 2 beidge, like
construction deficlency, etc. at early
stage In a routine basls.

. Collecting required data uskng

Inspection sheet for RuBibis,

Fimding oart any visible abaormallty or
damage on and under the bridge Le.,
edemments that can be inspected without
gpecisl access equipment or traffic
managerment.

Reviewing the existing inventory of the
bridge structure,

‘iswal inspection of 3l bridge elemsents
{inchuding measurement of crack widths,

et} and
fssessment of defects using a standard
condition rating system [“Tioes af

Defects and Reting™ in the Chapter (4
and Appendix-03 of this Guidefine].

inspection Role/
Deslgnation

Upazita
Englneer/fsskstant
Englneer, XEM
Offica

Sub-Asslstant
Enginesr, Uparila
Enginesrs Office

Senbor Inspector
(Inspection team
beader), Inspector,
Assistant Inspector
and other technical
staff of the Upazila
Englneer’s Office.



Table 2.1-b: Inspections Types and Cycles [Non-scheduled Bridge Inspaction)

Inspection Purnose of inspection Inspection Methods/ Protedure
Type Frequency
Mom-scheduled Bridge Inspection
Indefimm 1. To monitar a particularly Depends on the 1. Should be cartied out by means of visusl
Inspectian kmawn or suspected dafichency | type of defects ohisngation. {Visum lspastion)
beetweeen the perodic
inspections and
1 Todewelop a supplement of the
pefiadic inspectian,
Emergency L Toeondirm that the bridges Asrequired 1, Anemergency Inspection repodt af the
Indpection resnain safe for use ar event {Cyclone/Fload/Carthauake/
2 To determine the rgent Collision/FirefOthess) Should be prepared.
renedial action renuired to For Cyclane (Examplel
i. Eithererswsrs the safety of = Streasnbid seour around wnderwater
the Bridge o bridge elements;
ii. Redore the function of the = Bank erodion.
befdge. = Lakerad migragions of the channel
= Sediment transpot or accumulation
{ezaecially around piers),
2. Deseriptions and comments on the damage
shall be added i the seport. (Vs and/for
Mechanion! nipection)
Detaiied 1 Tolimvestigate causes of defect I recommended  This |5 3 vesy speclalized job and it aften
Inseestigation orf structisral conditian, inthe result of  reguires use of non-destructive snd min ube
behawiar o periadical gestructive testing equipment in the
2 To aisess damaged sructural inspection by indpecton eserclus.
components far regalr the eeafuator  Mechanital inspection

rehabiStation.

Rpnibor:

1

& partbevilarly known or suspacted deficiency
discovered during pefiadc Irspettion, such a
Foumdation sedtlement or Seour,

. Significant member deterforatian, or the pubfc

use af & load-posted bridge, L.e., Bridges posted
for & weight limit less thar the legal weight imit.

3, The sign of rapid deteriorathon of a panicilsr

Ll L

a1
2

3

bridge element.

« Iveskigate fractured memberi.

Determine amy logs of foundation supaon.
Compuke the amount of any sectional nss.
Bieasiire the disalacement of any member oul of
allgriment.

. Infarm the higher authosity to take charge of

bridge smainterance

Grasp detaiied behavior and actions of defect
Manitor the progress af any defect

- Irnvestipate the cause of defect

4. Teat and evaluate material quality or strength

5.

Ewabuate structhural strength

bnspection Role
/Designation

Serilar Inspectar

The irspectian
Ry g,
Inipectar,
Assistant
lipectar and
othes technical
staff of Upazila
Engineer's Office

Professional
Engineers with
eupartiie. (in
cave of necesgity,
Cansuttsnts)



2.3 Inspection Team, Skillset and Responsibilities

LGED should form Inspection Team and train members of the Inspection team and only Inspections
shall be conducted by these trained personnel. The Inspection team members should have
sufficient knowledge and extensive practical experience in typical construction practices and
capacities of carrying out visual observations visually and by using special instruments. In addition,
they shall be competent in evaluating condition of the bridge correctly and proposing appropriate
countermeasures optimal to the defects. The composition, requisite skills and responsibilities are
reprasented in the table at next page:
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Table 2.2: The compaosition, requisite skills and responsibilities of Inspection Team

Sl Faosltion Deslgnation In Additional Skilis Responsibilites Mo of Personnel [Category of Malntenance
Mo Team Required New Bridge/ Routine Perlodic
Cubeert inspection ingpection
Bcceptance
Inspection
1. Upazilz Engineer  Evaluator) Senlor Tralned on: Evaluate the condltons of the bridge correctly and 1 - i |
inspector [Team “Bridge Approve bridge Inspection plan proposad by
Leader Insgreciion and Inspection tearm.
Condltan Supervise bridge Inspection warks,
Assessrment Provide bridge Inspection program support.
Gubkdelinea” Malntaln accurate bridge reconds.
Estabdish the bridge Inspecton plan.
Post inspection data, location, schedube, tool and
Instrument list, vehicle & traffic
safety guards Met,
Conduwct bridge Inspection works on site.
Evaluate rating of rernedial action of all bridges as
Evaluator
Propose appropriate remedial actions for the defects
Check submitted dooement/data i 1 1
Supervise Inspection works on sltes and assist in;
Miaintaining accurate bridge records;
Establishing the bridge Inspection plan;
Posting Inspection data, kocation, schedule, ool and
Istrument list, vehicle & traffic safety guards list;
Conducting bridge inspection works on site.
3. Sub-Assistant Inspector (]3] Confirm tool and equiprment, wehicle and manpower 1 1 1
Enginesr prepared by Assistant Inspector
Instruct driver on planning of traveling routes
implement bridge Inspection works on slte
fecord Inspection results on inspection Reconding
Forms
5 Take photographs of the bridge and defects and o
sketch defects i necessary

N e W e e

L

2.  Upazlla Assistant inspector Do
Enginesr

o e B

=

B

i3



51, Positon Designation in

Mo Team

4,  Sub-Asskstant Assistant
Engineer Inspector

5. WorkAssistant  Traffic Controller/
Traffic Safety

Guard

Additional Skills
Required

Do

Do

B Assist Senor Ispector summarzing Inspection

7

Recording Forms and making falr copy of Inspection
Recording Forms Including photos and sketches

Assist Senlor inspector inputting work of Inspected
results data into BMS

Azgiet im:

1,
2,
3

L

ol -

i

Dally preparation of bridge Inspection works;
Preparing necessary tool, equipment and material;
Loadingfunbading tood, equipmment 2nd matearial
on/off the vehicks;

implementation of bridge Inspaction works
inspecton and taking photographs at namrow or high
place;

Feasuring,

Supporting scaffolding;

Cleaning bridges, If necessany;

Removing obstructions, If amg.

Prepare necessarny tool, equipment and materal for
traffic safety measwres at inspection sites;

Place necessary traffic control material on inspection
sites

To watch and controf traffic at Inspection shes.

12
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2.4 Inspection Tools and Access Equipment

Proper inspection equipment plays a key role in maintaining the safety of the traveling public and
the inspectors. The inspector therefore, needs to be familiar with avery piece of tool and/or
equipment and how to use and operate them properly and safely.

2.4.1 Inspection Tools:

Standard tools that an inspector generally uses at the bridge site can be grouped into B (Eight)
basic categories: Viz.
1. Tools for cleaning {Figure 2.1)
Tools for inspecton (Figure 2.2)
Tools for visual aid (Figure 2.3)
Tools for measuring [Flgure 2.4)
Tools for documentation [Figure 2.5)
Tools for Access (Figure 2.6)
Tools for Safety (Figure 2.7)
B. Tools for Miscellaneous use (Figure 2.8)

i A il

The following Table 2.3 presents the variety and uses of inspection tools:

Table 2.3: Standard tools of inspection and their ample use
Sample PFhotographs

Name of Tool

: EI = '.'.I

1. Wisk broom 1. Removing loose dirt and debris
2. 'Wire brush 2. Removing loose paint and
corrosion from steel members
3. Scrapers. 3. Remaving corrosion or growth
from member surfacas
4. Flat bladed 4. General cleaning and probing
scrawndriver

5. Remaving dirt and debris fram
I:ear{ngam'ars

. Pocket knife

. Hand brace and
bits

. Timber boring
tools

1. Gemeral duty

2 !‘.l.lrl".l;.a mmlnatlnn ufﬂmher
members

3. Boring suspect areas of imber
members

4. Internal examination of imber
members

. Chipping 5. loosening dirt and rust scale,
hammer with sounding concrete and checking
leather halder for sheared or loose fasteners
(16-ounce
geclogist’s pick)

. Plumb bob 6. Measure vertical alignment of a
stperﬁhutture or !uhs:tructure
member

. Tool belt with 7. Convenient holding and access of
tool pauch small tools
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. Chain drags

Range
pale/probe

o,

8. Identify areas of delamination on

concrete decks
Probing fior scour holes

. Binoculars 1. Preview zreas prior to inspection
-ackivity and for examination at
distances

. Elashlight 2. Muminating dark areas

. Lighted 3. Close examination of cracks and
magnifying glass areas prone to cracking
(e.g, 5 power
and 10 power)

. Inspection 4. Inspection of inaccessible areas
mirrors te.g., underside of deck joints)
Dye penetrant 5. |ldentifying cracks and their

lengths
Pocket tape (six- 1. Measuring deficiencies and
fi=ot rule) member and joint dimenszions
25" and 100" 2. Measuring component
tape dimenzlons
3. Slide Calipers 3. Measuring the thickness of a
member beyvond an exposed edge
A, Optical crack 4. Precize measurements of crack
gauge widths
5. Paint film gauge 5. Checking paint thickness
&. Tittrneter and &. Determining titing substructures
Frotractor ‘and for measuring the angle of
bearing tilt
Toals for 7. Thermometer 7. Measuring ambiant air
Measurement temperature and superstructure
temperature
8 Four-foot 8. Measuring deck cross-slopes,
|:E|_r|:!|=__lnt|_=_-r"5 level Epp'm.adl:hhm_mmt setﬂemem
‘and substructure alignmemnt
9, D-Meter 3, Measuring accurate thickness of
{ultrasomic stea|
thickness gauge)
Electronic 10. Measuring accurate lengths and
Distance Meter clearances of span when access is
(EDM ‘a problematic

11. Securing the string.

14




Mame of Tool

1. Inspection
forms, clipboard,
and pencil

2. Mote books

3. Straight edge
4. Digital camera

5. Chalk, Kiel, paint
sticks, ar
markers

&. Center punch

1. Record keeping for most bridges

2. additional record keeping for A
complex structures

3. Drawing readable sketches

4. FProviding digital images of
deficiencies which can be
downloaded and e-mailed far
instant assessment

5. ldentifying member and defect .
for improved organization and =
photo documentation

&. Applying reference marks to
steel members for movement

bigital Camera
documentation {e.g., bearing tilt %
and joint openings)

7. P-K [Parker 7. Establishing a reference point
Kalon) masonry necessary for movement
survey nails. documentation of substructures
and large cracks
1. Ladders 1. Climbing to substructures and
varbous areas of the
superstructure
2. Boat 2. Soundings and inspection; safety
for over water work
3. Rope 3. Aiding in climbing
4. Waders 4. Inshaflow streams
1. Hard Hat 1. Preventing protection from
serious head injuries in two ways:
*  Against falling objects.
*  From accidemtal impact .
with bridge components S
2. FReflective 2. Making inspector more visible to
Safety Vest

passing motorists through \ l ‘-*
combination of bright colorand | }:’
reflectivity i
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Life lacket B

5. Dust Mask/ 6.
Respirator

. Safety Harness 7.
and Lanyard

. Providing eye protection when
the inspector is exposed to fiving

Gloves 4.

Sample Photographs

particles.

Protecting inspector’s hands
from harmful effects of
deteriorated members

Protecting from accident,
drowning due to
unconsckousness or falling or

slipping/stepping in too deep
area.

Protecting the inspector from
harmful airborne contaminants
and pallutants

Acts as inspector’s lifeling in the
event of a fall

Penetrating oil 2.

Tools for
Miscellaneous
usE

Imsect repeflent 3.

Waspand d.
harnet killer

Manned 8 Respond to water emergencies at
Boats/Skiff all times when Inspection is
ongoing over water and any
equipment misses the position
towrards water.
. "C'-clamps 1. Providing a "third hand" when

taking difficult measurements

Remaoving fasteners, lock nuts,
and pin caps when necessary

Reducing attack by mosquitoes,
ticks, and chiggers

Eliminating nests to permit
inspection




ArCcess

Mame of Tool
First-aid kit

Protecting small cuts, snake
bites, and bee stings

Protecting cloths and skin against -
sharp edges while inspecting

7. Cell phone 7. Calling someone in emergencies

8. Toilet paper B.. Mesting other "emergencies”
(better safe than sarry)

St

Similar to Inspection tools there are good varieties of access equipment. These includes different
types of water and land vehicles and some permanent structures as well. The inspectors should
be familiar with all of them along with [atest developments so that they can easily cope with the
new vershons in near future when those will be avaliable in the country as well as in the
department. Table 2.4 presents the variety and uses of access equipment/StructureNehicles.

2.4.2 Access Equipment

Table 2.4: Varieties and uses of access aquipment/Structure/Vehicles:

Mame of

Phot hic Hustrat
equipment otographuc llustration

reached safely, without
undue learing.or reaching,

2. FRigplng [cables 2. Gaining access to floor

and platforms) systems and main load-
camying members in areas
where access by other
means is not feasible or
where special inspection
proceduras are required.,

Equipmient
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Scaffolds 3. Providing efficient and

- alternative access for
structures that are less
than 40 feet high and aver
level ground with fittle or
no traffic nearby.
Climbers 4, Inspection of high piers
{maobile and other long vertical
inspection faces of bridge members
platforms)
Survey 1. Establishinga
Equipment companent's exact
{Tatol Station, location relative to other
Lronsit fevel, companents, as well as an
EHEPRIE, established referance
incremental rod, point.
o other survey :
‘equipment)
Mon-destructive 2. MDE equipment allows the
Evaluation inspector to "sea" inside a
Equipmant bridge member and assess
Special deficiencies that may not
Equipment be visible with the naked
Bye.
Underwater 3. Examining of substructure I
Imspection units and the channel
Equipment below the water line. |
(range pole, plece |
of reinforcing |
steel, o survey
tord @ fovdlan 20ie, |\
O BVEn O tree Ranging Pole
limb)
Ajr-water jet 1. Cleaning surfaces of dirt
equipment and debris
ORI 2. Sand orshot 2. Clean steel surfaces to
Specks| biasting bare metal
Equipment s -
. Buming, drilling, 3. Burning, drilling, and
and grinding grinding
eguipment Water Jet System-Bridge Shot Blasting on Bridge




1. Rotary 1. Detectthe presence of

Percussion concrete deficiencies
2. Scour 2. Measuring depth of scour
heasurement during flood flows
Equipment
3. Scour 3. Oceanographic and Scour benitoring Equipment
Manitoring hydrographic surveying
—— Equipment: (Side  (has not been widely
Equipment Scon Sonar, Multi- utilized for pertable scour
beam Sonar, monitoring).
Seanning Senar) ' -
4. Web-based 4. Monitoring scour online
Scour
Monitoring:
Seour Monitoring
Cerlar
5. Remote 5. Providing two main types
Camera of information: spatial
measurements and
surface analysis.
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Catwalks (an 1. |nzpecting parts of deck,

inspection superstructure and some
platformy) portions of the
substructure.
Fermanent
Access . Trawveler 2. Inspectors more numbers
finspection (movable of elements of
Structure inspection superstructure.
platform)

. Handrails (Fig- 3. Assisting the inspector for
2.18, 19) free climbing on the bridge

in a number of different

locations on the bridge.

. Boats{general 1. Gainingaccessto
and safety} or structures over water for

Barges inspection as well as for
taking photographs
ranlift 2. Generally used in different
terrainz
Access
Vehicles
[Water &
Landd)
Bucket Truck 3. Generally used in different
terrainz and highways)

Under bridge inspection vehicle with Bucket
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2.5 Safety Fundamentals for Bridge Inspectors
2.5.1 Importance of Bridge Inspection Safety

While performing an inspection it is utmost Important to perform it in a timely and efficient
manner with perfect and applicable safety. As because "SAFETY FIRST" is the burning slogan across
the world irrespective of genre and category of implementation of work. Attitude, alertness, and
common sense are three important factors in maintaining safety. To reduce the possibifity of
accidents, bridge inspectors need to be well concerned about proper safety.

2.5.2 Safety Responsibilities
Bridge inspectors are ultimately responsible for their own safety. LGED and the Executive Engineer
of concerned district should ensure the proper enforcement of safety rules and procedures relatad

to bridge inspection, implementation of safety trainings, proper use of safety tools etc. in
performing a successful, desired and standard bridge inspection.

2.5.3 Personal Safety of Inspectors

It is important to be cautious regarding dress, shoes and other safety tools perfectly matching with
thie type of job and climate and site condition. In this connection the inspector may wear a tool
pouch to carry tools and notes with hands free for climbing and other inspection activities
properly. He should use the safety tools [as described in 2.5.2; Table:! 2.4: Safety Tools) correctly

in order to ensue personal protection.
2.5.4 Safety Precautionary Measures

It Is important to follow some precautionary measures to save or prevent the inspector from
potential accidents in addition to wearingfusing the safety tools during inspection. Safety
precautions can be divided in to following categories:

1) General, 2) Cimbing, 3) Confined Spaces, 4) Vegetation, 5] Night Work, 8) Around Water,
and 7) Culverts.

Table 2.5; illustrates category wise summery of safety precaution.

Category Frecautmnar',' Steps to be followed
General = ;eh;yﬂ’lw and alert ta E&pﬁwtﬂhrﬂrami free from mental
Il distractions;
= Uﬁi‘*& rmuper tools sgafheﬂhrﬂrejuh,

 Keeping work areas neat and uncluttered to avoid injury;

> E!.l:gl:'stﬂig systematic methods to meet the job, expectation;

j?ﬁ- mmmmemdmndwmmiﬂhpbemw

¥ Do not m&memmWMmmmwmw
mnrclnﬁt'rnn:

¥ Avoid medication to remain safe from drowsiness or other unwanted and

~ patentially dangerous side effects; -

8 ﬁem&ﬁdmmwmgmﬂm@mhe Saﬁ'ﬁ!fl:nmdlldﬁﬂfﬂ!dwtﬂt
shock.
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Climbimg # Be organized and well panned to reduces the chance of the inspectors falling
or getting stuck in'a position and become unable to get down;

¥+ Be consclous about the weather condition to be safe from unwanted
situation;

L

¥ Check personal attire (Clothing, lewelry etc.) for suitability to the job;

¥ Check inspection equipment for proper use and condition.

‘Confined Spaces  [iFe Confined space {box girder bridges, steel box pler caps, steel arch rings, arch
tes, callular concrate structures, and long cubverts) entry is regulated by
Occupational Safety and Health Administration (OSHA)

* Requires proper training, equipment, and permission.

K" uget.at on # Be aware of any vegetation (like Poison vy, oak and Sumac) located around

any substructures to be safe from itching, skin irritations;

# Be aware of any tall vegetation which could hide holes in the ground and lead
to possible injury or other unknown hazards if not found;

Night Work ¥ Wear safety vest with both bright colors and reflectivity to make inspectors
more visible to passing moterists;

Around Water # \When wading in water, be aware of any scour hobes and be careful nnttnﬁiip
or fall on objects in the water;

# Be cautious to be safe from drowning whenever storms/flood appear
immminent;

# When performing an underwater inspection, particularly in low visibility
and,/or high current situations, be extremely careful and be sure to watch for
drift and debris at any height in the water.

F Being aware of the following hazards:

o3 Jnadequatﬂ'entlraﬁmtu be safe from mygéndeﬁelmfhaﬂeﬁéntufm:hc
gas;

# Sandy streambeds, Eipa:iau'if at the outlet end ﬂfﬂ"IE :dmtmhenfeﬁnm
{h.lldﬁandﬂnﬂdﬁuﬂs;

¥ Potentially ﬂmg_nmgﬂwl_ﬁﬂhi:ﬂ be safe from life threatening attacks.

2.6 Temporary Tratfic Control

Relatively short-term closure or diversionfcontrol of traffic in generally needed for Bridge
inspection. Till date LGED doesn’t have any standard drawings/procedures regarding traffic
control/management especially for Bridge inspection program. It may need to develop and ssue
their own standard traffic management drawings for all maintenance, construction and inspection
related work. It may be Sme consuming as bacause thera are lots of stakeholders including Local
Government Institutions, Transport business community, Operators and mass people as well. As
s00n as it becomes possible to develop it will be incorporated in the updated/revised version of
the Guideline.

A standard outline is presented here that can help LGED in managing traffic temporarily and/or
derive a standard traffic management drawing/procedure for future use,
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2.6.1 Principles to Control Traffic

Tempaorary traffic controlling/management generally aims at to minimize inspecton Hme in
reducing exposure to potential hazards without compromising the thoroughness of the inspection.
Principles and procedures that have been shown to enhance the safety of vehide operators,
pedestrians, and bridge inspectors in the vicinity of work areas generally include the following:

= |nforming the vehicle operators [Drivers): From planning stage to performance of the
Inspection program traffic safety is an integral and high priority element. Therefore,
safety of the drivers, pedestrian, inspectors and workers should be given prime
priority. The notice of work site locations and guidance should clearly ba
communicated to drivers.

= Guiding the Traffic:

v
v

LT

Pretension of traffic movement should be as minimum as practical.
Temporary traffic control in work sites should be designed on the assumption
that drivers only reduce their speeds if they clearly cbserve a necessity to do =so.
Reducing speed 2oning shouwld be avoided as much as practical.
Espedially on busy roads, i.e., Upazila roads provisions should be made for the
safe operation of work/service vehicles. This includes:
= Use of roof mounted flashing lights or flashers when entering or leaving
the work zone,
=  Mumber of lanes may be dosed at one time for an operation.
= Inspecting the entire floor system from left to right might be most cost
efficient.
= Dictating working in partial width, a few stringers at a time while
controfling traffic temporary.

= Provide a Clearly Marked Path - An appropriate traffic control plan must provide for
safe and efficient movement of drivers and pedestrians and expected protection
of inspectors at work areas. Therefore:

o

v

Cil

Sufficient warning, demarcation and channelization should be provided to assure
the drivers posithve guldance in advance through the work area.

PFroper signing and other devices which are effective under varying conditions of
light and weather should be used.
Temporary traffic control devices should be removed immediately when no
langer needead.
An unencumbered roadside recovery area should be provided to accommodate
run-off-the-road incidents, disabled vehicles or other emergency situations.
Use of cones, barricades, and other lightweight devices {that yield when hit by
errant vehicles) should be accomplish to channelize the traffic.
Equipment and materials should be stored in such a manner as not to be
vulnerable to run-off the-road vehide impact, whenever practical.

When safe storage ks not available adequate attenuation devices should also be
provided.



2.6.2 Safety Practces in Work Zones for Inspectors

Moving traffic on a road track is more threatening than climbing operation for an inspector.
Therefore, the working areafzone should be a utterly safe from traffic so that the inspectors can
cancentrate on performing their jobs. It is desirable that the working area/rone;

= Should be clearly marked so as to gulde the traffic around it;

= Should be prevented from entering errant vehicles to the possible extent;

= Should be as compact as possible to minimize traffic disruption;

= Should be wide and long enough to permit access to the area to be inspected and
aflow for safe movement of workers and equiprment;

= The boundary or end line of the working area should be clearly marked as a civility to

the moving traffic.

2.6.3 Temporary Traffic Control Devices/Signs

Principles: In any location of inspection, the inspectors may nead to handle unigue pattern of
inspection task and different traffic concerns. Therefore, selection of appropriate temporary traffic
control devices for each location depends on 5o many factors. Irrespective of the types of
temporary traffic control devices, there are some basic principles for efficient ones. Temporary
traffic control devices:

= Should to be visible and attracting to the drivers/com muters.
=  Should be in good condition. Preferable concerns:

*  Bright colors make devices easler for motorists to see {Standard colors are orange
and white);

* Readable and color distinguichable zigns day and night;
*  Properly sized for the roadway easily visible from the moving traffic.

= Should provide clear direction to the drivers/commuters/pedestrians;

=  Should be respect worthy and official;

=  Should be professional and geared to the dass of roadway, speeds and traffic
invahoed;

=  Shaould be standard enough to prompt proper response at proper time applicable
for drivers/vehicle operators.

2.6.3.1 Types and Purposes

There are huge numbers and varieties of devices/signs used in a diverge range of purposes. The
following table (Table 2.8) illustrates a standard set of devices/signs with potental/realistic
puUrposEs:

Tabla 2.6: standard set of temporary traffic control devices/signs with potential/realistic
purposas
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Type/ i UsesfPurposes ¢ Mlustration
Variety Signs/Devices Ll Photigomh
Regulatory = SPEED LIMIT = |pspecting the underside of a
= [ NOT PASS bridge or for inspecting
{Authorized by the  substructure units only for

public agency or those portions that can be
official) reached zafely, withouwt
undue leaning or reaching.
Warning = BRIDGE = Alert road users of specific
INSPECTION situations/conditions on or
AHEAD adjacent to the roadway that
= WORK AREA might not be obvious;
AHEAD = hday be used individually/in
= SLOW combination with other
warning signs
Guide Signs = PARKING = Generally used to provide
= FREEWAY drivers/operators with
EMTRAMCE information to help them
[Generally not through a temporary tratfic
used in control zone
Controlling
Bridge
Inspection
traffic)

Dibversion = Arpoaw Boards = Generally used to advize

Devica (May be used drivers/operators about a
individualty F n lane closure/diversion along
combination with multi-lane highways/
appropriate signing,  roadways for:

channe|ization o Heawy traffic volumes;
devices and other andfor
temparary traffic o Limited sight distances
control deviees)
Changeabl = MENAND = To provide drivers with the
e Meszage ECHHFMENT warning of:
Signs WORKIMNG o Unexpected situations;
= COMSIDER o Complex messages;
ALTERMATE o Important information;
ROUTE and

o Real time conditions.
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:ﬂ:f " E“amp?ms Uses/Purposes Photographic llustration
ariety igns/ Devi

Channelizin = Cones = To channelize
: g Devices o Generally vehicles/drivers:

orange and o Divide opposing traffic
windle: lanes:

= Canbestruck | pivide lanes when two or
WU mizre lanes are kept open
causing =
damage to the in the same direction;
impacting o Demarcate short duration
vahicle: bridge inspections/utility

o Used in day works.
Tl e

= Dirums = To channelize or warn

o Made of vehicles/road users
lightweight, = To provide the drivers a
deferrmable highly visible and upright

o ::t!::::: wiarning of imminent
St conditions;
ateominodate
within a
working area

= WYertical panels = To channelize vehicular

(Diagonal traftic;

orange and = To divide opposing lanes;

white = To replace portable

stripes pointing | jishtweight barricades.

densrnaard

indicate drivers

the direction to

fodlow)

Flaggers ) The sign paddle bearing the e | g
Hand signalizing ki ATCB AL Paals [ ;
i o clear messages “STOP™ or s it
STGP,.FE;.{]W SLOW™ provides: == ™
paddles, flashing | = Drivers with more positive @ - S E——_ &__'}
lights, flashlights,  guidance than flags; 1= ﬂ w0 £l
and red flags. = Generally, the primary hand (L o | i
= FHaggers, S ﬂm:Lgl:n dEﬁEF' | i LI' == 4

ol = Haggers provide assistance: ? .

. o Tostop traffic at work sipes - Q P L
maintaining intermittently as el i |
color contrast necessitated by conforming .
between the 1o work progress. | \
work area o Tomaintalin continuity of [ .'I". : | P\
background his traffic pasiing a work site at ¥ ) I"-J'
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m EE"E':'};::ZE Uses/Purposes Photographic lllustration

protective reduced speeds to help

garments protect inspectors
= The flaggers

should stand

ajther an the

shoulder

adjacent to the

traffic being

controlled orin

the barricaded

lane
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CHAPTER 3

INSPECTION PROCEDURE

Inspection program of Bridge plays an Important role in providing a safe transportation system in
the country. Like all other transportation infrastructure Rural bridges continue to age and
deteriorate, An accurate and thorough condition assessment of each bridge is significant in
maintaining a dependable rural transportation system. This chapter presents the duties of the
bridge inspection team, It also describes the actvibies and tasks that inspection team can folliow
as preparation for the inspection. There are five basic duties of the bridge inspection team:

% Planning the inspection;
Preparing for the inspection;
Perfarming the inspection;
Praparing the report;

Identifying items for repairs and maintenance;

¢ L OO P

Communicate the need for immediate follow-up for critical findings.

3.1 Inspection Planning

Any inspection program of Bridge always incepts with decent and upright planning. Appropriate
planning s essental for implementation of a safe, efficient and cost-effective inspection that

results in a systematic and complete inspection of in-sarvice bridgeas.

While planning an inspection, it i5 a good practice to include 3 qualified Team Leader for all
categories of inspections. Evaluation of the requirement of activities (eg., non-destructive
evaluation, traffic control, use of flaggers, utilities, permits, hazardous materials such as lead paint
and asbestos removal etc.) should be performed. To perform the inspection methodically and
systematically, the Inspection Team Leader should develop appropriate programs necessary for
an efficient, cost-effective effort In advance. This will result in an accurate, thorough and complete
inspection. Main activities are as faollows:;

= |isting of all the bridges to be inspected;
*  Salecting the type of inspection;
= Finalizing a ime schedule for selected inspection work;
=  Ensuring the availability of inspaction team members;
= Arrangement of available tools and equipment
=  Coping with seasonal restricbions.
It is important to keep a schedule flexible taking account for delays caused by weather, shutting

down traffic lanes and working over railroads, eguipment breakdown, and absence of Team
Member(s).



3.2 Preparing for the Inspection

Prior to commencing inspections, the inspection team shall ensure that they have all relevant
documentation, inspecton and safety tools and equipment and has made the appropriate
arrangements with the relevant road, railway or other authorities for temporary access to carry
out the inspecton. No structure should be inspected without some measure of preparation. The
major preparation activities include:

Before inception of the inspecton, It is important form the part of inspection team to ensure the
availability of all the relevant documents, toals and equipment essential for the sake of inspection
as well as safety. The team should make all the necessary arrangements with refated authorities
{Administration, RHD, Railway etc.) for temporary access and/or other issues (if any). It will not be
wise to initiate any inspection without assuring minimum preparation measures. The major
preparation activities include:

Reviewing the bridge inventory files (from inventory/RSDMMS/RuBIMS);
Identifying the elements and components;

Developing an inspection sequence;

Preparing and organizing sketches, forms, and notes;

Collecting and Organizing equipment & tools;

Arranging for temporary traffic control;

Reviewing tha safety precaution measuras;

Communicating Information to concerned authorities;
Reserve/Alternate planning.

DN M E W

The following table llfustrates activity wise task summary of the preparation phase:

Table 3.1: Activity wise task summary of the preparation

:; Preparation Activity Task Summary
L Reviewling the bridge Inventory #  Reviewlng the available sources of Information Hke:
files [frem inventary’ RSDBMSS = Plans [Construction plans, &3 bullt drawings, Specifications),
RuBIMS) Materials and tests {Materlal test Reports, test data, load test
diata ete)

= Correspondence on the Bridge Structure

= Photographs, Maintenance and repair history
= fAecident records, Rating records & Load Posting and Permitted
boads (if avallable)

= Flood and scour data (if svailable)
= Traffic data (if avallable)
= Inspection hilstany and Inspection pedguirements
= Structure Inventory and Appralsal sheets
¥  Hydrologicsl data:
= Shape and location of the channel
= precence of protection device
= Flood frequencies
= ‘Water elevations at different intervals [If available]
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5.
Na

0.

Preparation Actisity

Identifying the elements and
components [System of
numbering of
Cormponents/Elements i3
illustrated in Chapter-5)

Developing an inspection
SeqUence;

Preparing and organizing
skerches, forms, and notes

Caliecting and Organizing
equlpment & tools;

Arranging for temporary traffic

control

Reviewlng the safety precaution

MEAsUnEs

Communicating Infarmation to

concerned authosities

Provisbonal planning

Special Consideration

Task Suminary

Formulating a systern bo:

= [dapntify the structure arbentatban smnd

= |dentifying different components/elements of the bridge;

Chalnage based route direct]on:

= To [demtily the starting and ending point of the bridge;

Starting with deck and superstructure elements then to proceeding

o subsiructure.

Progreccion Sequencs:

= Roadway Elements: [Approach roadways, Traffic safety features,
General alignment, Approach alignment, Deflections,
Seftlement);

= Dick Elerments: (Bridpe deck: top and bottam, Expansion joints,
Shdewalls and rallings, Dradnage, Signing, Electrical-lighting: i
sy, Barrbers, gates, and ather traffic controd dewlces);

= Super-structure Elemnents: (Primary load-carrying members,
Secondary members and bracings, Anchorages, Bearngs):

» Sudh-structire Elements: [(Abutments, Piers, Footings, Piles,
Curtein walls, Skewbacks /arches: if any, Slop protection);

= Channel and Waterway Elements: (Channel profile amd
alignmment, Channel streambed, Channel embankment
protection, Hydraulic opening Fenders);

Obtaining copies of the standard Inspect ion form ko

= Ellmimate unnecessary waek in the feld:

= se i recordkesping: And

= Az & checklist to ensure that the conditlon of all elements is
noted,

Making & copy of prévious inspection report along with
photagraphs and other relevant Inforrmathon available in site;
Collecting and arranging for necessary toals and equipment
conforming to the Location and Type of bridge

Checking and following the prevalling and governing procedures
when working in exposed traffic;

Adjusting the schedule to acoommodate temporary traflic control
neads:

Taking safety precautions with extreme seriousness

Followdng the general guldelines for safety precautions a5 8 mikst
[Section: 2.6.4; Table 2.5):

Infarming concermed authority (Local Administration, Pallce,

RHDY Railway etc.) f temporary stopping of traffic movement or
sirnitar step is mandetory:

Fallowing the procedures of cwming suthority (If applicable);
Being known wharm to notify or whene to go in case of emergency,
and

Having the office and home phone numbers of all concemed in the
inapection program.

Consider dry seasons for Bridge Inspection
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Preparation Activity Task Summary

P heoid traffic Pick-hours including Hat-days
F hwoid flooding season for sub-structure inspection
bvoid high-tide tme for sub-structure nspection

3.3 Execution of the Inspection

The inspector shall perform the inspection in a systematic way at the bridge site. It should be
started at the deck surface and approaches. After that, proceeding from the starting point of the
bridge should be accelerated down through the superstructure and substructure. The inspector
shall complete the following activities:

1. alignment of Site: The inspectar shall:
a. Confirm the compass direchions, the waterway direction of flow and
the inventory route direction;
b. Record the detail of inspection team, weather conditions, air
temperature and tHme.
2. Management Meeting: The inspector shall arrange for a management meeting with team
members for:
a. Clear understanding of what is to be done;
b. How to do it safely up to the completion of the inspection; and
. How to handle the possible safety risks.

3. Inspection On the Site: The inspection on the site is the actual jobs to be done in performing
the inspection program. These includes quite a pood number and varieties of activities and
tasks. The followings table {Table 3.2) illustrates activity wise task summary:

Tabke 3.2: activity wise task summary of On-5ite Inspection
5l

r Inspection Activity Task Sumdary
1. Avoiding any mistake in € Checking:
identifying the bridge = Number of the Bridge, if any;
= Mame of the Bridge, [f any;
= Mame of the River/Cangd, if any;
= Number of Rosd section and distance to the bridge;
s | none of the above information s avellable then other identification
rrark,
< Carried out marking components and elerments of the structure for:
= Eeeping track of the location of Inspector;
. . * Guarding sgainst overlooking any portion of the striciure
2 Inspecting and assessing £ Dbserving the wark gt hand carefully and attenthvely;
the condition of each # Chear and specific noting (when problems are found):
standard component and » The bocation, size, and severity of the deteriaration of distress; And
element {up to the extent » Probable eause(s) of deterioration or distress
to wiich the rating applies] | & Determining the types of defects and the rating of them;
(Ratirg is discussed in & Ensuring noting a3 200n 35 any obiervation 13 made without
EhIptﬂ"—'EI DHEI'hﬂHI-‘I-E-
3. Compiling appropriate 4 Ensuring imventory photographs (mandatory) of:
photographic and skebch = Both zides elevation of structure;
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record (Far Perlodic
Inspaction)

* Both directions general view of carriageway over deck;
= Clear view from approach road (along with bridge number or other
identification made aarlier)
% Photographs of major defects and defective Compomnents must:
= Ee taken for the worst condithon for each span of bridges;
= |nefude afl information in terms of defects:
= Show rmessurement by measuring tape/ribbon rod (If possibie)
% Taking photographs of undefined compomnents.

3.3.1 Procedure of Periodic Inspection
Following table [Table 3.3} illustrates activity wise Procedure of Periodic Inspection:

Table 3.3: Actvity wise Procedure of Periodic Inspection

5l
Mo,
1

i~

Activity
Annical Planaing

Implementation of Plan

Checking for Defect

[Conditlon) Rating by
Ispectors

Evaluating Whether

Urgent Repalr is
nieeded

Taking decision about
Eurther Inspection

Planning Further
Inspection
Performing Detall
Investigation

Prooed ure (Tasks)

Sub-fAssistant Engineer (Sendor) i consultatbon with Upazila Engineer shall first
prepare anniual plan for perlodie inspections. Follewing issues shall be given
prioriny when planning:
£ Selecting workable seston to understand actual condition of bridges;
# Rational deployment of members of Inspection Committes to ensure
implementation of targeted work load;
% Ensuring avadlability of necessary inspection equipment;
% Formulating a repairing schedule based on inspection findings.
A moathly/FortnlghthyWeekly implementation plan shall be msde for:
=  Deploying manpower;
= Drganizing inspection teams and rowtes
£ Before starting the inapection, the inspectors shall:
=  Formulate visual inspection data sheets to record their obsarvations
of defects;
= Review previous inspection records to understand the nature of
defects
& During Inspection, i any defiact (s identified, then the Inspector(s) shall
determine whether any further measurement is needed or not.
Afper dentifying & defect, the Inspector shall:
= Clearly deseribe the condition of defect; And
= Give 3 rating &s per rating rule of this Guideline [Chapter &
Secthonb 2):
= Prepare a clarified inspection repart regarding the defect;
= Artach an illustrating photograph with the report.
Check whether the defect i@ In primary element that bears vehicle load;
i so, examine extent of possibility of further deteroration of the defect;
Judge the extent of risk related o the safety of vehicular rraffic;
Eveluate and dedde as soon as possible whether urgent and cost-effective
remedial measures are necessary for safety.
H after visual inspection it becormnes difficuldt to an inspector 1o ascertabn the
extent of rating fcause of defect then he shall decide whether fusther
indpections awch as:
= Special inspection:
= Re-inspection;
= Detall imvestigation: Or
=  Monitoring B mecessary.
H deciston of further inspection along with type is finalized:
=  Formulating & realistic and easily implementable inspection plan.
Carrying out Detadl Investigation as per Inspecthon methods based on
characteristics and defect of the bridge,

o
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e g8

11.

Aetivity

Finalizing Meed of
Repair
Dats Entry Inba RUBIMS

Generating Repor
from RuBInS

Presarvation of
Periodic Inspection
Report

Preparing Maintenance
Plan

Procedure {Tasks)

Fimalizimg the type of repalr [remedial measures) far tlu"n.uged element by
Upazils Engineer/Executive Engineer (Districk).

Entering Inspected results an the asues mentioned above inte RuBIkS
saftware a2 300n 85 possible,

e

¢ s

Generating inspection repart from [shall be treated a3 official report)
RuBlkaS based on the data entered;

Checkimg for Input erross immediataly after generating report;
Attaching Photographs with the report,

Im s dtion to entry inbo RUBINS, periodic Inspection report shall be
preserved in separate office file as reference; And

Copying/using for other official purposes.

Formulating (by Upazila Engineer In consultation with District Executive
Engineer] a realistc maintenance plan based on:

= Thedate of completion;
= Maintenance Category and design;

= Diffice/Officer/Staff in charge, and
= Budget allocation,
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3.3.2 Activity wise Flow-Chart for Periodic Inspection:
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Figura 3.1: Activity wise Flow-Chart for Periodic Inspection

3.3.3 Procedure of Emergency Inspection [Detail & Flow-Chart)

Folliowing table (Table 3.4) illustrates activity wise Procedure of Emergency Inspection:

Table 3.4: Activity wise Procedure of Periodic Inspection Conveying
Procedure (Tasks)

LA Checking far Defect Before starting the Inspection, the inspectors shall formubate visual inspection
_ data sheets to record thelr observations of defects;
- ¥ Exarmining Neead far If significant hindrances to vehicular traffic (due to damage ta the bridge
Emergency Actions element] ks identified, the Inspector/Upazila Engineer shall determine
whether or not emergency sctions are needed to:
®  Ensure public safety; And
= fyaid further sccidents.
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Taking Emergency
Initiatives

{Condition) Rating by
Inzpectors

Evaluating Whether
Urgent Repair is needed
Taking decision about

Further Inspection

T Plannimg Furthes
Inspection
Performing Detakl
Investigation

H Finalizing Need of Repair
“ Data Entry ints RUBIMS

L Geperating Regort fronm
RUBIMS

Preservation of
Emergency Inspection
Report
Preparing Maintenanoe
Plan

Conveying necessary information regarding appropriate emergency actions
[by the inspection team/Upazils Engineer) to the Executive Enginger of
Diskrict Inspectors.
After identifing & defect, the inspection team,/Upazila Englneer shall:
= Give a rating to the defect(s) as per rating rule of this Guideline
(Chapter: & (Section 6.2);
= Taking an [Bustreting photograph to show the axtent of defect to the
Executive Engineer/Upazila Engineer 83 the case may be

Check whether the defect is in primary element that bears vehicle load;
i so0, examine extent of possibility of further deterioration of the defect;
Judge the extent of risk related to the safety of vehicular traffic;
Evaluate and decide &35 soon as possible whether urgent and cost-
effectve remedial measures are necessary for safety,
I after wisual inspection it becomes difficudt to an inspector to ascertaln the
extent of rating /cause of defect then he shall decide whether further
inapections such as;
Special inspection;
Re-Emspection;
Detal investigation: Or
Bonitaring i necessary.
If decishon of further inspection along with type is finalized:

= Formulating a realistic and easily implementable inspection plan.
Carrying out Detall Imeestigation a2 per inspecton methods based on
characterstics and defect of the bridgs,
Finalizing the type of repalr remedial measures) for damaged element by
Upazila Engineer/Executive Engineer (District).
Entering Inspected results an the Bases mentioned above inta RUBIMS
softwars 2 oon 4 possible,
2 Generating inspection report from [shall be treated as official repart)

RUBIMS based on the data entered;
% Checking for input errors immediately after genarating report;
£ Attacking Photographs with the report.
& In addition to entry into RUBIMS, emespency Inspecthon report shall e

preserved In separate office file as reference; And
£  Copyingfusing for ather official purposes.
Formmulating (by Upazila Engineer in consultation with District Executive
Engineer) a realistic maintenance plan based on:

= The date of comphetion;

=  Maintenance Category and design;

= Office/Officer/5taff in charge, and

= Budpet allocation,

*eee
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3.3.4 Activity wise Flow-Chart for Emergency Inspection:
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Flgure 3.2; Activity wise Flow-Chart for Emergency Inspection

The objective of detail investigation s to acguire specific information about degradation of a
structure. Following table (Table 3.5) illustrates the objectives of Detail Investigation with sample
photographs:
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Table 3.5: Dbjectives of Detail Investigation with Sample Photographs

Sample Photograph

Ouring previous insaction;
= '%ﬁhf-ﬂgteﬂ@mlﬂﬁn;'
= Changes in performance level are

identified
When the reason(s) for damage is
uncertain, Detailed Investigation is
necessary to specify the cause of the
damage

To determine the scope and the

degree/category of repair and/or
strengthening.

Spalline. Exposid tebar by chleride aituek

3.3.5.2 Selection of the Method of Detall investigation

Method of investigation is generally selected based an the type of damage and assumed reason(s)
of damage. There are many types of Detailed Investigation Method. are listed in. The inspectors
responsible for the Imestigation shall select the appropriate method by applying thair
experiences, engineering judgment and considering other issues related to the investgation
process. Following table (Table 3.8) presents the methods of Detail Investigation:

Table 3.6: Methods of Detail Investigation

M eadvod of
Investpathon

hlinute Destructhe
eofe extraction Test

Rbound. o xR M ¥ Won-Cenmioive TeEt

Strength test by SRR | ERL B R E - 5 Bfinute Destructive
core extraction Test
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Factor of Damage

Niedhaod af

Bssumed Damags Samindton

Rebar Corrashon

Carbonation depth

Phipsical charactss
[ Physical

Fnvestigatian| loading
Frequency of v ||
Displacerent
Measurement of
Vibration e ¥

3.3.5.3 Procedures of Some Leading Investigation

Quite a good number of investigation methods have been mentioned in the table above, The
following table [Table 3.7} presents procedures of some of the important investigations that
inspectors should have a fair idea along with photographs:
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Table 3.7: Procedures of Leading Investigations

= Beasured by a Compressive Strength testing machine using an extracted core;
= From stress-strain diagram of compressive strength test, the modulus of elasticity of
g X concrete can be caleulated; _ , .
i = From the spaliing part no core is extracted for compression test;
B = A core is extracted from sound part of the structure/member;
3 = Core dismeter must be more than 3 dmes of maxiniurn size of coarse aggregate; And
= Core length must be more than 2 dmes of core diameter.
= peasured by the repulsion hardness method (SEriking o
b ot conerelbe surfaes);
Using the arithmete expreston deroed from the
repailsion hardness method, Compressive Strength &
caleulated;
= Repulsion hardness method is an effective way to obtain
refative strength:

= |t shesuld mot be wted to investgate the absolute strength
of conerate,

= I this method total amount of
chiaride bon present in the
concrete |5 determined

* By potentiometric titration sy | i p il | ==
method Chloride Density test !
‘analyres chloride lon
concentration;

= Chioride density teat is done in
the depth direction;
Salinity is measurad at A{four]
points of different depths

Scheaidt Aebsoumsd Hasr s

1. Comprm sree Strangth Tast of Concrmte

Hammer Method
[ ]

Ex. Schimi dt Rebound

Tt || T
P £ | P

Theri

| Pomi-g

iCore extraction method

1. Chiorida §on oon cenimmtion

® Faor chloride density tests seme concrete powder ks extracted by drilling as sample;
= From 4 {four) different depths {in depth direction) samples are extracted;
This test method analyzes chioride lon concentration using potentiometric Hiration

Concrete
pow der by
dirilling

method; And
= Total amount of chloride ion present in the concrete is also determined by this method.

= In Phenalphthalein mathod (By core sxtroction) b - — e—
eutracted eore 4 wathed with water; P

= 1% Phenalphthalein solutlon ts sprayed over the core
surface:

The depth of the purple red cobored part of the core is
then measured from concrete surface at B points = —"]' i
around the croumference of the dreular core; " !

= Carbonation depth of the concrete (2 the mean of these ] 20

depths measured at 8 pobnts mentioned above, = —f— !

{Core Extraction )

= Locatdon of rebar and PC tendan is confirmed by a rebar
deractor;

The test i3 conducted at 3 locadon where rebar ar PC
tendon i not undearmneath

3. Carbonathan depih
Phenolphtha Fhienolpht halein method

lein method
by dirilling
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Retear oo dan |Exposed
reiar)

= 1% Phenalphthalein solution is apraved on 8 filter paper

= The filter paper iz kept holding just below the drilling
hocathon:

= Thus, concrete powder extracted frorm the hole drops
ot I,

= fs soon as the filter paper starts to turn red, drilling is
stoppecd;

= Then the depth of the hale is messured with a Slide "
Caliper which s the carbanation depth. o, T

= In this method, the lscation of rebar and PC tendon is confirmed by a rebar detector;

= Tien concrete 5 cut in such a way that a considerable portion of rebar is exposed;

= The expcsed portion is then cleaned thoroughly by brushes syringes, etc.;

» 1% Phenolphthalein is then sprayed into that area of exposed rebar;

= The depth of red/purple colored part of conerete srface is measured, which is
carbonation depth.

= In this method, the lecation of rebar and PC tendon is
eanfirmed by a rebar detectar;

= Then eoncrebe |5 cut b such & way that & significant
partion of rebar is exposed;

= Then the part of ebement with dtain of rusty water flow,

partial spadling, sxpssed rebar or big corrasion crack ate,
are [nvestigated;

= in applicable cazes partial bozs of ares of a rebar
measured by calipers and after removing stains.

= Carbonation is a degrading phenomenon originated fram COz infiltration into concrete;
= To estimate carbonation depth in concrete, following formula (1) s used:

V= B v it e i saa e i oo FOTENG] (1)

Where,

: estimated carbonation depth (mm)

b : coefficient of carbonation speed {mm,/viear)

L :tirne [ear)
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= Spreading of chioride lon stuck in concrete surface is predicted from diffusion eguation
dertved fram Fick's Law;
Fick's Law is shown s a8 below:

Ja=-D% - . -

i = Baass flux which is 8 matertal flow through & unit cross-sectional area n unlt Hme
D = Diffusivity constant

Ci = Concentration of the substance

x= Distance coardinate

= The diffusion equatkan indicated below k= obtained from continuity of 3 material flowe:

S e N (3}

1= Tirme

= When the boundary condition ks given and the differential equation §s solved, formula
for chioride ion concentrathon diffusion i3 obtained as below:

ci{x.t}=c&[1—mf[3fﬁ])_ .................. 4

D = Diffusivity constant

Cj (=, th= Chioride lon concantration at "x" location {kg/m3])

Cn = Chiorlde ion concentration at x=0 (concrete surface) (kgfm3)
x = Distance coordinapelem)

t = Tirme {Year)

‘erf(x] = Error function

erf(x) = % j: =t dr

Chioride Attack

3.4 Reporting the Findings of Inspection
3.4.1 Preparation of Inspection Report
An inspection Report essentially be prepared on completion of every periodic inspection of a Bridge for:

% Recording the findings of inspection; And
% Delivering a descriptive details of site conditions of the bridge.

3.4.2 Who will prepare the Report

Inspector (Sub-Assistant Engineer; SAEs) shall be responsible for recording and putting the findings of the
inspection concerned to the Team Leader/Senior Inspector/Upazila Engineer. They shall use the Reporting
Form generating from RuBIMS.

3.4.3 Data for Identification of the Bridge

To confirm the identification of the Bridge, the Bridge Inspection Report form will contain the following
information:

%  latitude/longitude or Global Positioning System (GPS) coordinates;
%  Name of the Bridge;
%  The frequency of inventory route followed over/under the bridge;
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# The chainage of the bridge on Inventory route;
% Intersecting feature{s} with the bridge like road, river, canal, raibway etc.

3.4.4 Essential Content of Report

The repart must describe the severity and extent of the defects and deterioration as inspected. {Chapter: 5
Hlustrates typlcal deteriorations; Chapter: & explains the procedures for assessing the severity and extent
of defects found along with the method for printing Reports).

3.4.5 Accuracy and Consistency in Data Entry

While entering data in the Data Sheet of RuBIMS for preparing the report, the Officer/Staff concerned shall
be extremely careful and conscious. This is because:

< An accurate and consistent regarding record of defects found is essential for comparison with
previous sheets |Data Entered); And

< It facilitates tracking the changes of condition of Bridge concerned through comparison of
previous data sheets with the current one.

Last Paragraph i decently covered in previous Tables and Charts [Activity and Tasks: 7.8 B9)

3.5 Safety While Performing Inspection (A succinct summary)

The safety of inspectors as well as pedestrians/traffic using the bridge or passing through alternate bypass
(may trail under the bridge) are of prime Importance during performing an inspection. For a specific
inspection, inspectors should adopt certain technique(s} conforming to the type/category of inspection. He
ithey) should assess to is (their] best the risks involved and potential to the job.

3.5.1 Elementary Rules of S5afety (for Upazila Engineer/Team Leader/The Senior inspector)
Before inception of inspection, Lkpazila Engineer/Team Leader/The Senior Inspector shall;

%  Realistically evaluate the risks potential and integrated with inspecticn procedures and prevailing
site-zpecific clroumstances;

# Ensure appropriate and safe environment as per evaluation;

% Prepare a safety plan based on the evaluation and safety precaution measures (Chapter-2: Table-
2.5); In addition

The plan should include site-specific safety needs like:

=  Temporary controfling of traffic;

= MNeed based and Emergency Contacts (Relevant Officer/Staff/Local people);

=  Neesd based and Emergency phone nembers;

= The plan should be discussed in the coordination meeting; And

=  Should be distributed to all members including eguipment operators and cther relevant
PErsons.

While performing the inspection, Upazila Engineer/Team Leader/The Senior Inspector should:
% Follow the standard safety rules and “safety precaution guidelines” hard and fast;
% Prefer safe aperating procedure while using site-specific, high profile and complex eguipment.

3.5.2 Standard Safety Prowvision to be Followed by Inspection Team
The following table illustrates step by step safety provisions to be followed by the inspection team:
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il Mo  Inspection SlEp
i. Befare Accessing to Site

2 Accessing to Skite

L Using Tools and
Instruments

¢ ¢ ¢ & @ HH & ¢

&

Proviskons Lo be followed
Arrange for Implementng the realistic traffic control
MEASUTEs;
Be aware of the changing pattern of layout of traffic contral
measures with respect to the progress of Inspection;
Parklng wehickes and eguipment not cbstructng ather users,
The team must made themsalves satisfied with adequate and
safe access facllides;
Carrylng communlcating devicefsystem while inspecting
confined space and/or distant area;
Rermakning safety-consclous to be safe from probabdlity of
acchdents all the way
Wearing protective cloth, helmet, safety boots etc. )
Wearing high visibillty reflective west whike working sround
braffic-plying road lane;
Be determined and physically adjusted while using high/deep
fatders;
Uslng walst band/hanging bags to carry camera eic., 30C8ss,
measurement and recording toals while using scaffolding,
lzdders ete,
Using toods/Instrurments with extreme care to avold dangers
barne from dropping/slipping.

3.5.3 Measures for Temporary Control of Traffic

When bridge inspection needs partial and temporary closure of the roadway, measures for temporary traffic
contral is a must needed step to be implemented. For instance, erection of under-bridge platforms or
operating equipment like scaffolding etc. for dismantling. Traffic condition including speed and number of

vehicles passing the inspection spot should be taken into account.

If appears advantageous, flagmen should be considered. Trained persons should be deploved to temporarily

control moving traffic and implementing other traffic control measures in applicable cases.
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CHAPTER 4

BRIDGE CATEGORY

COMPONENTS & ELEMENTS
RELATED TERMINOLOGIES
ELEMENT NUMBERING
AND DEFECTS

For inspectors it is important to be familiar with Bridge Category, Components, elements, related
terminologies and defects. Similarly, identification of elements is an inevitable measure in order
to perfectly operate the inspection. Therefare, numbering of elements bears prime importance as
far as successful inspection program s concerned. This chapter chronologically and categorically
illustrates the sectHons and subsections 5o as to make the inspectors capable to accurately identify,
and describe the condition of a bridge after inspection. First of all, Bridge Category is explained
briefly. Then the major components and component wise classification of elements of a bridge are
introduced where terminologies are described contextually. Finally, the numbering systern of
elemants and the defects associated with them are presented.

4.1 Bridge Category
Generally, Bridges are categorized as per:

=  The material by which the structure is constructed;

=  The purpose of the Bridge; And

=  Category of structure.
The inspector needs to prepare a comprehensive report mandatorily after completon of an
inspection. Therefore, he must have appropriate knowledge regarding categories of bridge.

Typically, Bridge Categories are defined according to the basic types of materials [concrete, steel,
stone, tmber, masonry etc.) by which the structure is constructed, purposes and the type of
superstructure, They are summarized in Table 4.1 a5 per LGED's jurisdiction.



Table 4.1; Bridge Category and Shape with leading Characteristics and Sample Picture
Calegnry ldEntty Leading Charscteriitic]s)

L. RCCSiak = Slabis) supported on abutrnents/piers
Bridge witheut girders; and
The span length (s jess than 16m
(Normalhy).

2. RCCGirder  » yormally, span length is bess than
Eridge 20m;

= In special cazes may be less than 30m.

. Light = Like as ACC Girder Bridge and

Traffic
Bridge Carriageway width is le2s than 3.00m

RCCGirder | jke as RCC Girder Bridge with Beick

Bridge Abutrrient
with Brick
Abutment
5. A = Like a5 RCC Girder Bridge with
Continuau multiple spans. and
5 RCC
Erierl = Mo expansion joint in the Girders
Eridge

F:ﬂﬂﬂuﬂ“ slal, bottom slsb and vertical wall
’mif“ * Mo prestressing eable use exists

Eridge
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Rty Leading Characteristics)

i = Initial compression is given in the
[resress eoncrete before apphdng the external
e load to counteract stress fram
Concrete)  pyternal load;

E::; = This initial compression i introduced
by high-strength steel wire or alloys
fealled ‘tendans’);

= Generally, span length ks more than
20,

7. PC = Concrete sections farming & besed
[Prestress  shape (rectangular or trapezoidal)
ed  supparted by prestressed strands:
Box Girdes
Bridge

8. Concrete « Bridges with a curved /straight
Arch element; which are connected with
Erldes deck/girder

= Some curved/straight members may
be subject to tendan and others are
ecmnfreasion with littbe banding

= DEtribube the boad (weight) instesd of
just pushing it straight down;

= Hawe abutments, supparts an the
graund at bath ends, an either side of
the greh for added suppart;

= Generally, the Span length of modermn
arch bridge k& between 60-250 meter

% Canblever  » Generally made with three spans

ﬁ:ﬂmﬂ = Usually outer spans are both

‘anchored down at the shere; and
» Cantilever span out over the channel
to be crossed.
= Central span rests on the cantilevered Pt
= It can span distances of aver (460 m) b e,
L Righd = Bridige in which the superstructure
FIame and substructure are rigidly
Bridge ponnected o Bet 34 8 continuows unit;
= Typically, the structure i3 cast
ronalithically, continuous from deck
o found ation.
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=ity Leading Charsctesistiofs)
-Cable- = Ha:one or more towers for pylons),
=Shwyed from which cables support the bridge
= A distinctive feature is that cables or
stays, run directly from the tower te
the deck, normally forming a fan-like
pattern or a series of parallel lines. . = o
= Thereare four major elassesefrigging | .~ .
- on cable-stayed bridges: mono, harp, FER——
= Cable-stayed bridges are practical for
spans up to around 1 kilometer
12. Suspensi  » Carries vertical loads thraugh eurved
on Bridge  cables in tension.
= The main cables suspend the deck
{girder, roadway); .
= These loads are transferred both to i
mﬂlﬂ“m - o -|.I "
= Towers carry loads by vertical
compresion ta the ground and to the
anchorages;
= They resist the imward and sometimes
vertical pull of the cables:
= Stegl cables are both strong and
flexible,

o |
i |
el

, TE

| | I
| |
\ i
- : =) -

13. Extrados  w an exiradosed bridge is a type of m
edBridEe  pridge that combines features of bath A
3 cable-stayed bridge and a box girder
- 1
= It characterized by external cables
that act as prestressing cables,
deck, and shorter towers compared to
F Rl cal wved brid
1. Seeel = Consist of steel beams shaped to an |-
Plate section;
Glrder
= Called & plate girder beldge with 1-
Bridge section: And
= Comprised of deck slabs, on which
vehides and people pass, and of main
girders supporting the deck slabs.
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Cotegory tdentity Leading Cheracterisric)s)

2. Steel  » ronsist of steel beamns shaped to a
box box section

Srge = Called Boxgirder bridge with box
section; And
= Comprised of deck slabs, on which
vehiches and people pass, and of main
girders supporting the deck slabs.

3. Steel = Abutments at each end shaped a4 a
Arch eurved arch;
ke ST S —————
the bridge and its loads partially into 8
hesizontal throct rectrakned by the
abutments ot edther side;
= Can be made of stone, concrete, [ran, FETe iy
or steel: and T
= Typdeally regulre (822 material than &
bean beidge of the Lame Lpan.

4. Truss = Trisses are generally used for bridge
Bridge spans between 30m and 150m;
with = The construction depth (deck soffit to
road level) B limited:
= The deck of the bridge i3 composed of
prirmary snd wecondary stesd bearm
rrienbers,

Deck

5. Trusd = RCC deck slabs in deck type composite
Bridge truss bridges provides lateral suppart
with RC. e the compressian members af the
slab truss, amd

= ncreases the cross section;
= Deck are generally continuous RCC
slab.

B, Truss = Timber truss bridges are deck bridges;
i’r:“ = The individual span width Is redueed
gy by olbdiguee SUpgEns;

Deck = The supporting structure |3 situated
under 8 water-tight road swrface and
is protected against weathering:

= |deal for cuttings such as roads of
farm tracks.

= Optimwm cross-section i used for
gpan widihe up ta 35.0 M.




icbrtity Leading Charscreristic]s) Smiripie Phetuwre
7 Portable o fhedesignof the Bridge lsmoduler; &= 2 0 W

Stea|
Brid = T 1o 60 in
Alonars hudl spans up meters in

Gt 3.048 m increments;
Steel = Highways Loads up to HE25-44 have

(Origin:  extensive testing:
Baily = Have been widely used in various
Bridge] fiedds;
= BAost important features sne:
o Wariety of spans, i
o Bear considerably high carrying 853
capracity, : _
o Light and handy components,
o Eagy to dismantle and strong

adaptability,
o Can be quickly completed with
sirnple teols and manpowes,
= The surface protection can be pzint or
hot-dip galvanized.
8. Portable o Almost similar characteristics except
Steel the materlal of deck.
Bridge
with
Timber
Deck
1.. Maesonr = Bridge with abutments at esch end
¥ Arch shaped as & curved arch.
Bridge

= Warks by transferring the weight of 5
the bridge and it loads pardally into 3
horizontal theust restrained by the
abutrments at either side,

= Bridges of stone or brick are the most
Benuine type, some lasting a
thousand years.

= plasanry arches come in three main
types {i.e., coursed ashiar, random
ashiar, and rubble) and

= Can be consiructed of aither brick ar
atone.

LoSlab  u siab pormally supported on brick
Culvert  aputments without girders;
= No intermediate support and
» Total length 6.0 of less.
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tdentfty Leading Characteristic]s) Sarnple Picturs

2. Open o« siabis) normally supported on brick
Feundat sbutments/Plers without girders and

lon
| | ™ Total length abowe 6.0m

(OFC)

b en = The boxculvert s arigid frame
structure (single or multiple cell); and
= Very simple in construction;

= muhhinrnqnﬂmﬂ:tﬂrﬂm
where scrub dmhhrruisfmi‘lunl
but the sali is weak: '

= The bottom stab of the box culvert
mﬁmmnmm.wl

= Typically used for shorter spans.

= Might include toe walls, headwalls,
wing wallz, manhole openings, pipe
- openings, V-bottoms, keyed-ends,
sloped-faced ends lndwmr‘ﬁﬂ
joints {in applicable cases)

L ABUIMER  w gunnorcting structure on either side of
t & bridge;
= Purpose i to support the bridge by
carrying self-welght, vehicles and
pedesirians weight passing over It;
= Connects the brldge to the approach
roadway, ghved the bridge vartical
Supgort;
= Five parts of beldge abutment are as
falbows:

o A& seat at the top of the abutment;

o Wing walls on each side of the
abrtment,

o Back wall that suppocts the
approach slab an the backside of
the abutment,

o Stub Abutments partially resists the
horirontal earth pressane as well

o Piles, and footing which provides
foundation stahility to the
abutrment and safely supparts be L,

50



Leading Characteristic]s)

& Hﬂr = Structures located at the ends of s g
bridge spans at intermediate points -
between the abutmenits;

= Functions are two-fokd: ol
@ To transter the vertical loads to the
foundation; and " .
o To resist all horizontal forces and
transverse forces acting on the
bridge.
= Contribute to the aesthetic
" appearance of the bridge;: 3
= Can be cellular, wall type, solid,
mmﬂrhmﬂﬂdhph
= Salid plers can be masonry or
concrete single or multiple vertical
members up to & height of about 6.0
m and span about 20m,

3. Bemfin@S  » Typicably provides & resting surface
berween bridge sub-structure
{abutrnent/plers] and the bridge
super-atructure [Girderfdeck stej;

= The purpose 15 fe:

o Allew contralled movement and
thereby reduee the sirecoes
invabed;

o Carry loads both vertcal snd
horizontal directions; and

o Transfer vehicular and external
lzads from the superstructure down
to the substructure;

o Ensure sdequate mutual connectian
of different parte of 8 bridpe:

= DHvided into twio major categories:

o Expansbon bearings; and

o Filxed bearings.

= Aliow the concrete to naturally

Eﬁtmﬂn expand and contract without
ik eracking;
Expansbon Jolnt » Stainless ;uﬂpu;m'shn joints IFD!I'
bridges to effectively handle pressure
compromising structural integrity.
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rdentiy Leading Charactsristicls] Sarmple Picture

2. Rubber  » aliow the concrete to naturally
Expansic  expand and contract without
n Jalnt m*m
= Rubber expansion joints are placed at
the end of & bridge where it meests up
with the freeway;
= These connectons give the concrete
just enough space 1o mose and aveid
conerete eracks,
1 Deck -« peckis the surface of a bridge;
= Astnicnul Slemahtofic
= May be constructed of concrete,
= Primary function of a bridge deck iz
o
and distribute these |oads to the
and acrass the width, of the span of
ol :

4.2 Components and Elements of Bridge

The automation and standardization of Iinformation and procedures of inspection as well as
effective maintenance, it is inevitable to define specifically the objectives of bridge along with thair
components and patential defects that may be associated with them.

To gqualify a structure wholistically sustainable in carrying all sorts of loads [Dead & Live) each and
every component of the bridge plays individual significant role{s). Therefore, it is vital to have
appropriate knowledge regarding the behavior of bridge component and identity theraby.

4.2.1 Components of Bridge

Typically, the components of bridge are classified based on structural behavior as: a) Primary
components and b) Secondary (Non-structural) components. Primany components have a further
classification as: i) Superstructure Cormnponents, [i} Substructure Components, (i) Bearing. Table 4.2
describes the detail.
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Table 4.2: Components of Bridge

Component

5l.
Mo

Primary (Structural) Components
i. Super-structure Components Deck slab

Girder

Truss etc.

Piers

Abutment and
Foundation

Bearings

Deck surface

Expansicn joints
Drainage system
Approaches
Miscellanecus elements:
= wheel guard

= Railing

= Light post etc.

i Sub-structure Components

B )

iil. Bearimgs
Secondary {Non-Structural) Components

&

o R

4.3.2 Elements of Bridge

Components are further classified into elements i.e.; any component of a bridge may have more
than one element. Like Component {also sometimes nomenclated as Member) identification of
elements are of prime importance to the inspectors as the defects basically inibates at element
level and propagates/accelerates/extends up to the component level. Following table (Table 4.3)
illustrates component wise classification of elements:

Table 4.3: Component wise Elements of Bridge

Mame of Component Mame of Bement

1. Girder g. Main Girdars
; : b. Diaphragm
R hoar e Cross Beam/Girder
2. Deck slab a. Deck Slab
Truss 1 Vertical/Disgonal & Vertical /Diagonal
Compenent Element -
2. Upper/lower Chord 2. Upper/Lower Chord
3. Panel Point & Panel Point
4. Sway Bracing a. Sway Bracimg
o Primary Supersiructure ‘5. Leteral Bracing a. Latersl Bracing
Component Component Arch 1. Areh Rib a Arch Rils
z. soffening Member  a.  Stiffening Element
3. Suspender/Support 8. Suspendes/Support
4. Panel point a, Panel point
Rigid Frame 1. Main Girder 8, Main Girder
1. Dizgonal a, Diagonal Component
Component
Cable-stayed 2.  Tower Columns a. Tower Columns
3. Outer Cable a;  Owter Cable
4. PC Anchorage a. PCaAnchorage
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Class ID Sub-Class ID Beiddge
Mo T
;i : All
g "_““"“.‘
Bearings all
Secondary
(Mon- Superstructure
Structural) Components il
Components

54

Mame of Component

5. Horizontal
{htmn'r_LlﬂId
Tower Cedurmn

6. Diagonal
Companent of

Toanera
1. Pier

2. Abutment

3. Foundation

1. Bearings

2. Expansion loints
3. Drainage system

4. Approaches

Mame of Elemant

&, Horizontal
Cormpoment of Tower
Column

a. Diagonal Component
of Tawers

Anchor Bolts

Se=at Martar

Bed Concrete
Guard Fence
Median
Railing

Lighting Faciliies
Pavement
Curb

Signs

Wearing Course
Wheel guard
Bridge Railing
Pedestrian Railing
Light post

Lealer Materiaks
‘Grade and cross
slope
b. Inlets and Qutlet

plpes

c. Downspout pipes
d. Cleanout plugs
e. Drainage troughs
f. Support brackets/
hardware

By mERTSSRAPAMT AN

a. Approach
roadways

b. General alignment



Claszs 1D

Hame of Componant

c. Traffic safety
features

d. Approach
alignment

4.4 Numbering System of Bridge Elements

While preparing for an inspection it is inevitably significant for an inspector to formulate an easy
and realistic system to identify the components and elements of bridge. The inspector may follow
alternate options base on the available of sources of information. If reference drawings or eariler
inspection reports are available, the inspector should foliow the same [dentification system that
has been used in these sources. If it is not the case e, no previous drawing or report{s) is
available, then it is a must for the inspector to formulate an easily followable identification system.

Using the chainage of route directon will certainly be helpful for identifying the starting and
ending of a bridge.

4.4.1 Numbering System for Components and Element

To make the reporting system standard and the inspection report easily interpretable, a system of
identifying the bridpe components and elements is developed. Nevertheless, this is just exemplary
version just to provide a clear and stralght forward conception of element numbering system. The
inspector concermed may follow his own pursuit. The following Tabile illustrates the numbering
systemn alang with photographic representation:

Table 4.4: lHlustration of Numbering System of Components and Elements

Procadurs 1D Muirnidser Shetchf Photographic Sample
Start from 1" Span: 5801
. thm .—-—--""'_._‘l D N.“‘-.—"h.
3" Span:sP-03 e w3
T T R TE PP '. - a 2 o = - - :!'
- = : T i._ e
Last Span: 5P- LS or # A R
M (N=last number as \ et ST
Fﬂ'm‘ﬂ'ﬂj Aot ‘“W..\_H_‘ L ey
Start from elther 1% Girder: Mg-01
end {left/right) .
o Ent itk 2™ Girder: Mg-02
Morth/South as 3™ Girder: Mg-03
Girders  routeflecation)

Last Span: Mg: LS of
B {N=last numiber a5
per progression)
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Srart frarm 1* Girder /Beam:

beginning (SP- CG/CE-01

01} 8 per route 2™ Girder/Beant:
3. Cross direction

=]

e

Girders 3" Girder/Beam
f Eﬁf{'ﬂ-ﬂi L dirlies | getvied |
BEams 0000 i HOPAEROT, .| e I
Last Span; CG/CB: LS
or N (N=last number
as per progression)
= Start from 1" Span: Br-O1{TH)
beginning {5P- : Br-
01) as par route  02[TL)
direction 2™ Sphan: Br-03{TR)
® Comsider : Br-
"“’;"“ Longitudinal(Ll/  D&(TL)
Transwerse [T] 3 e A e
AND Right [R)f  Last Span: Br [TL): LS
Eesf [IL) of M [N=last number
a3 per progression)
e — :L:Du:k_ D5-01
2 Dk DE-02
bﬂlhl"r" Apan ari m_,‘ mm
(SP-01] as per
Slab M [N=last nismber a3
per progression)

1™ Pawenment: Pav-
srart frorm o

beginning span g )

s it :1 Paverment: Pav

route directian 4 N
HES
Last Pavement: Pav-
L5 ar N (N=last
marmber &5 per
progressian)

2 Pavem
L-T4] 4
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1™ Expansion lalnt

Start from

E-D1;
beginning : :
between span :u‘:‘.;panﬂm il
3. Expansi ['ﬂ:"-ﬂl & Hz: SdEﬂpll'llm Jaink;
on :’FTIM EH-D3;
Jolmts : I P
Last Span: D5: LS or
M {M=last number as
per progression)
v Spart from 1* Railing: Rig-01{R};
beginning (5P~ 2 Railing: Rig-
01} az per route  OZ{R);
direction 3 Ralling: Rig-03({L):
= Consider Right 4 Railing: Rlg-04{L);
(RjORLef L} o, 2
4. Railings Last Railimg: Rg:
LIL/R) ar N {L/R)
(M=Fast murmibes as
per progrestion)
= Start from Right Wheal Guard:
beginning span Wig-0L{R);
{sP-01) as per

route direction Left Wheel Guard:
S.Wheel . consider Right  Wg-02{L)
Guard (g) OR Lek (L]

S ﬂum:ﬁppm&:h:
beginning span App :
(SP-01) & per
h:
GAPPIOEC  roure direction LIS APAroac
h Raad Appr-0g;
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Abutrment

1. Pier

2. Pier

1,

{Colum

wiadl

2. Wing

wall

= Start from
beginning span
(5P-01) 85 per
route difection

= Consider Right
(R) OR Left (L]

= Srart frarm
beginning span
(5P-01) 83 per
route direction

= Consider Right
(R} OR Left (L)

Start from
beginning span

(5P-01) as per
route direction

= Start froem
beginning span
{5P-01] a3 per
route direction

= Consider Right
(R} OR Left (L)

1* Pler Cap: Pr-Cp-
OL(R] for (5P01};
4 Pler Cap: Pr-Cp-
OZ(L) for (SPO1);
3 pler Cap: Pr-Cp-
O3(R) for (SPOZ);
4™ pPler Cap; Pr-Cp-
D4(L) for {SPO2};

Last Pir Cap: Pr-Cp-
LIL/R} or N {L/R)
[M=last numbser as

per prograssion)

1* Pier: Pr-O4R) for
|&P-01);

2 plar: Pr-02{L) for
(sP-01);

3 pier: Pr-03{R) for
{5P-02);

4" plar: Pr-04iL) for
{SP-02];

Last Pir Cap: Pr-Cp-
LIL/R} oF N {L/R)
[M=tast numiber as
pEr progression)

1* Abutment Back
wall: ABW-01 for
{5PO1);

2 abhutment Back
wWall: ARV -02 for
{SP-N};

[M=tast numbes as

per progression)

I Wing Wall: Win-
DOL(R) far (SP-01);
224 W ing Wall: Wi~
OZ{L) for (SP-01):

3 Wing Wall: Ww-
O3[R for [5P-M);

A% wing Wall: Ww-
DALY B (5PN
(M=last number a3
per progression)

PrCp-t R}

B R e

.
1
Laft,

Fr-Cp-o2 L)

i
1.1-.:-'.I-'-“"'11

Fr-Cpa3[R)

n..

=

Pra1{R)

PraZ{L)

Rlathi

Pr-Cp-iiL)

!"-":kl:p

Pr-lE3{H]

Pr-IL]




4.5 Defects Associated with Components and Elements

Inspection method must be selected carefully in line with features of the bridges, components and
elements targeted for inspection, situation and environment in which the target bridge stands so
that any possible defects of bridge components and alements can be identified.

4.5.1 Defects of Structural Elements

Tabla 4.5-1 to Table 4.5-2 show potential defects of structural (superstructure, substructura
elements, which are listed against the types, components and elements to enable an inspector in
identifying them while performing an inspection program.

Table 4.5-1: Poszible Defects associated with the Super-structures [Components & Elements)
Super-Structurs
Componentf Elament I Category of Defect Basad of Construction aterial

Member Copcrete Steed Others
MainGirder Mg 6] Crack T Coeresion
arch Ar  7)Scaling / Spalling / Exposed 2} Crack in steel
Hanger  of Wa  rehar 3} Logse
Arch B) Water leakage/ connection/Missing bolts
Floor Beam b Efflovescence 4) Fraciure
g 9 Fallen aut of deck slab 5} Deterioration of
m“'mp,"“ 10} Crack of deck slab protective function
Cross Beam cr ﬂlﬂdlﬂ'ﬂm mmm
Stringes 16] Other Types of Defects (3. 17} Defects of reinforced
Rigid Frame RE jjiagal Gecupation, b. Plant matesials for
Giecler Grawth, c. Fire Damage, . rehabilitation//strengthend
DeckSlabTop DS pigsing of Sealing material, &, ng
Deck  Slab Dss  gird's Waste etc.) 18} Abnormal Anchorage
safit - 17) Defects of reinforced 20} Water Leakage/Puddie
strengthening Noise/Vibration
18) Abnarmal anchorage 23} Abnormal deflection
19) Discoloration 23) Deformation/Break
/Deterioration
20) Wates leakage/Puddle
21) Abnormal nodse /Mibration
22) Abnormal deflection
23) Deformation/Break
Vertical/ ot
Diagonal
Component
Upper/Lower L
Lhard N
Sway Bracing  5b
Upper Lateral Lu
Bracing
Lower Lateral LI
Py
Vertical Pest Vp
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Super-Structure
Campanent)
Member

Element

&) Crack

Categary of Defect Based of Constructhon Material

Concrese

Tiiﬂwhﬁﬁpﬂd
rebar

Bj Water leakage /
ﬂﬂurm

12) Delamination
18) Abnermal anchorage
19) Diseoloration /
Deterioration

20 Wwater

21) Abnormal noise fVibration

22) Abnorrmal deflection

23) Deformiotion/Break

Skeal

5) Deterioration of
protective function
23) Deformatbon/Break

Table 4.5-2: Possible Defects associated with the Sub-structures [Components & Elements)

Sub-srrueture

Companart,
Member

El&mient

Back Wall
Wing Wall
Retaining Wall
Top Slab of Box
Culbvart

Base/B. Slab of
Pler Colurmn
Pier Cap

Pler Bent

Pler Bracing
Tap slab of Box
Culbveart
Intermediate
Watls

Footing

zs2

=

2 42333 ¢

Fg

Concrele
6] Crack _
7] Scaling/Spaliing / Exposed
rebr .
8) Water leakage /
Effiorescence
11} Delamination
16) Other Types of Defects
{a. IHegal Decupation, b.
Plant Growth, ¢. Fire
Damage, d. Missing of
Sealing matesial, e. Bird’s
Waste etc.)
17) Defects of reinforced
materials for rehabititation/
mngﬂwﬂhs
H{I-.hhm'nulﬁ-ndmr
19) Discoloration/
Detericration .
20) Water Leakage/Puddie
Noise/Vibration
H}Ahw Deflection
) o gl

&} Crack

Category of Defect Based of Corgtruction Material

S1e=| Cithers

1) Corrasion
2} Crack in steel
3} Loose connection/Missing

Mwwﬂrmnn
20) Water Leakage/Puddie
21) Abnarmal
Hmaﬂh:ﬂnn

22) Abnormal Deflection
23) Dﬂnrmuﬂmﬂrm

1) Carrason



SiRB-ETrCTLE B

Coarmponent)
Mermbar

Piles

Pile cum Pler

Exposed Pile

Frojectad Pile
Pile Cap

Foundation

Catagory al Delect Based of Canstruction Materisl

Concrete Stesl Crthirs
7) Scaling/Spalling/Exposed 2} Crack in steel
rebar 5] Deterloration af
F 25} Sertbament, protective function

[ TileMAovenment
ExP 26} Seauring

Fi@
PC

4.5.2 Defects of Bearing and its Components

Beprings [B)

kiain
Bady

Other
EbsmEnts

*Mate: Al possible defects of Bearings are llated here for understanding of the inspectors; however, for the Inspection
and evaluation programing in RuBIkGS purpose only defect ng, 15) Functional Disorder of bearings will be used.

Concrete Material

Bearing Bh N/A

Bm 6] Crack

7) scaling
fﬁpﬂhﬂﬁnm

HJEEJMHMM
20) Water leakage/
Puddle

23) Deformation

Bl ovement
26) Scouring

Table 4.5-3: Possible Defects associated with Bearings

I Category of Defect Based of Construction Materfal

steel Material

1} Corresion

2) Crack in steel

3) Loose connectionMissing bodts
4) Fracture:

5) Deterioration of protective
function

12) Abnormial spacing

15} Functional Dlﬂnrdm' of Mﬁﬁn

H/A

Bl

25) Settlement / Tit /



4.5.3 Defects of Non-Structural Elemeants
Table 4.5.4: Possible Defects for Non-Structural Elements

CompanentfEe
Pl
D=ck

Element
Muedian

Rall Past
Rail Bar

Expanaion
Jaints

plaves
Mut-beults

Pavemant
Backside
Approsches

#Eﬂs

Man-Struchursl Elements of Deck Surface

D Category of Defect Based of Construction Material

Concrete Material
B) Crack

7) Scaling / Spalling /
Exposed rebar

B) Water Seepage/
Efftarescence
.lll‘ﬂnehmhﬂbn
17) Defects of
rainforced mmm
for

Wi

g

Ej &) Crack

11) Delamination
k21 Abnormal noise
JuTbration
Nb 23) Deformation/Break

"

Py J.-‘l]mfl'umulnlgwﬂ
Ba of rosd surface

Stes] Material Others

1) Corroston LT

2] Crack in steel

3) Loose connection/Missing

bolis

) Fracture

-5} Dﬂéﬂnﬂﬂdn of

wmﬁ-eﬁmmm

17) Defects of ru;n‘qmd

materials

muuumwmm

23] Deformation/Break

HA WA

1} Carrasian 4) Fracture

4} Fracture 19)

5) Deterloration of Dizscdoration /

protective function Deterioration

193] Discoloration, 20) Water

Dreteriorathon lezkage

20) Water feakmge /Puddle SPuddie

23) Deformation/Break 23)

24) Accurnulation of debris Deformation
fBreak
24)
Accurnulation
of debiris

1) Corrosban 12} Abnoemal

2} Crack Spacing

3] Looss connectionMisding 13} Difference

bealits in Lewval

4] Fracture of road surface 149}

5) Deteriaration of Dizesdoration

protective function Deterloration

12} Abnormal spacing 20} Water

13} Difference in lewvel of leakage/Puddie

road surface 21} Abnerrnal

20) Water feakape Pudd|e nokse)

21} Abmormal nodse Wibratian

fvibration 23)

23} Deformation/Break Defarmation;Br

24} Accurnulation of debris eak
24)
Ageurnulation
of debria

N/A 13) Difference
in bevel



Salety Facliities

RAetaining Wall
Retaining  Wabl |

adjacedit w B
Abutrment

Fa Mimml

’Il}mmﬂtﬁnnhj'

N/A

63

1} Corroston

2) Crack in steel

3) Loose connection/
Missing bokts

4) Fracture

5) Deterloration of
protective function

19) Discol oration/
Deteriaration

23) Deformation/Break

e

14) Bituminous

'mm-

24)
Accumalatien
of debris

3} Loose
connection f
Missing bolts



CHAPTER -5

Tips to Facilitate the Inspection
and Finding/Detecting Defects

5.1 Crucial Points to be Remembered in Detecting Probable Defects During
Inspection

it is a systematic guide for the inspectors for the expected inspection of all the components and
elements of a bridge. it is of unavoidable importance for the inspector to be mast careful and
observant during inspection. He should not ignore any member or element of a bridge. The
members and elements those are critical and bear structural integrity should be given and Those
portions that are most critical to the structural integrity of the bridge should be given distinct care
while operating an Inspection. In this case the inspector should follow a generic sequence of
inspection in finding the defects. The following table (Table 5.1) presents the segquence and
members/components coverage In inspection of a bridge with typical length and complexity:

Table 5.1: General/Side View: Purpose and Photographic Tips

- General/Side View Complete structure of the bridge

Bridge/Road/Approach  Railing; Curbs, Wheel guard, Signs, Lighting facilities, Pavement,
Road Surface Expansion joint, Drainage System and Approaches behind
abutment.

Superstructure
Deck Slab
Substructure (Abutment, Piers)

Bearings
Litilities

Undermeath the
Slab/Girder of Bridge

General/Side View: The following table (Tabla 5.2) illustrates the General /Side View sequence
along with purpose and photographic tips:

Table 5.2: General/Side View: Purpose and Photographic Tips
Purpose

To detect miEalignment or settlament (If anmy].
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The following table (Table 5.3) illustrates the Bridge/Road/Approach Road Surface sequence
along with purpose and photographic Gps:

Table 5.3: Bridge/Road/Approach Road Surface: Inspection Points and Photographic Tips

Members/Elements Purposefinspection Points

Showld mate:

= Geners| approach:

= faasdway alignment;

= Sight along the railing And

= adge of the deck oF girder.
Te detect misalignment or
seftlement (If any).

* Subsidence and
= Cracks of pavement surface of

bridge deck.

Favement Surface

Raifing, Curband  Efseiivibipbarsbaiviet

= Missing bolts and clamps;

" Damages of spacer blocks;

= Corroskon borme defact;

= Collision borne defects;

= Deterioration borne/other forms
of weaknesses;

= Defects of connecting points
betwaen deck and rail posts;

= Hazardous projection to
pedestrians;

= Any other typeas of hazards on
railing bars

= Mud/dust or objects obstructing
free movement and appropriste
e it s

= Abnormal spacing;

= Difference in level;

= Locie or missing bolts and

= Missing components,

Expansion koints [All)




Members/Elemants Purposefinspection Points

= CarrogionBreaking:

= Cracks on anchors/cononete;

= Laosening of balts;

= Separation/Cracks in the vicinity of
pavement;

= Difference in Level [Undulaton);

= Unusual noke during traffic
MoVErment;

= |rregular Spacing;

= Sespage of Water,

= Difference in level:

= Failure of sealing material;

= Settiement;

= Subsidence/Cracks in the vicinity

=
-
=]
g2
z
g

= Failure of sealing marerials;

= Separation/Cracks of pavement
material;

= Seppage of Water,

= Difference in Level (Undulation);
= Missing of Bolts;
= Loosening of bolts;
= Breaking of anchors;
= Settlement;
!émmmmh the vh:l‘ﬂl:\f lﬂ"
pavement;
= Unusual noise during traffic
= Depositon of wreckages on deck
stab, in gutters ete;
= Damages in drains;
= Obstruction in free drainage
Bridge= Drainage AyELEm:
System = Ponding of water ete.;
= Damage of drain pipe)
= Ddsintegration with deck.




Members/Elements Purposefinspection Points

= Settlement of approach pavement;
= Difference in level of deck

surface/pavernent with mmuﬂl

WMm
Approaches behind 1:|I‘
abutment 'l e
e ; thouwlder Fatlurs!

B Eﬂﬂ;ﬁhh_ﬂiqpﬂ m#ﬂmutdu'!_: | spdsilde
= Functionality of the drainage —

system of approach embankment.

The following table {Table 5.4) illustrates the underneath the Bridge for Superstructure, Deck 5lab,
Substructure [Abutment, Piers), Bearings, Utilities sequence along with purpose and photographic
Hps:

Table 5.4: Superstructure, Deck Slab, Substructure (Abutment, Piers), Bearings: Inspaction Points
and photographic tips

Members/ Elements/ Purposs/Iinspection

Location Paoints POt e T

End (1%/Last) Support = Vertical and/or

4 ik I+ End Bupport A QuartyHgan o
Mid Support = Cracks and bending. . f =
(Continuous girders) Sy I-. T a—
T Mid-span = Cracks and bending. i1 ET ! [ E
E Quarter Span = Yertical Cracks/ hid ?'f W
= Damages.
E‘ m“ﬂ&mmm = Water Seepage; (11158 o1 fee |'
g H“t ﬂfa“'!i'l l:l'll:h]"ﬁ-ﬂltll'!.l-ﬂf 2b Mid-Suppori lll [
5 = . tl-nlmhllim =
Y u Construction Joint = Water Seepage; ~ Ehiplapped Joint
= e = Cracks;
; g = Spalling of Conerete: e /f
_ = Delamination, Fall .= 2
Anchorage = Cracks; Li:.r__r__ At
:' L A} Cymss saectional
Sharply changed Cracks. AR arply chnned paooe
Cross-sections ] =
- Pl'"m .‘uw - mm“ fraca Tugs panases tiam |'|=_'I.l =
: stressing tendon. i

AT L
3 7 et e wl Crrg: Bapare
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= Anchorage (Post-cast
Conerets]

" Pre-sfrecsdng Steels

= Copstruction |olnis
(Cast-in-situ
concrate]

= Camber of the box
girders

= General slignment
{abang the membears)

= Upper flange (Along)

= Rivet heads, bofts
{Araund)

= Bracing connectons

* Gusset diaphragm

= Pin connechions

= Cantlever hanger

= Possible Water
Seeping Contact

Steel Bridges {Main Girder)

points of two face-to-

face plates

= Fitted end of
atiffeners

= Under Passage of
heavy loads

= Top side of the
bottem flange

= Efflorescence: and

Water Seepage
= Corrosion stain

= Lozs of positive camber

[Indication of loss of
Prestress)

= hAbsalgnment

= Dishartdon

= Missing bolts;
= Corroslon;

= Weakening of
protective function.

= Abnormed deflecton

= Cleanliness:
= Deposition of debric

B8

_|"l:h\'.l:l.ﬂ_! vl Protsttfoe Fusctian

- 3




Steel Trusses and Portable Steel Bridge

= Fusting H:amh:rs

= Cracking prone
wiedding

= Torgion monment

transmitting

Cannections

= Inward cormers

= Coped sections

= |ntersection of
horizontalfvertical
fille jednis.

= Buckled connections

= Sriffeners

= Truss members

= Truss members
Alignmest (End
pestsfinterion

roembers)

= Onver-stressed
members

= | aaes commacions

C——
=

B e R i o ;
i b .

e i ) Bl P e

- w!ldm s L, s rmtvwmmn s Geircar

= Cracks (in adjacent o —
mttal:.] L R = 0 1

N

e a r eml Bl e
el g P Lo e = T e T el A o]
AT L% e i B § e -

CE s e et el Pl emirs SRl olesr

= Weakening of
protective function
= Carrosion
= Moisture
o O the lewer chord
Frisfmbers
o The membser
adjacent ta the crb
o Connections of
mdjacent faces of
plates
= Darnage (Possibly borne
from passing vehicles)
= Baickling
= Tarn
= Biisalignment

= Local buckling
= Waves jn:

o Flanges
o Wels

o Cowver Plates

'3*@_ T8

barger UEed

= Displaced paint e s -
eoatings areund the sinrge el s gakor
jaints

= Cracks in the paint

= Layers of gusset plates
and other baolt fived

connecions




Deck Slab

Members/ Elements/

Location

= Under-side of Deck

Slab

Abutment

Purpose/inspection
Paints

= Cracks

= CoFroshan stain

= Efflorescendse

= Water Seapape Trom
upper deck

= Difference in lewel

= Signs of possible
oeent.

= Unissusd finadeguate ar
clearances betwesn

eonnecting point of
parapet wall and girder

Through jeints:

= Water seepage;
= Cracks:
= Efflorescence.

Photographic Tlps

ERlorescence

Do positlem sl Wates

Par k -:E!n]'l'- i I8




Location Points

E Members/ Elements/ Purposa/inspection
&

Behind the abutrnent:
» Depocitfon of water.

Mear the edges of bearing

seaty

" M

= Spalling

» Depocition of debeis
~and :

» Depasition of water
Vertical wall of Abutrnent

wall:

» Wertcal Cracks;

For Foundations:
= Differential Settlement
Around abutments o
(instability of river Filtigy AV Gent
chanmel): b
= Tifting or movement -

due to the .
= Damage of revetments

Between connecting wing

wwalla:

® Dpen cracks:
Conmeciing Wing
Wally Open Crack

Setthement;

Tilting;

Eros o

Scoaring;
Urder il nbng of the
foundation {as effect
af seou)

* Breaking into pleces

e parng [l e
Piers and Foundations o 1 okl

ToneE;
o Al the water
Hiree;

o At the growund
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Members/ Elemenis/ Purpose/Inspection
Location Paints

Photographic Tips
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CHAPTER 6
SUMMARY OF DEFECTS
AND RATING OF DEFECTS

This chapter will summarize the defects of bridges discussed up to previous chapter. As the
ultimate target of this manual s to devise the tools to evaluate the intensity of defects and
thereby define and utilize it finalize the rating of defects using RuBIMS. Uitimately these ratings
will be determining the type of interventions L.e. No interventions/Minor Maintenance/Major
Maintenance/Rehabilitation/Capacity Enhancement/Replacement/Mew Construction of a
bridge.

6.1 Types of Defects

The types of defects (Based on materials/genre) discussed in this manual are summarized in the
following table [Table B.1):

Table 6.1: Summary of the Types of Defects

1} Corrosion

2} Crack in Steel

3) Loose or Missing Balts

4} Fracture

5) Deterloration of Paint

&) Crack

7} Scaling/Spalling / Exposed Rebar

a) Water Leakage / Efflorescence

o) Fallen out of Deck Slab

10) Cracking of Deck Slab

11) Dalamination

i2) Abnormal Spacing

13} Difference in Leyvel

14} Abnormal Bituminous Pavement

15) Functional Disorder of Bearing

18] Other Types of Defects (a. legal Doccupation, b. Plamt Growth, c. Fire
Damage, d. Missing of Sealing material, . Bird’s Waste stc.)

17) Defects of Reinfarcing Material for Rehabilitation /Strengthening

18) Abnormal Anchorage

19) Discoloration / Deterioration of Materials

205 Water Leakage / Puddie

21) Abnormal Moise [ Vibration

22} Abnormal Deflection

23 Deformation / Break

24]) Accumulation of Debris

25} Settlement [/ Tilt / Moverment

26) Scouring
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6.2 Types of Defects and Rating as used in RuBIMS

General condition ratings in RuBIMS are assessed for the Deck, Super-structure, Sub-structure,
and Culvert. All these items are assessed in RuBIMS based on a range of 1 {Low/MNone) to 5
[Maximum/Failed) rating system. The reported ratings after analyses in RuBIMS will represent the
overali condition of the component/element. Defects have varying impact on ratings depending
on the genre/material of the component (For example: Defect of Fracture can't be assessed with
"1-8" range; it belongs 2 stages: No Presence of fracture: Rating-1 and Presence of Fracture:
Rating-9). Table 6.2 can be used an aid in understanding the RuBIMS condition ratings.

Table 5.2: Generalized RuBIMS Condition Ratings

Mot Appear Mo significant defect
Satisfactory Clight (not more than 5% of surface orea of concerned
Member,-"'ﬂ'emeni;i
N Fair Not Wide (6%-20% of surface area of concerned Member/Element]
Moderate Moderately Wide (21%-35% of swfoce oreod of concerned
Member/Element)
Poor Wide (36%-50% of surface orea of concerned Member/Element)
E scvere Levere (51%-50% of surfoce oreg of concerned Member/Element]
Critical Extensive (61%-70% of surface area of concerned Member/Element)
Immediate Failure Almost Failed (More than 70% of surfoce oreo of concermed
Member/Element)

Mon-Functional The element iz non-functional /failed

6.3 Defect wise Rating Code

Defect wise rating code as defined in this manual are summarized in Table 6.3 as follows:

Table 6.3: Summary of Defects wise Rating Code

1]  Corrosion 1 2 3 45 & 7 B 9 Standard of rating should be
based on Depth & Extent
2)  Crackin Steel 1+ 3 -+« = = = '8
3] Loose or Missing Bolts R R e B
4]  Fracture i 0| ST 0 S S B |
Deterioration of Paint: General Paint System, Metal
" 5.1 Generol Polnt System 1 - 3 - - 6 - - 9 Epmﬂn:.wﬂﬂnrunﬁml
5.2 Plating, Metai Spraying 2 - 3 - - - - - %
5.3 Weathering Stesl v I B (R e e o
6]  Crack : 1.2 3 4 5 6 7 B 9 Should be rated as per Crack
wm&cndasm:im
71 Scaling/Spalling/€xposed 1 - 3 - - 6 - B -
Retar
8  Water Seepage/ 1 - 3 - 5 - - B -
Efftorescence
9]  Fallen out of Deck Slab L% v i% ‘= = = B=
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10} Cracking of Deck Slab 1 2 3 - 5 - - B - Should be rated as per Crack
' 1 ' Width & Crack Spacing '
11} Delamination T T T
12} Abnermad  Speelng o1 0- - - - - B -
- Expansion Joint
13) Difference in Level 1 - 3 - - - = B - |Level Diference SX0mm or
not
14)  Abnormnal Bltuminous- 1 - 3 - - - - B -
e _
15) Functicnal Disorder of 1 - - - - - - B -
Bearing

16) Other Types of Defects 1 - - - - - - B - Mising of Sealing material,
liegal ﬂt!:tmli_m Other

Defects  of  Reinforcng Step Fl.n'h:, Fiber, Concrete,
Material for Rehabilitation Paint System, Steel plate for
fstrengthening strengthening
17.1: Sreel Plate

17) I172: Fiber
17.3: Concrete
17.4: Paint System
17.5: Steel plote  for
strengthening

1B} Abnormal Anchorage Tz im0 im i pw|Ex

Discoloration /
Deterioration of Materials
19) I15.1: Concrete
19.2: Rubber
. 19.3: Plostics _
‘200 Water Leakage / Puddie
21) Abnormal  Noise
Vibration
22)  Abnormal Deflection I - = = = = =
23) Deformation/Break af
. SMJtthELgrnanu
‘24)  Accumulation of Debris
25) Sertlement fTih !
Movernent
26)  Scouring T idi= == i

P e R g
L ]
W W W
i
il
il
i
GO
il

Anchorage of PC
Tendon

Plastics, Concrete, Rubber,

b el el el e
i

==

=
i

]
i
i
i
[

i el
[
i
i
i
i
[
= om
i

=

6.4 Detall Process of Defect Rating of Structural Elements

After inspection the defects should be judged and rating should be recorded as per following
procedures,
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6.4.1 Detall Process of Defect Rating for Steel Elements/Members

The location, situation of “Corrosion”, “Crack In Steel”, “Loose or Missing Bolts”, “Fracture and
"Deterioration of Paint” shall be recorded with field sketch, photographs and notes ete, Following
table (Table 6.4) presents the defect wise process of rating after inspection for STEEL elements
with photographic illustrations:

Table 6.4: Process of Defect Rating for Steel Elements

Dretail/Extent of Criteria

Depth  Corrode.  Depth of Corroded
Corrosion Area

ez Significant
1 Corrosl Corrosl  plate  thicknecc
0] an expansion;

3 Wery ary reduction B
Sl Small Foumsd;

3 Small Smmall Hu.-iﬂlm

o Mediu  Mediu Wickness:

m m expansion/
reduction 3
5 Large mbﬂh Wond:
Small: Corroslon
L - is superficial and

Very very -

B L l[!l'l.ml:'_lﬂt

& Fﬂitd Faibed wwu:
e b o

1 Excellent condition; Mo crack in steel

Crack of coating film at sharply changed section and
welded connection is found;

3  Crackis minor and not linear or short length; and
Smaldl erack s found;

Suspected crack [Possibly cooting film)/Linear erack
k= found,
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Paint Syiiem

Plating, Metal Spraying

Excellent condition; Mo loose or missing bolts

o ]

Loose or Missing Bolts (Mumber of bolts < 5 %)

Loose or Missing Bolts (Number of bolts 2 5 %)

Mo Presence Fracture

Presence of Fracture

Excellent condithon: Mo deterioration. : Mimbing 3
Outer coating of paint iz discolored, or partial [ :
shedding is found.

Leyers of protective paint are detached and
undercoat is exposed.

Leyers of protective paint are widely deteriorated
o st corrosion 4 spread.

Excelient condition: Mo deterioration,

Layer of Protective paint is partially deterborated amd
epot corrosion s found.

Layers of Protective paint are widely deteriorabed
ansd speot corrosion 4 spresd.
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Steel

Excellent condition; No deterioration of surface

protecting layer '
1 (Corrosion consists of uniformly distributed ond
blackish brewn-colored fine porticles which duving
Jermation generolly remains yeliow. red, or brown)
Layer of Swifsce protecting paint has started to

- cofride

3 Coarse particle of corroded metal expands to 2
width of 1-5 mm

- Flaking rust of protecting layer of paint expands up
to & whdth of 5-25 mm

g  The protecting layers have severely corroded and

are delaminated to multiple layers.

6.4.2 Detail Process of Defect Rating for Concrete Elements/Members

6.4.2.1 Crack

What is a Crack: A crack is a linear fracture in concrete surface that extends partially or completely
through the member.

How the Defect should be considered for rating:

Defect like Spalling or Exposed Rebar should be considered for rating separately;

The crack at concrete deck slab should be considered for rating as “Crack at Deck 5lab” (not
as “Crack”);

At PC anchorage, crack should be considered for rating for the affected area only;

At girders the crack should be considered for rating for the area except PC anchorage area.

6.4.2.2 Scaling/Spalling/Exposing Rebar

What is Spalling/Exposed Rebar: Spalling is a fragment detached from a bigger concrate mass.
Exposed Rebar is that the reinforcement steel is exposed in the spalled part of concrate.

How the Defect should be considered for rating:

When “Deformation/Break" presents with “Scaling/Spalling /Exposed Rebar”, defects are
considerad for rating separately.

“Secaling/Spalling /Exposed Rebar” in concrete includes corrosion of exposed rebar and
fracture. These defects should not be considered for rating as “Corrosion” or “Fracture” in
case of concrete.

“Scaling/Spalling /Exposed Rebar” at concrete deck slab should be considered for rating as
"Spalling fExposed Rebar”. However, it may also be considered for rating as “Crack of Deck
Slab".
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6.4.2.3 Watker Seepage/Efflorescence

What is Seepage/Efflorescence: Water Seepage/Efflorescence is the phenomenon of water
leakage or efflorescence from the concrete joint or crack.

How the Defect should be considered for rating:

= The deposition of water resulted from seepage due to insufficient drainage system should
be considered for rating as “"Other Types of Defects”. Water flowing on the concrete
surface sourced from outside is considerad for rating as “Water leakage/Puddle”.

=  “Water Seapage/ Effiorescence™ at concrete deck slab should be considered for rating as
"Water leakage/ Efflorescence” in addition to “Crack of Deck 5lab”.

6.4.2.4 Crack of Deck Slah

What is Crack of Deck Stab: Crack of Deck Slab is the longitudinal/transversa or both directional
cracks in concrete deck slab of steel bridges, This also Includes cracks in concrete deck slab of T-
girder bridge, in [upper surface] inside box girder bridge, in overhanging slab of hollow slab bridge
and box girder bridge.

How the Defect should be considered for rating:

= Irrespective of the state of the “crack of deck slab”, if “Spalling/Exposed Rebar” is found
these should be considered for rating separately,

= Water seepage, efflorescence and rust stain from crack of deck slab are also included
in this defect, and like “Spalling/Exposed Rebar”, they should be considered for rating
as “Water Seapage/ Efflorescenca”,

= Fallen out of concrete mass due to substantial crack in deck slab should be considerad
for rating as “Fallen out of deck slab”™.

65.4.2.5 Delamination

What is Delamination: Delamination the significant separation of a concrete mass but not
completely detached from concrete below or above it.

How to Identify: Visibly, it may appear as a solid surface and may not be identified by visual
inspection. In such cases it may be identified from hollow sound through beating.

How the Defect should be considered for rating:

= |f through beating or by inspection it Is identified that there |s spalling of delaminated
portion then this should be considered for rating as “Spalling/Exposed rebar”.

=  Similarly, the delamination in deck =zlab should be considered for rating as
"Delamination”.



The location, situation of "Crack”, "Spalling fExposed Rebar®, "Water Leakage/ Efflorescence™, .
“Fallen out of Deck Slab”, “Cracking of Deck 5lab" and “Delamination” shall be considered far
rating with field sketch, photographs and notes st

How to Rate the Defect:
The inspected results for Crack should be rated based on the combination with the extent of
"small”™ or “large” for crack width and that of “mild” and “severe” for crack spacing, related to the
extent of the defect. There are various patterns in crack. Following table [Table 6.5) presents the
defect wise process of rating Including Crack patterns In Super-structure (RCC structure, PC
structure] and Sub-structure after inspection for COMNCRETE elements with photographic

illustrations:

Tahble 6.5: Process of Defect rating (including Defect Pattern) for Concrete Elements
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- Small Srnali of more: o mare  Wild: mare !' ] | Lk
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02mm  0.1mm T LA
Very Severe | f__'
st s :-.;L'.I"!F'-'?'.
very | S
Large £ _-'«.'rl-‘%:
§ Fillieg] ke
I = : L I'I 2
=' I -:.':,'--ﬂ
Failed %{Eh“;&q
i prd # _'\- i
il (| 234
i i Ll-:F-
S Lo pamtern of crack Sample Photograph
1) Transverse crack at pr—— '
bettom surface or side _
of the main girdes e 4
2] Longitudinal crack at —
1 Span bottom surface of the
Center rain girder i
s e



Quarter 3} Vertical or diagonal
Siun crack a1 lower surface or H —'a
web surface =1
4) Disgonal crack at web o
surfacenearthe support . - - e
paint ==

» the girder an the bearing
SUPPOt g piagonal crack at web surface of the girder an
p._:;!m : et

7} Crack st Gerber Type hinge /_J,_,Tf

8] Vertical erack on the mid-suppert of continuaus. 4 ) [ 14/
girder I

9] Map erack, web of crack

S5} Vertical erack at lower surface or web surfaceof ‘
|

10} Regularly shaped vertical crack at girder web f’"“ "
11} Horizontal crack near the connection between L

:d-_-::‘:-.- -
12) Crack spread throughout the girder diagonally . s
farmad in 45* direction B

13) Longitudinal Crack at rs:;.ﬂ_ oy
Qpimrter flange or the surface of H«;Q* = 3—
spaner -
Support e Ml et s

Peint 14} Crack at upper flange u;:_-u.::'?“'uh L“‘x:;é"i-q_
-

e 15) Horizontal Crack at | = -
:;‘.f‘ ghrder web in whole .- —
: l.'ﬂl"' I- . '\-\.'_-\.-'.'-:-

Girde 19} Crack ot Cross girdes

1} Crack along with PC
- tendon at lower flange
(non-miform |

%‘P‘n ! ) Criss
e

2} Crack at upper flange

3) Crack along with PC | |

SR heat mfinclion =

TR point at mid- support oy LI e
Spar 4) Crack orthogonalized " E=r =

' with PC tendon riear 7 P _

inflection point at mid- | |

suppert

a1



kY

1)

2)

Others

DOverall

Part af
Bearing

1
shaped

5) Horizontal erack at web
of main girder " o
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6.4.3 Detail Process of Dafect Rating for Other Elements/Members [Other than Concrete or
Steel)

6.4.3.1 Abnormal Spacing at Expansion Jaint

What is Abnormal Spacing at Expansion Joint: Abnormal spacing is the abnormal widening of the
normal spacing bebween girders or between girder and abutment or where there is no provision
for movement.
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How to Identify Abnormal Spacing: Abnormal spacing can also be identified by abnormal
distortion of bearing or the defects related to expansion joint and parapet.

How the Defect should be considered for Rating:

= |f during inspection deformation/break in expansion joint or bearing, or functional
disorder in bearing is identified, the defects should be considered for rating
accordingly.

= |f vertical difference of elevation of pavement of bridge deck at expansion joint is
identified then it should be considered for rating as "Difference in level at pavement
surface”.

= |f abnormality at bridge fall prevention device or abnormal movement of bearing and
abnormal spacing at the railing or curb is identified then these defects should also be
considered for rating as “Abnormal Spacing”.
6.4.3.2 Difference in Level

What is Difference in Level: This is longitudinal unevenness or difference of level on road surface
that increases due to load impact imposed by passing traffic.

How the Defect should be considered for Rating:

= Al the difference in level and unevenness of bridge in longitudinal direction shall be
caonsiderad for rating as Difference in Level” irrespective of cause and location.

= Unevenness at expansion joint or parapet of abutment, Corrugation, pot hole and
cave-in of pavement shall also be considered for rating in this category.

=  Transverse Difference in Level (Rutting) shall be considered for rating as “Abnormal
Pavement Surface”.
£.4.3.3 Abnormal Bituminous Pavemeant

What is Abnormal Bituminous Pavement: Abnormal bituminous pavement is defined as tha
delamination or pot-hole of pavement caused by the defects at top of deck slab such as:

= Sppregation at top surface of deck slab

= Defects at steel orthotropic steel deck slab such as Cracks at deck plate or
caonnection of balts.

How the Defect Should be Considered for Rating:
=  Target defects to be inspected are pavement crack, delamination and pot-holes.

= These are not applied for the rating of repair/rehabilitation of pavement, but are
applied for the rating of the physical condition of concrete deck slab.



=  Defects on the top of deck slab affecting the lower part of it corresponding to
abnormal pavement (such as crack of deck slab, spallingfexposed rebar and water
leakage/efflorescence etc.) should be considered for rating separately.

» The repaired pot-hole should also be considered for rating as "Abnormal
Pavement”.
5.4.3.4 Functional Disorder of Bearings

What is Functional Disorder of Bearings: This s the |oss of functional capability of bearing in
supporting the loading and controlling the movement of girder as designed.

This defect incdudes the defect of fall out of bearing roller, functional disability of restricting the
movemnent of girder and absorption of shock at collapse prevention device of bridge.

The components and elements of bearings are categorized as:
Category-1: Body of bearings, Anchor bolts

Category-2: Bridge fall prevention device

How the Defect Should be Considered for Rating:

=  The defects in bearing anchor baolts like corrosion, break and loosened bolts and the
defect at bearing seat mortar should be considered for rating separatealy.

=  Deposited debris are basically considered for rating as “Accumulated Debris”, If
applicable this type of defect should also be considered for rating under this category.
6.4.3.5 Other Types of Defects

What are Other Types of Defects: This type of defects are the defects that are not categorized in
the summary of defects {i.e. from 1-15 & 17-26).

“Other Types of Defects” are categorized as follows:

Category Defects

16.a legal Occupation

16.b Plant Growth

16.c Fire Damage

i6.d Missing of Sealing material,
16.2 Bird's Waste

16.f Scrawl

16.g Others

How the Defect Should be Considered for Rating: The defects should be considered for rating
category wise if identified.
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How to Rate the Defect:

The inspected results for Other Materials should be rated based on the identification during
inspection as described above. Following table (Table 6.6) presents the defect wise process of
rating} for elements other than Concrete and Steel with photographic ilfustrations:

Table 6.6: Process of Defect Rating for other Elements [Other than Concrete & Steel)

o abnormal spacing
Exists abnormal spacing but doesn't include
adeguate transverse spacing between the testh
of the combs of expansion jodnt

Exists abnormal spacing such that:

» The teeth of the comb of ewpansion
joint are separated, OR

»  The contact of both girder and parapat

E ar neighboring two girders i identified:
OR

= Trace evidence of abnormal spacing s
identified,

1 Mo difference in lewel

Longitudinal difference
of lesved = 20 ryvmy

Lewid i eririe & 2  Level difference < 20mm
L] ) T

Longiodinal difference
of lewvel 2 20 mm
E
L | Yot & T Lot diffarence & J0enm
1 Ko abnormality in pavement 1}
Defect i3 negligible like crack in pavement (W< .
e

= Defects are significant Bhe pavement
crack [W=5 mm), and

=  Segragation of apgregates In the
concrete at top of deck slab [below the

B layer).




z
:

Type of Defect
Crack like Cobweb {Mesh)

Partially depressed erack
Langitudinal erack

P

Regularly formed longitudinal
partial crack

Significant rutting and  pot
hole  (including  trace of
FEpEir)

Defects Pattern
{The: corrasponding miam ber of defects

shoould be reconded. if multiple pattemns
are induded in same element; 2l
E nmbery showld be roecorded),
=

B

Ma functianal disorder af bearing
= Fumnctional disoeder; OR
= Substantially abnormal  function  of
bearing is found
Pattern Type ol Defect

1 Any deficit at bearing seat
mortar  of bearing  bed
coascrete

2 Significant onrmosion

3 Drop out of bearing roller

4 Damage, breakage or
abrormal  distortion  af
elastonmeric bearing

5 Loosenimg of breaking of
anchor bolts or set bolts:

B Tikting, abnormal gap,
separation of bearing parts

Dafacts Pattern

{The cormesponding number of defects should be recorded. if multiple pattemns are
included in same element; all numbers should be recor ded].

7 Significant acoumulation of
debeis
B Leeis of dampdng fumsction
k] Other
Rating Criteria Sample Photograph
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Ma defects

These types of defects
are present

6.4.4 Detail Process of Defect Rating for Common Defect [Other than defects discussed
earlier)

6.4.4.1 Defects of Reinforcing Matefials for Rehabiiitation/Strengthening
What are Defects of Reinforcing Materials for Rehabilitation/Strengthening: These are basically
the delamination, deformation, shedding of strengthening materials {like steel plate, carbon fiber

sheeat, and glass cloth covered the surface of conorete members) and corrosion of steel plate used
for strengthening is also included in this category.

Categories of these defects: Defects of Reinforced Materials for rehabilitation/ strengthening are
categorized as follows:

Element/Member to be
Rehabilitated/Repaired/Strengthened Category | Material used for Repair/reinforcement
Made of

1 Steel Plate

e 2 Fiber
3 Concrete
4 Paint System

Stesl L Steel Plate (For Strengthening

How the Defects Should be Considered for Rating:

= The defects of the materials for strengthening are the functional deterioration.
Therefore, this these defects [which are different from the defects of bridge body)
should be considered for rating under this type of defect. For example, if crack and
spalling/exposed rebar are identified in category 3 (Concrete material), these defects
should be considerad for rating under the categories concemed.

= |ncategory & {Paint system), the defects should be considered for rating as "Functional
Deterioration of Paint System” but should be considered for rating as this type of
defact.
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= [ncategory 5 [Steel plate for strengthening], the defects in additional steel plate for
strengthening should be considered for rating as this type of defect not as "Functional
Deterioration of Paint System” or “Corrosion”. Dn the other hand, if the defects in
bridge structure are occurred, these defects should be considered for rating under the
categories concerned.

6.4.4.2 Abnormal Anchorage

What is Abnormal Anchorage: Abnormal anchorage is the corrosion of prestressing tendon or
concrete crack at the anchorage area.

Regardiess of the material of anchoring structure, all defects of this part related to anchorage
structure [such as water proofing cover, block for anchoring, metal device for anchor, buffer
rmaterial) should be rated as “Abnormal anchorage”,

Mote: Cables should be treated as steel material, and connection cables between neighboring
girders for seismicity should be treated as bridge fall prevention apparatus.

Category/Variety of Abnormal Anchorage: Abnormal anchorage is categorized as follows:

Category Variety

1 Vertically-fastened Prestreszing Tendon type

2 Transversely-fastened Pre-stressing Tendon type
3 Anchorage of ather types

4 Anchor/Deviator of out-cable Type

How the defect should be Considered for Rating

If corrosion, spalling fexposed rebar, cracking etc. are found at the anchorage of PC Tendon or
anchorage of outer cable, these defects should be rated separately as per their penre summarized
above,

65.4.4.3 Discoloration/Deterloration of Materials

What is Discoloration/Deterioration of Materials: "Discoloration/Deterioration of Materials”
deals with the changed state of original color or quality of the material like discoloration of
concrete, hardened/cracked rubber or embrittiement/cracking of plastics due to
aging/extensive/overuse,

Category/Variety of Material: The material of discoloration/deterioration of elements is

categorized as follows:
Category Material
1 Concrete
2 Rubber
3 Plastic
4 Others
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How the defect should be Considered for Rating:

= The object of this defect is the material or quality of bridge components, not covering
material for protective function.

= The deterioration of covering material for protective function of steel member should
be rated as "Deterioration of Paint System” and for concrete component it should be
rated as "Defects of Reinforcing materials for rehabilitation/ strengthening”.

= Diseoloration of paint or plating of steel members is not applicable for this defect.

= Discolaration of other than original material, such as dirt due to water on the concrete
surface, solid deposit on concrete surface or dirt due to exhaust gas or soot, is not
applicable.

= Discolaration due to soot-covered concrete caused by fire is not applicable.

6.4.4.4 Water Leakage/Seepage/Puddie (Ponding)

What is Water Leakage/Puddle [Ponding): “Water Leaksge/Puddie (Ponding)” applies for
defective expansion joint or drainage system where flow of rainwater is restricted by inadequate
drainage and deposition of rainwater results inside girders, top surface of beam or bearings.
Deposition due to heavy rainfall or other temporary deposition of water doesn’t hampering the
normal function of bridge shouldn't be considered under this defect.

How the defect should be Considered for Rating:

=  WWater seeping out from concrete crack through inside concrete should be categorized
as “Water |eakage/ Efflorescenca”.

= No Defect of drain pipe should be categorized as “Water Leakage/Puddle”, rather
should be considered as "Fracture”, "Deformation/Break”, “Loose or Missing” or
“Corrasion”.
6.4.4.5 Abnormal Noise/Vibration
What is Abnormal Noise/Vibration: Noise and vibration is the unusual sounds that does not occur
under normal conditions in joints/bearings and elsewhere of the bridge.

How the defect should be Considered for Rating:

= Generally, abnormal noise and vibration occurs due to structural deficiency or defects of
bridge. Sometimes it happens as a composite action. In such cases these defects [bridge
structural deficiency or defects) that results abnormal noise and vibration should be
cansidered as the appropriate category of structural defect.
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6.4.4.6 Abnormal Deflection

What is Abnormal Deflection: Abnormal deflection is the vertical bend due to dead load generally
identifiable during inspection that does not occur under normal conditions.

How the defect should be Considered for Rating:

= Generally, abnormal deflection results from structural deficiency or defects of bridge.
Sometimes it occurs as a composite action. In such cases these defects [bridge
structural deficdency or defects) that results abnormal deflection should be considered
as per the appropriate category of structural defect that they belang.

=  Temporary deflection due to live load should not be dassified 25 abnormal deflection.

6.4.4.7 Deformation/Break of Structural Elements

What is Deformation/Break of Structural Elements: Deformation/Break of Structural Elements is
the localized permanent deformation, break or chip of members that generally results from
vahicular collision, born defect that occurs during construction or effect of earthquake or similar
OCCUrmences.,

How the defect should be Considered for Rating:

=  When spallingfexposure of rebar is identified In addition to deformation/break in
concrete members. In such cases, these defects should be considered as per the
appropriate category of structural defect that they belong.

= |f erack or break of steel members s identified in addition to permanent deformation,
then these defects should be considered as per the appropriate category of structural
defect.

6.4.4.8 Accumulation of Debiris

What is Accumulation of Debris: Wreckage or Debris generally use to accumulate in drainage
basins/ drainpipe and bearing area. It may also be accumulated on pavement surface.

How the defect should be Considered for Rating:

= Deposition of debris or wreckage in and around bearing accelerates material
degradation. Sometimes it hides serious defects. Such condition may lead to excessive
hindrance against movament resulting spalling in concrete and ultimately local
buckling in steel members. In such cases these defects should be considered as per the
appropriate category of structural defect.

6.4.4.9 Settlemant/Tilt/Movement

What is Settlement/Tilt/Movement: Generally, Foundations or bearings undergo sattlement, tilt
or movement for various reasons (Discussed earlier in Chapter-5]).
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How the defect should be Considered for Rating:

» |F abnormal spacing and difference in level at expansion joints and functional disorder
of bearings are identified with settlement, tilt or movemant in foundation or bearings,
these defects should be considered as per the appropriate category of structural
defect.

6.8.4.10 Scouring

What is Scouring: Scouring is the condition of removal of earth/protective material from
foundation/stream bed/bank due to the erosive action of flowing water or wave action in the
sErearm.

How the defect should be Considered for Rating:

»  Scouring of foundations may result In progressive settlement or movement of
abutmaents and piers. If not rectified Such condition may ultimately cause total failure
of the bridge. Therefor it should be rated as per intensity.

How to Rate the Defect:

The inspected results for Common Defects should be rated based on the identification during
inspection as described abowve. Following table (Table 6.7) presents the defect wise process of

rating for “Common Defects” along with photographic illustrations that doesnt match with the
material-based defects:

Tabke 5.7: Process of Defect Rating for Common Defect (Other than defects discussed earfier)

1 Found no defect of reinforcing materials

Separation, corrosban or water leakage s
present (no gap betwesan strengthening steel

plate and bridge bady
3
% It any of the following defects i found:
E = Gap between strengthening
- steel plate and bridge body.
o = Separation of sealed part
e = Gap 3t concrete ancher
- Sgnificant rust  and
= Cofrosion at conerete
*  Gap In anchorage part.
= Reinforcing fiber bears no defect
T



17.5 Stes] Plate for

Strengthaning System

173 Conerete

17.4 Paint System

Minor defects like swelling of
fiber faund

Water Mﬁfﬂ'ﬂﬂnm
from strengthened concrete
found

Substamtial defect or break at
reinforcing material fownd
Considerable water seepage/
efftorescence found

Reminrclngnmﬂeu have no defect

Water seepage/elflorescence
from stremgthened concrete
member identified

Minor defects In strengthening
material identified

Substantial water mg:ﬁﬂmmmﬁ‘m

“strengthened concrete member identified

Mo defect in reinforcing pabnt system
Sttt o ki fond

Mo defects

Shedding of paint system

Rust stain ot redpforced matertal
OR

Substantial amount of water
eepage/effloreccancs
Identified

Ko defect in Stesl Plate for
strengthening

Minar defects [like corrasion, &
lietle loosened bolts) are found.
substantial  defects  [heavy
earrosion, eonsiderable
numbers of loosened bolis,
erack) are found.




= Mon-significant  defeet of
eoncrete at anchor of PC Tendan
3 s found
*  Non-significant defect at anchar
of cable s found

= Significant defect of concrete at
anchar af PC Tendon (s found
= Significant Defect at anchor of
cable is found
Type of Defect
Cracks

i

Seepagefefflorescence of water
Scaling/Spalling/Exposed rabar
Celamination

Corroglon

Defect of protective pipe
Detachment of PC tendon
Oher Types of defects

Rating  Rating Criteria

1 Mo diseoloration or deterioration

[ B T - T TR - ST TR R

Concrete surface B dizcalored:
8 = Milky
= White ar
= Yellow

1 Mo discoloration or deterioration

:
§
2

Rubkbser i:
B = Hardened OR
= gracked

1 Mo discoboration or deterioration

Plastlc material:

B = Ernbrittled
= Cracked

15.3 Flastics
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Mo water leakage (Seepage] or puddle

Water leakage {Seepage] from;
= Expansion joint
=  Connection of drainage system
= (Deposition  of  water  (Puddie)
around beartngs
=  Deposition of ralmwater inside of

girders
Mo abnormal noise or vibeation
=0 e :
Abingmmat nnbe ocourmed do 5o thie Break of the
Abnoemal noise of wibeation is traced at: — h"”r-’f"'
=  Bridge fall prevention device e i
»  Expancion jeinis
= Bearings
= Nolse barriers
3 1 A= 1wbsrati ETT IIIL v
] NI iHaton ccoartaill 4 W LI
" [ng.pfﬁlmhdﬁhl Gcinrdsige
_______ Fatingd®

-

ALTHTER (182 BE0GTP ] i 0 TR | MaTareira ol s
_bamier pnd Bphting arn
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'*-:' abnarmal deflection

baormal deflection Is found at:
o mmnhdlﬁlﬂ

Hc: defarmaioh oc ek =
*  Partial missing of member OR

Limited deformation/break is found

Partial and significant missing of

member OR
Severe local deformation/bresk is

found

No Accumulation (Deposition] of Debris




Accurmnulation  [Depesition) of Debris is
identified at:

= Drainzge basins

- l;h-unpipe'ﬂl_l

= Around Bearing

Mo Settlement/ Tilt Bovement

Sertlement/TilyMovement i3 identified at:
= Support of bearings OR
=  Fourndation

Mo scouring

Due to flow of river or water, minor scoufing
Bt foundatian i identified

Minps someteg ol Touradataon diee 1o sieer Moy
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Due to flow of river or water, major seouring
at foundation s identified

6.5 Detail Process of Defect Rating of Non-5tructural Elements

Thee Rating of the Non-Structural Elements will be complete using a different Rating Scale disoussed
irs this section as follows:
Table-6.8 : List of Non-Structural Elements

Lighting Facilities
Embankment Slopes of Approach Roads
Longitudinal Slope of Approach Road
Pavement of Approaches
Wearing Course
Expansion loint Maosing, Sealing
Checker Plates, Nut-falts
Wheel guard, Walloway, Median
Rail Bar, Rail Post
Guide Post, Traffic Sign, Electric Post
Protective Warks of Abutment/Pier
Surface of Wing Wall and Abutment Wall
Painting of Guide Post, Traffic Sign, Road Marking, Electric Post,
Painting of Railing, Rall Posts, Wheel guard
Painting of Steel Members of Truss & Bailey Bridges
Water Dralnage and Waterway= of Deck Slab, Top Slab of Box, Verges Ducts & D-spouts
Water Drainage and Waterways of Surface of Abutment, End wall, Intermediate wall &
Wing Wall, Weep Holes, Drain Outlet :
Water Drainage and Waterways of Water flow of Slab/ Box/ Pipe-Culbverts
BETH \Water Drainage and Waterways of River/Cannel/Water Ways
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“ Water Drainage and Waterways of River Training Works

6.5.1 Overall Visual Observation on Condition of Non-Structural Elements except Approach
Road:
Table: 6.9 Inspection Rating and Detail of Severity of Damage/Defect of Non-Structural
Elements (Except Approach Road)

Observed Condition Inspection Ratings Descriptions of Condition
The Mon-5tructural Element is non- MNENR Mot Exist & Not Required
Bxist
The Mon-Structural Element is non- NER Mot Exist but Required

exist but required for safety of the
Traffic or for proper functioning of
the Bridge/Bridge Member

Mo significant Defects observed G Good
The MNon-Structure element s in F Fair
functioning condition

The Mon-Structure Element or a P Poor

significant portion of the element is
in poor/feritical condition

The Mon-Structure Element is almost 5 Levars
failed or partially failed
The Non-Structure Element iz B Blocked

blocked and non-functioning

6.5.2 Overall Visual Observation on Condition of Longitudinal Slope of Approach Road
Table 6.10: Inspection Rating and Detall of Severity of Damage/Defect of Approach Road

Observed Condition inspection Ratings Descriptions of Condition
Approach Road is not complete MER Mot Exist but Required
Flat, Slope is 0% G Good
Slope is less than 3% F Fair
Slape is more than 3% but less than 5%. P Poor
Slope is more than 5% 5 Severe
Approach Road is partially Blocked B Blocked
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CHAPTER 7: ANALYSIS, EVALUATION
AND REQUIRED INTERVENTIONS

7.1 Analysis and Evaluation of Bridge Inspection Data

As part of the Bridge Asset Management the primary objective of bridge inspection is to find out
the physical condition of the bridge and to detect any defects of the bridges at early stage that
may affect safety of the users and bridge structures and to make the traffic flow smooth and
comfortable, Another objective iz to monitor development of the defects on the bridge
continuoushy so that timely remedial measures can be taken to prolong the life of the bridge. In
addition, the results collected from the inspection can be used to develop inspection and
matntenance program, to carry out load capacity assessment, and to provide feedback to tha
design process. In order to achieve these objectives, we must evaluate the structure condition
data collected during the inspection of the structure elements, components and the entire bridga
properly. To make the overall Bridge Asset Manzgement effective and efficient this evaluation
must be completed using modem computer-based programing/software. LGED will be using
RuBIMS software for these evaluations.

7.1.1 Types of Elements for Analysis and Evaluation

The elements of Bridge are classified into Structural Element and NMon-structural Element based
on the importance pe., structural Safety/Functionality. For the purpose of evaluation, the
Structural Elements [5E) are emphasized more as those affect the Safety/Functionality, Non-
structural Elements (N5E) have insignificant level of effect to the structural safety of a Bridge.

Mot only that, all the alements don't play same/similar role to perfectly daliver the expected
functionality of the bridge. Therefore, it is mandatory to congider the importance of each element
considered for inspection under this Guideline and RuBIMS as well. Following tables [Table-7.1)
represents the list of Structural Elements with Importance Coefficlent [IC) and Toble-7.2
represents the list of Mon-structural Elements.
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Figure 7.1: Major Components of Bridges

Table-7.1: List of Structural Elements and their Importance Coefficient

Componernt Importance
S e —— Element - 5
Type Material Type Coefficient [IC)
Deck Slab 0.80
Main Girder/Beam 1.00
Cross Girder/Beam 025
i! .. - I - Lm
Hanger of Arch 0L20
Stringer 025
Floor Beam 0.25
Checker Plates {Deck) 025
Super Structure B Bracing 0.50
Bottom Chord 0.50
Connector 0.25
steel Truss/Baly  \ertical Panel 0.25
Vertical Post 0.25
Diagonal 0.50
Top Bracing Q.50
Strut 050
Top Chord 0.50
- Hinge B
Steel Truss/ ROG/PC  Main Body of Bearing 0.50
Bearing Assembly Bridge b Tl -
Seat Morter 0.5
= __ Abutment/End 0.80
Sub-Structure - T;;ﬁéﬁ T wallfBack
MIWEETnihjg Wall
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Component

et s

* Adaopted from provisions of Locol Government of Jopan with few modifications

Element Importance
Coefficient [IC)*

Wing Wall

Top Siab of Box
Cubwart

Bottom Slab of Box
Culvert

Abutment Base/ Base
Slab

Per Cap
Pier/Intermediate
Wall

Bracing of Pier

Pile Cap/Foating
Exposed Pile (if any)
Projected Pile

Table-7.2: List of Non-structural Elements

Lighting Facilities

E Longitudinal Slope of Approach Road
PFavement of Approaches
Wearing Course
Expanzion loint Mosing, Sealing
5 Checker Plates, Nut-Bolts
BN \\/hesl guard, Walkway, Median
Rail Bar, Rail Post
Guide Post, Traffic Sign, Electric Post

Embankment Slopes of Approach Roads

p S M Protective Works of Abutment/Pier
12. Surface of Wing Wall and Abutment Wall

Wing Wall, Weep Hales, Drain Outlet

§ Painting of Guide Post, Traffic Sign, Road Marking, Electric Past.
Painting of Railing, Rail Posts, Wheel guard

Painting of Steel Members of Truss & Bailey Bridges

Water Drainage and Waterways of Deck Slab, Top Slab of Box, Verges Ducts & D-spouts

Water Drainage and Waterways of Surface of Abutment, End wall, intermediate wall &

Water Drainage and Waterways of Water flow of Slab/ Box/ Pipe-Culverts
Water Drainage and Waterways of River/CannelWater Ways
Water Drainage and Waterways of River Training Works
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7.1.2 Weight Coefficlent of Defects:

The identified defects also Impact differently on elements to elements and affect the structural
functionality or on its performance. 50, for proper analkysis and evaluation of the Components
and the Structure in calculating its their Damage Degree following Importance Coefficients are
assigned based on these defects” location:

Table 7.3a: Defects and related Weight coefficient of Super-Structure Elements

Material | Element | Type of defects | Impartance coefficient
Super-structure
1. Corrosion 0.50
2. Crack in Steel 1.00
3. Loose or Missing Bolts 0.17
4, Fracture 1.0
‘g 5. Deterioration of Paint 0.17
16, Other Types (a. [llegal Occupation/ b. 0.45
Plant Growth fc. Fire Damage
21. Abnormal Moise / Vibration 0.17
23. Deformation / Break 0.17
1. Corrosion 0.60
a 2. Crack in Stesl 1.00
g 3. Loose or Missing Baolts G20
E 4, Fracture 1.00
E _E'j 5. Deterioration of Paint 0.20
E 12, Abnormal Spacing 0.20
_E 16. Other Types (a. lllegal Occupation/ b. D.45
& Plant Growth fc. Fire Damage
= 21. Abnormal Noise / Vibration 0.20
= 22. Abnormal Deflaction 0.20
23. Deformation [ Break 0.20
1. Corrosion 0.33
2. Crack in Stee| 1.04
|§ 3. Loose or Missing Bolts 017
4. Fracture 1.0
g 5. Deterigration of Paint 0.17
21. Abnormal Noise / Vibration 0.33
23, Deformation / Break 0.17
g o 7. Scaling/Spalling / Exposed rebar 1.0
g5 g B. Water leakage /Efflorescence 0.10
8 9, Fallen out of Deck Slab 1.00
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17. Defects of Reinforcing Material for 025
Rehabilitation / Strengthening
10. Crack of Deck Slab 0.75
11. Delamination 0.03
16. Other Types (a. llegal Occupation/ b. 0.45
Plant Growth fc. Fire Damage
1&. Abnormal Anchorage 025
19. Discnhzﬁltiun," Deterioration of Material 0.03
6. Crack 033
7. Scaling/Spalling / Exposed rebar 0.80
E 8. Water leakage /Efflorescence 0.17
& 16. Other Types (a. lllegal Occupation/ b. 0.45
E Plant Growth /c. Fire Damage
E 17. Defacts of Reinforcing Material for 030
= Rehabilitation / Strengthening
- 11. Delamination 0.17
bt 12. Abnormal Spacing 017
é 15. Abnormal Anchorage 0.67
_E 19. Discoloration / Deterioration of Material 0.03
L] 21. Abnormal Moise / Vibration 0.50
= -E 22. Abnormal Deflaction 0.30
= 23. Deformation / Break 0.03
6. Crack .40
7. Scaling/Spalling / Exposed rebar 0.60
B. Water leakage /Effforescence 0.40
17. Defects of Reinforcing Material for 0.40
Rehabilitaticn / Strengthening
11. Delamination 020
E 18_ Abnormal Anchorage 0.80
L] 19. Discoloration / Deterioration of Material 0.05
i 21_ Abnormal Moise / Vibration 1.00
S 23. Deformation / Break 0.05
Table7.3b: Defects and related Weight coefficient of Sub-Structure Elements
Materials ! Element i Type of defects Importance coefficient
Substructure including Bearing Assernbles
5 g 15. Functional Disorder of Bearings 1.0
3 = E 20. Water Leakage / Puddle 0.25
. - | 23 Deformation / Break 0.13
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24. Accumulation of Debris 0.13
25. Settlement / Tilt / Movement 0.88
s 6. Crack 0.14
E %E 11. Delamination 0.29
d - § 23. Defarmation / Break 1.00
1. Corrosion 0,25
2. Crack in Stesl 1.00
3. Loose or Missing Bolts 050
L) 4. Fracture 1.00
E E 5. Deterioration of Paint .25
W 'E 15. Functional Disorder of Bearings 0.75
o 20. Water Leakage / Puddle 0.25
23, Deformation § Break of Structure 0.25
24. Accumulation of Debris 0.25
25, Settlement / Tilt / Movement 050
1. Carrosion 0.60
2. Crack In Steel 1.00
g 3. Loose or Missing Bolts 0.20
E :é‘ 4. Fracture 1.00
% 5. Deterioration of Paint 0.20
E 20, Water Leakage / Puddie 0.20
21. Abnormal Noise [ Vibration 0.20
23. Deformation / Break 0.20
6. Crack 0.43
7. Scaling/Spalling / Exposed rebar 0.57
B. Water leakage /Efflorescence 0.29
o 16. Other Types {a. lllegal Occupation/ b. 0.45
i Plant Growth fc. Fire Damage
g < 17. Defects of Reinforcing Material for .57
Rehabilitation [ Strengthening
S E 11. Delamination 0.14
= 19, Discoloration / Deterioration of Material 0.14
20. Water Leakage / Puddle 0.14
23. Deformation / Break of Structure 0.14

Element
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Faundation

16. Other Types (a. lllegal Occupation/ b. 0.45
Plant Growth Jc. Fire Damage

25, Settlement / Tilt / Movement 0.25
26. Scouring 1.00

7.2 Condition Classification of Bridge Elements by the Severity of Defects

7.2.1 Structural Elements

The severity of defect/damage of Structural Elements {SE) of a bridge may vary. Accordingly, the
necessity of intervention for elements under consideration will also vary. Under this situation, two

phenomena can happen:

i.  Anyspecific member/element may have more than one defect with varying level of

LEvarity;

fl. Amaong the alements of any specific member/alement within 2 span unit, one specific

element may have higher/highest level of severity.

Specific member/element with high severity shall nead sound evaluation of the bridge members
to determine the necessity for appropriate intervention (Minor maintenance/ Major
Maintenance/Rehabilitation or Replacement). Specific determination method is divided from the
g (nine) Inspection Rating categories after comprehensive evaluation of Structural Importance or
progress level of damage of the member concerned. Following table (Table-7 4) represents the

inspection rating details.

Table: 7.4 Inspection Rating and Detail of Severity of Damage/Defect

inspection Visual Status of

Rating Defect /Damage

Latisfactory

Moderate

Poor

Severe

Immediate
Failure

Monsignificant Defects

Description of Severity of Defect/Damage

slight {mot more than 5% of surfoce area of concerned

AMember/Element)

Nat Wide (6%-20% of surface area of concerned Member/ Element)

Moderately Wide {21%-35% of surfoce areo of concerned

Member/Element)

\Wide (36%-50% of surface area of concerned Member/ Element)

Severe [51%-60% of surfoce area of concerned Member/Element)

=T S Ly e

Almost Failed {More than 70% of surface areo of concerned

Member/Element)
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The classification of the necessity for intervention of structural Members shall be carried out by
thie 4 (Four) Condition State of Evaluation Category (C51-C54) discussed in the following Section.

{1} Damage Degree and Condition S5tate of bridge Sub-structure and Super-Structure types

Soundness evaluation of the bridge members determines the necessity for identifying the
maintenance [Minor Maintenance, Major Maintenance, Rehabilitation, Replacement or
emergency response) need to any member by analysing and evaluating each damage type
found on the member during the inspection. The classification of the maintenance necessity is
carried out by Evaluating the Bridge Sub-structure, Super-structure into 4 Category [C51-C54)
using the Inspection Rating (1 to 9) shown below in Table 7.5, A separate evaluation process
will be used for the Non=Structural Elements. Specific determination of these four categories
will be completed using a comprehensive analysis and evaluation of structural importance and
damage progress level of the damaged member (defects associated with the structural
elements as per Table 7. 3a and Table 7.3b) following the step by step described in the following
sections:

Table 7.5 Inspection Rating and corresponding given Damage Degree (DD) of bridge
elements [Sub-Structure and Super-Structura)

inspection Corresponding Band of Condition Expected Intervention

Rating Damage Degree Damage State (CS)
Degree *) Band
1 o 0 = 20 51 Minor MaintenancefMo
2 20 haintenance
3 30 21 =~ 549 52 kdajor Maintenance
L ] 40
5 L]
2] ] B0 =~ 79 C53 Rehabilitation
7 -]
B 80 80 =~ 100 C54 Replacement/Emergency
9 1o Repair

Reference: *] Adopted by the local povernment of Japan with few modifications

7.2.2 Non- Structural Elements

As discussed In the Inspection Chapter & (Section 6.5) Non-5tructure Elements are rated using a
different rating scale as follows:

Table: 7.6 Inspection Rating and Detail of Severity of Damage/Defect of Non-Structural Elements

inspection Ratings Descriptions of Condition

MNENR Mot Exist & Not Required
MNER Mot Exist but Required



G Good
F Fair

P Poor
5 Severse
B Blocked

[1) Damage Degree and Condition State of bridge Non-structure Elements

The Analysis and Evaluation of the Mo-5tructural Elements will also be completed differently than
thie Structural Elements. The Non-Structural Elaments Ratings will be assigned a Damaged Degres
directly as follows:

Table 7.7 Inspection Rating and corresponding given Damage Degree (DD) of bridge elements
[Non-5tructure Elements)

No Maintenance is
Required

NER 20 51 Minor Maintenance is

Required

G o 51 No Maintenance is
Required

F 10 51 Mo Maintenance s
Required

P 15 51 Minor Maintenance is
Required
5 20 Cs1 '

Bazed on these assigned Element Damaged Degree of the Non-Structural Elements a Condition
State [(CS) will be assigned as per Table No. 7.7

The basic [dea of classifying each condition category s as per following table:
Table 7.8 Condition Categories and their description

Condition Bescription of Condition State Expected
State [C5) Intervention
C5l The damages were not recognized in the Structural components Minor

during the visual inspection, but defects were identified at the Non-  Maintenance/MNo
Structural Elements. As a result, no repair work may be required for Maintenance
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the structural elemeants, but Non-Structural Elements reguired some
maintenance work.

Ce2 The damages require repair work though it is not emergency like Major
immediate repair, even If left as it is, the safety of structure will not Maintenance
significantly impaired until the next periodic inspection (= within 5
years}), However, from the point of view of preventive maintenance,
it is desirable to do "Major Maintenance" in that part of the bridge.

£53 It can be determined that it is necessary to do early repair (= Rehabilitation
approximately within 2 years), due to the significant progress of the
damage, function and safety factor of the part and the member
decreases remarkably.

C54 Structural safety of the bridge has been significantly impaired, and it | Replacement/Em
is necessary to take urgent preventive measures, to avold severe ergency Repair
damages such as bridge collapse or high risk of user safety.

7.3 Analysis and Evaluation method of bridge element types

in the soundness evaluation of the bridge element, judgment of condition category is carried out
by span unit to each defect type (Table 7.3a and Table 7.2b) In the structural element types [Table
7.1} (Figure 7.1). If there are more than one kind of damage types on the same structural element
then the calculated Damage Degree (DD) for that element is the sum of the DD for all damages of
that element. And If there are more than one element of same types, then the determination of
the DD for that element type is carried out considering the highest calculated damage degree of
that element type.

7.3.1 Procedure of Calculating Damage Degree for Structural Elements

Bridge Damage Degree s the barometer of structural risk of the bridge, calculated as follows.
MNew bridge has 0 damage degree, and each time, If any defect occurs in any of the element,
damage degres will increase

During analysis and evaluation of the bridge elements, RuBIMS will consider:

1. Governing Damage Degree and corresponding Condition State (CS) will be carried out by
Sub-5tructure, Super-Structure and Non-5tructure Unit;

2. The impotence Co-efficlent (IC) of each Element will be taken into account;
3. The Defect Weightage (DW) of each defect of Element will be taken into account;

4. The Inspection Rating will be converted to corresponding given Damage Degres (DD) as
per Table 7.5;

5. The span consideration for the purpose of inspection and data collection should be
cansidered as follows [Fig-7.1):
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6. If more than one kind of damage/defect exist on any structural element, the
determination of the DD and C5 will be carried out by adding the calculated DD for each
defect types for the same Elemant.

7. The Governing DD of Sub-Structure or Sper-Structure will be determined considering the
most severa DD from all the Elemants of the Sub-Structure and Super-Structure

respectively.

Above all 26 types of damages/defects are considerad in this Guidelines for inspection and
Evaluation purposes. Possible defects/damages [out of these 26 damage/defect types) associated
with structural elements are presented in Table-7.3a and 7.3b as above.

Calculation of Damage Degree: Damage Degres |5 calculated for each element of Sub-Structure
and Super-Structure separately.

Step 1: The Damage Degree of each element for each defect is calculated with Inspected Rating
corresponding Damage Degree from Table 7.5, “Elemant Impartance Coefficient”™ from Table 7.1,
"Importance coefficent of the defect” from Table 7.3a or 7.3b as follows:

Element defect Damage Degree = Rating Related DD [Table 7.5]) X Element Importance Coefficient”
{Table 7.1) X Iimportance coafficient of the defect [Table 7.3a or 7.3b)

Step 2: Element Total DD is the Sum of all calculated DD for different defects for the same element
Step 3: The governing DD for the element is the highest total DD for that element types

Step 4: Governing DD of Sub-Structure is the highest value of DD calculated for all Sub-Structure
elements.

Similarly, Governing DD of Super-Structure s the highest value of DD calculated for all Super-
Structure elements

From these calculations we will obtain the overall DD value and corresponding Condition State C5
of Sub-5tructure and Super-Structure,

7.3.2 Calculation of Damage Degree and C5 of the Non-Structure Elements

The determination of Damage Degree and Corresponding Condition State will be completed
directly from the Inspection Rating for the Mon-Structural Elements from Table 7.7 It is evident
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that the Maximum Damage Degree for Non-5tructural Element will be 20 and corresponding C5 .
will be C51.

7.4 Analysis and Evaluation of the Entire Bridges

Soundness analysis of the inspect data and evaluation of the whale bridge is carried out in order
to understand the overall Damage Degree and Condition State {C5) of the whole bridge which is
used for determination of Maintenance category. A total Bridge Damage Degres (0~100) for the
entire bridge is considered and the overall DD of the entire bridge is the governing calculated DD
fram Sub-5tructure, Super-Structure and Non-5tructure. This Damage Degree (DD) score will be
usad to formulate the priority order of candidate element for Minor Maintenance/Major
Maintenance/Rehabilitation/Replacement and it will be calculated automatically by the RuBIMS.

7.5 Special Category Bridges: The following categories of bridges were built following a sub-
standard specification which 5 not meeting the current geometrical, loading and other
requirements;

¥ Light Traffic Bridge
7 Wooden Bridge

¥ lIron Bridge

¥ PBrick Masonry Bridge

LGED decided to replace these bridges gradually. As a result, the above bridges don't require a
detailed Condition Inspection. However, these bridge needs to be considered inta the
prioritization process. 5o, ko participate with the prioritization process these bridges need to have
governing Damage Degree (DD). Based on the condition and other requirement following DD has
been assigned to the bridges as follows:

Bridge Type Assigned Damaged Degree [DD]

I__rglji _'I_'raﬂll: Bridge ‘g5

Wooden Bridge 100

Iron Bridge ‘85
Brick Masonry Bridge 90

NMaote: DD Score 80-100 Eligible for Replocement
7.6 Determination of Final Intervention of the Bridge:

As Discussed in the above sections RuBIMS will calculate the DD and correspanding C5 of the
Sub-Structure, Super-Structure and Mon-5tructure Elements of each Inspected bridge. Finally,
RuBIMS will determine the overall Condition State and the Required Maintenance
Interventions using the following Operational Strategic Flowchart:

LGED Dperational Strategy Flowchart:
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Figure 7.3, LGED Operational Strategy Flowchart

Sowrce: Frogrom for Supporting furgl Bridges (SupfBl Progrom Operctionod Manuel {[FOM) Version 2, July 21, 2020
Firstly, the relevant items from RSDMS [structure] are examined. There can be two possible outcomes:

The structure does MOT exist: S1 s calculated as the summation of d and el. If the 51 is more than
10, thien a new bridge is to be constructed; otherwise, there is nothing to do.

The structure exists: the structure type |s checked to be arch masonry or light welght or wooden
or iron bridge:

Obtaining positive result, if the length is less than 6m as well as 100m, there will be replacement
with structural review; otherwise, there is nothing to do.

With a negative result, if the length is greater than 6m, there is nothing to do; otherwise, if check
the carriage width:

if the carriage width is less than 3m, the sub-structure is examined. if t is C53 or C54, there will be
replacement with structural review; otherwise, the super-structure Is checked:

If It is 53 or C54, there will be replacement with structural review, if possible, otherwise there will
be rehabilitation with structural review,

If it is MOT C53 or £54, there will be capacity expansion with structural review, if possible, otherwise
there will be replacement with structural review.
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ii.  If the carriage width is less than or equal to 5.5 m, the sub-structure is examined. If sub-structure
i= C53 or £54, there will be replacement with structural review, otherwise:

1. i possible, there will be capacity expansion with structural review.

2. If capacity expansion is NOT possible, the super-structure is checked:
a. I the super-structure is C51 or £52, there will be rehabilitation with structural review.

b. M the super-structure is NOT C51 or €52, there will be major maintenance.

iii., If the carriage width is greater tham 5.5 m, the sub-structure is examined. If sub-structure is C54,
there will be replacement with structural review; otherwise:

1.  If the substructure 53, there will be replacement with structural review, if possible, otherwise
there will be rehabilitation with structural review.

2. If the sub-structure is NOT C53, the super-structure is examined. If the super-structure is C53 or
54, there will be rehabilitation with structural review. Otherwise:

If the sub structure is €52, there will be major maintenance.

If the sub structure is NOT C52 and the super-structure is C52, there will be major maintenance.

.  If the sub-structure and super-structure both are NOT C52 and the non-structural element is C51,
there will be minor maintenance, otherwisa, there is nothing to do.

Table 7.9 Final Intervention Categories

Conditon
State (CS)

cs1

C52
C53
C51, C52 (Sub
and Super-
Structure)

(51, C52
{Sub-
Structure and
C53, C54
Super-
Structure)

C54

Description of Condition State
As discussed in Tabie 7.8

As discussed in Table 7.8
As discussed in Table 7.8

If the existing structure is in Good (C51) to Fair (C52) and
cammiage width >3.0 meter but <5.5 meters. Capacity
expansion by expanding the width of the bridge or
including addifional new bridge construction parallel to
existing structure and Rehabilitation of the exsting

Bridge

If the sub-structure i In Good (C51) to Fair (C52) 2nd
super-structure is C53 or C84 and carriage width > 3.0
meter but <55 meters. Capacity expansion by
expanding the width of the bridge or including
additional new bridge construction parallel to existing
structure and Rehabilitation of the existing Bridge

As discussed in Table 7.8

7.7 lliustration of Analysis and Evaluation of a Sample Bridge
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Capacity Expansion

Capacity Expansion
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Fig. 7.4 Cross Section (Spon-1: From Back Approach to Front Approach)
Bridge under consideration: Multiple Span (4 Span) Bridge
Table 7.8; Bridge Damage Inspection Ratings (extracted from the Inspection Form)

hellzin Elements Element Defect
Component Mo
Super Structure | Main Girder 1 6. Crack LS
7. Scaling/Spalling / Exposed rebar | 6
22, Abnormal Deflection | 3
2 6. Crack 4
7. Scaling/Spalling / Exposed rebar | 5
22, Abnormal Deflection | 5
Cross Girder 1 6. Crack 4
7. Scaling/Spalling / Exposed rebar 5
23, Deformation / Break | 7
| Deck Slab 1 |7 Scaling/Spalling / Exposed rebar | i
9. Fallen out of Deck Slab | 5
10. Crack of Deck Slab )
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Mialn Eiements Element Defect Defect

Component MNo. Rating
2 7. Scaling/Spalling / Exposed rebar 4
4. Fallen out of Deck Sab )
10. Crack of Deck Slab 4
Sub-5tructure Abutment | 1 6. Crack 3
11. Delamination !
2 6. Crack 4
11. Delamination 5
Pier 1 7. Scaling/Spalling f Exposed rebar 2
6. Crack 2
2 7. Scaling/Spalling / Exposed rebar 3
6. Crack a
Pier Cap | 1 6. Crack 1
7. Scaling/Spalling / Exposed rebar i
B. Water leakage /Efflorescence 2
Pile Cap 1 26, Scouring 1
25. Settlement / Tilt / Movement 4
2 26. Scouring 1
25 Settlement / THt / Movement 3
Bearings 1 15. Functional Ddsorder of Bearings 5
2 15. Furnctional Dsorder of Bearings 5
- 15. Functional Disorder of Bearings 8

DD and CS of Super-Structure and Sub-Structure:

Step 1: The Damage Degree of each element for each defect is calculated with Inspected Rating
corresponding Damage Degree from Table 7.5, “Element Importance Coefficient” from Table 7.1,
“Importance coefficient of the defect” from Table 7.3a or 7.3b as follows:
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The Calculated DD

Element defect Damage Degree = Rating Related DD [Table 7.5) X Element Importance Coefficient”
(Table 7.1} X Importance coefficient of the defect [Table 7.3a or 7.3h)

From the above Table for Main Girder the inspected defects and caleulated DD are Crack is 19.47,
Scaling fSpalling / Exposed rebar is 46.90 and Abnormal Deflection is 9.00,

S5tep 2: Element Total DD is the Sum of all DD for different defects for the same elemant

50, the total calculated DD for Main Girder Is (19.47+456.90+9.00) 75.37.

Similarly, the total calculated DD for Main Girder of Span 2 is 70.43

5tep 3: The governing DD for the element is the highest total DD for that element types

Hence, the gaverning DD of Main Girder element [highest value among 75.37 and 70.43) is 75.37.

Step 4: Governing DD of Super-Structure s the highest value of DD calculated for all Super-
Structure elements.

From the above Table the total calculated DD for Main Girder is 75,37, Cross Girder is 13.84 and
for Deck Slab is 97_80.

50, the governing DD of Super-Structure (the highest value of super-structure elements) is 97.80

Similarly, Governing DD of Sub-Structure is the highast value of DD calculated for all Sub-5Structure
elements, which is 60.75

DD and C5 of Mon-5tructure:

Tha Maximurm Damage Degree for Non=5tructural Element will be 20 and corresponding C5 will
be 51

DD and C5 of the Overall Bridge

From these calculations we can see the overall DD value and corresponding Condition State C5 of
Sub-5tructure, Super-Structure and Non-Structure as follows:

The DD of Super-Structure is 97.80 [C54), DD of Sub-Structure is 60.75 [C52) and DD of Non-
Structure is 20 [(C51). The Super-Structure DD is governing (> than Sub-5tructure DD and Non-
Structure DD) so, the overall DD of the Bridge is 97.80 and required Intervention required for this
Bridge is C54 [Replacement). However, as per the second Test [Flow Chart) The C5 of Super-
Structure is C54 and C5 of Sub-Structure is C52. S0, the Super-structure needs to be Replaced Only
(Rehabilitation]} and the corresponding Overall CS is C53

7.8 Detailed Investigation
7.8.1 The purpose of detailed investigation

The objective of detail investigation is to acquire specific information about degradation of a
structure.

The following are the causes of detail Investigation of a structure.
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a) Some signs of deterioration or a change in the performance level are observed
during last inspection.

b) When the cause of damage is unclear, detailed Investigation is required to specify
the cause of the damage.

c} Todecide the scope and the degree of repair and strengthening.
Some examples of damages require detailed investigation are shown in Photo-7.7.1.

Dangerous conditions by chloride attack

Spalling, Exposed rebar by chioride attack
Photo-7.7.1 Examples of damages require detailed investigotion

7.8.2 Selection of the method of detail investigation

Investigation method is selected considering the kind of damage and presumed cause of damage.
Many types of Detailed Investigation Method are listed in Table-6.3.1, The responsible persons
for the |nvestigation will decide the appropriate method by applying their experiences,
engineering judgment and considering other issues related to the investigation process,

Table 7.10: Exemple of Investigation Method
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7.8.3 Core extraction

A core is extracted by an electric care drill.

Required core diameter for testing Chloride density and Carbonation depth: More than 50
mm and for Compressive strength: More than 75 mm Work procedure is described below.
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a} Rebar location is confirmed by a rebar detector.,
b} The location of core extraction is selected.
c} A core-drill Is installed and fixed in position; then core drilling is started.

di If core drill encounters rebar, PC tendon ete., boring is canceled and the
boring location is changed.

€} A coreis extracted after the completion of boring.
fl  The core is kept sealad until tested.

7.8.4 Compressive strength of concrete structure

(1) Compressive Strength test by core extraction

Comprassive strength of concrete is measured by a compressive strength testing machine using
an extracted core.

The modulus of elasticity of concrete can be calfculated from stress-strain diagram of com pressive
strength test.

Core extraction for compression test avoids the spalling part and the crack part. Rather a core is
extracted from a sound part.

Core diameter must be more than 3 times of the maximum size of coarse aggregate and core
length must be more than 2 times of core diameter.

{(2) Compressive Strength test by Rebound hammer (Ex. Schmidt rebound hammer)

Compressive strength of concrete is measured by the repulsion hardness method when striking a
blow at concrete surface.

Compressive strength is obtained from the arithmetic
exprazsion from the repulsion hardness method.

The repulsion hardness method is an

effective way to know the relative strength, not the way
to investigate the absolute strength of concrete.

Schmidt rebound hammer is being used as
a measuring instrument of repulsion
hardness method.

Phaoto-7.7.2 Schmidt rebound hommer

7.8.5 Chloride ion concentration
{1} Core extraction method

Chioride density test analyzes chloride ion concentration by potentiometric titration method. in
this method total amount of chloride ion present in the concreta is determined.
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Chloride density test is done in the depth direction. Salinity is measured at 4{four) points of
different depths. Figure=-6.3.3 illustrates the basic idea of the test method.

Test Test Test Test
Paint-1 Paint-2 Paoint=3 Paint-4

B i Core end

A@20=80mm

Figere-7.7_ 3 Example of core division far chioride densifty test

{2} Concrete powder by drilling

As sample for chloride density tests,
some concrete powder 5 extracted by
drilling.

Sample from 4(four) different depths in
depth direction are extracted for the
test. This test method also analyzes
chioride ion concentration by
potentiometric titratlon method and
total amount of chloride lon present in
the concrete s determined.

Fhoto-7. 7.4 A potentiometric titrotion device

7.8.6 Carbonation depth

(1) Phenolphthalein method by core extraction
An extracted core is washed with watear,

1% Phenolphthalein solution is sprayed on the core surface.

Then the depth of the purple red colored part of the core s measure from concrete surface at
8 points around the circumference of the circular core,

Carbonation depth of the concrete is the mean of these depths measured at B points.
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Figure-7.7 5 Estimation of corbonation depth by core extraction

2} Phenolphthalein method by drilling

Location of rebar and PC tendon is confirmed by a rebar detector and the test is conducted at a
location where rebar or PC tendon |s not underneath,

1% Phenolphthalein solution s sprayed on a filter paper and it is kept holding just below the
drilling location so that concrete powder extracted from the hole can drop onto it. As soon
as the filter paper starts to turn red, drilling s stopped. Then the depth of the hole is
measured with a slide caliper which is the carbonation depth.

Measurement of ﬂ;r_bu.rr-atmn n'E;:rrh

Photo-7. 7.6 Phenolphthalein method by drilling
31 Phenolphthalein method by exposed rebar
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The location of rebar and PC tendon is confirmed by a rebar detector and concrete is cut in such
a way that a significant portion of rebar is exposed.

The point/area |s cleaned thoroughly by brushes and syringes, etc,
1% Phenolphthalein is spraved into the point/area of exposed rebar.

The depth of red purple colored part from concrete surface Is measured, which is carbonation
dapth.

7.8.7 Rebar corrosion [Exposed rebar)

The location of rebar and PC tendon is confirmed by a rebar detector and concrete is cut in such
a way that a significant portion of rebar is exposed.

The state of corrasion of rebar is observed visually.

Generally, the part of element in which stain of rusty water flow, partial spalling, exposed rebar
or big corrosion crack etc. are visible indicates high possibility of rebar corrosion; and that part of
the element must be investigated.

I some cases, partial loss
of area of a rebar occurs.
The loss is determined by
measuring rebar
diameter by calipers after
remaoving patina by steel
brush and comparing
new area with original

one.

Phato-7. 7.7 Phenolphthalein method by exposed rebar ond Rebar corrasion

7.8.B Degradation prediction
{1} Carbonation

Carbonation is a degrading phenomenon caused by CO; infiltration into concrete. To estimate
carbonation depth in concrete, formula (1) is presented here as follows:

¥ = BVE i vea vra wan win wms vas sin v e fOTmula {13}
¥ : estimated carbonation depth [mm)
b : coefficient of carbonation speed (mim/Vyear)

@ time (year)

{2} Chloride attack
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The spread of chloride ion stuck in concrete surface is predicted from diffusion equation derived
from Fick's Law.

Fick's Law is shown in formula [2).
dCi
Jas—p gy - o———————————- —~farmula {2)
Ja: Mass flux which is a material flow through a unit cross-sactional area in unit timea
D: Diffusivity constant
Ci: Concentration of the substance
¥: Distance coordinate

The diffusion equation indicated In formula (3) is obtained from continuity of a material flow.

(i [ ] a4cl
=D pg——————-——formula {3)

t: Tirme

When the boundary condition is given and the differential equation is solved, chlaride ion
cancentration diffusion formula is obtained, and presented here as formula (4).

Gix, t)=Ca G_"" ( -#-)) ------- formula (4)
D: Diffuskvity constant
G (x,t): Chioride ion concentration at *x’ location{kg/m?)
Co: Chloride ion concentration at =0 (concrete surface) (kg/m?)
¥ Distance coordinate [cm)
t: Time (Year)
erfix): Error function

erfix] = % J:e“’dt

7.9 Approval of Bridge Inspection Data

The purpose of the Approval Process is to ensure objectivity accuracy and transparency of bridge
inspection Data, and to facilitate smooth approval procedure in the District and Regional level by
the involvement of District and Regional Official.
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CHAPTER 8
DOCUMENTATION OF INVENTORY
AND INSPECTION RESULTS

8.1 Introduction

A standard and quality system of documentation is indispensable to record bridge inspection data
and evaluate the condition of a structure appropriately and efficiently. Doubtlessly, bridge
inventory and inspection data are an integral part of the lifelong record file of the bridge. A clear,
accurate, and complete set of inspection data is therefore inevitable for entire process of
documentation and processing. The results (Information/Data Set) achieved from inspections will
be used to plan, coordinate, Implement and manage maintenance operations on the bridges.
Comprehensive bridge inventory and inspection results [Data Set) will be recorded In the RuBIMS.
Chief Inspector (UE) shall ensure that the inventory and periodic inspection data are in the correct
farmat and compatible with existing entries. These data and any recommended actions including
inspection inventory amendments and the need for Detailed Investigation or maintenance
requirements shall be entered into the RuBIMS accordingly.

It is a valuabbe aid in establishing maintenance and replacement priorities as well as in determining
capacity of structure and the cost of maintenance of rural bridges. Consequently, the
docurmentation system should be operated with extreme care so that unexpected or irrelevant
output borme from operational error can hinder the total system and software, This
documentation system is therefore playing the |leading role towards the success of Bridge
Inspection program sponsored by LGED. Details of the documentation and data recording
requirements for the inventory, routine and periodic inspections are described sequentially in
succeeding paragraphs.

8.2 The Role of Inventory Itéms in RuBIMS

In the near past event, the authority concerned/implementing agency {i.e) used to identify
problems of a particular bridge and then apply those problems as standard inventory items to
search for the same potential problems that might exist on other bridges.

Inventory items are therefore part and parcel of Rural Bridge Information Management System
[RuBIMS). The implementing Agencies use the inventory items to help plan Inspection,
maintenance and reconstruction as well as elassify their bridges.

B.2.1 Condition and Appraizal

= The reported/documented condition of an element or component of a bridge is an
evaluation of its current physical state compared to what it was on the day it was built;

= Appraisal rating items are used to evaluate a bridge in relation to the level of service it
provides on the road network system of which it i a mandatory part.
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8.2.1.1 Condition Rating Items:

Super-structure and Sub-structure

Arcurate assignment of condition ratings is significantly dependent on the ability of inspector of
the bridge to identify the bridge components and their elements. Bridge components are the
major parts comprising a bridge including the deck, superstructure, and substructure. Bridge
elements are individual members comprised of basic shapes and materials connected together to
form bridge components, The overall condition rating of bridge components is directly related to
the physical deficiencies of bridge elements.

Evaluating Elements

The inspector is responsible for rating all related defects (26 types of defects) using the rating scale
i1 to 9) of all elements as discussed in Chapter 6. RuBIMS will evaluate each element of each
component and assigning to it a Damage Degree for Sub-Structure, Super-Structure and Non-
Structure Elements as discussed in Chapter 7.

To ensure a comprehensive record keeping and documentation, an inspector is responsible for
recarding the location, type, size, quantity, and severity of deterioration and deficiencies for each
component of a given element. The following major components of bridges are broadly considered
for an overall Structure Inventory and Appraisal [51E84) elements condition rating:

=  Super-structura
=  Sub-structure and
= Non-Structure

8.3 Recording/Documenting Inspection Results

Inspection data should be recorded in a format that gives a clear and accurate description of the
bridge condition, The standardized format used for inspection data should be dear, follow a logical
sequence and incorporate all the necessary information of the bridge structure’s condition. The
inspection reports support maintenance planning and management and should assist this process
by adopting a relatively consistent format from one inspection cycle to the next. The inspection
record shall:

= |jdentify what parts of the bridge were inspected and the location of the defected
component. (To be shown on a defect photographs or sketches of the bridge)
= Provide the following details on any defacts identified
" What the defect is,
¥"  Where the defect is located (a sketch may be used to illustrate its location).
¥ Summarize the inspection findings if necessary [addressing how Individual defects
affect other element’s condition].

Sketches [defect figures) of super-structure or deck slab are described as a general plan of the
bridge. The point of view for sketch is shown in Figure 8.1
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Figure 8.1! Point of View far Sketches of Superstructure or Deck Slab

All the inspection results must be recorded on LGED's Rural Bridge Information Management
System [RuBIMS) within [30) days of the inspection 50 that concerned engineers/personnel in
LGED can browse and find out the exact situation of the bridges and take relevant actions.

Howewer, in the event that a defective structure is identified, all inspection data should be entered
as s00n as is practicably possible.

B.3.1 Roufine Inspection Form

Routine Inspection is conducted using the "Routine Inspection Report” form included in Appendix
i

The inspector shall submit a completed Routine Inspection Report to the Chief Inspector and Chef
Inspactor will take steps to record inspection data and any relevant actions, including the need for
a specific inspaction, special points to be inspected at the next routine Inspection or detailed
investigation or maintenance requirements in the Bridge Management System within (30) days of

the inspection.

Photographs taken can be attached to the report as required. Advice for further inspection should
be clear and these should be included in the next annual inspection plan.

In addition, the inspector shall submit a completed “Inventory Farm® so that the current RuBIMS
data may be positively verified or amended within [30) working days of the Routine Inspection.

8.3.2 Periodic Inspection Form of the Bridge Elements

Inspectors shall carry out the bridge inspection through this condition rating of defects form.
Inspector should prepare the records for this form for each bridge element. The record of the
condition of defect should be renewed when the inspection is carried out.

An appropriate photographic and sketch record must be compibed for inspection record to
ilfustrate and clarify conditions of structural elements.

Photographic record - Entire condition and defects condition on the bridges exactly

= Defects for the worst condition
= Any information in terms of defects

Sketch record - Defects with necessary plan and elevation views of the feature
=  [Dimensions showing its length, width, and depth if applicabla
128



In the column of “Remarks and Recommendation” a brief summary of the inspection findings .
should be made by the inspector. Problem areas, those requiring immediate attention should be
pointed out,

The evaluation of inspected data will be completed using RuBIMS evsluation according to
evaluation Criteria of the defects for bridge elements [Structural and Non-Structural). Inspection
and evaluation report may include any recommendations for maintenance or remedial actions and
for scheduling of follow-up Detailed Investigations in the comment section of the visual inspection
form, if necessary. The form should be completed according to each span unit.

For Emergency Inspection, no special reporting forms are used as the form developed for routine
and periodic inspection can be utilized. The ratings are transferred to the relevant item of the
inspection form Chapter-6: Types of Defects and Rating.

For Special Inspection, the results of a special inspection will generally not be in a format that can
be input in the inspection database using the visual inspection report form. The special inspection
report will supplement either routine or emergency inspection and will narmally be carried out on
one ar two major primary structural componants of the bridge.

Recording Forms
A set of inventory and inspection forms to be stored on RuBIMS iz listed below!
= Form = 1: Bridge Inventory Record Form
=  Form - 2: New Bridge/Culvert Acceptance Inspection Form
= Form — 3: Routine Inspection Report Form
= Form —4: Periodic Inspection Report Form

= Form = 5: Bridge Evaluation Report Form
=  Form = 6: Sample Inspection fEvaluation Report Form

All these forms are available in Appendix-1.
8.4 Structure Inventory & Appraisal of Condition Ratings

Bridge inventory data is a standardized series of data items that enables the geometry,
construction pattern and function of a bridge to be identified and documented. All information
collected during an initial inspection are recorded or referenced on an inventory form (sheet). The
Structure Inventory and Appraisal [518A) sheet is a tabulation of information that should be
submitted and documented for each individual structure using RuBIMS.

8.5 Data Entry Requirements

For routine, in-depth, critical members with fracture, underwater, damage and special
inspections, LGED should ensure entry of the SI&A data in RuBIMS within:

= 80 days of the date of inspection for all UZR bridges; and
= 180 days of the date of inspection for all other bridges.
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For modifications of existing bridge for which previously recorded data has been altered and for -
new bridges, LGED should confirm entry of the Si&A data in RuBIMS within:

= S0 days after the completion of the work for UZR bridges; and
= 180 days after the completion of the work for alf other bridges.

For changes in load restriction or closure status, LGED should confirm entry of the SIEA data in
RuBIMS within:

= 80 days after the change in status of the structure.

B.5.1 Inwventory Items

Inventory ibems reflect the overall characteristics of a bridge. For the most part, these items are
permanent characteristics, which only change when the bridge is altered in some way, such as
reconstruction or load restriction. There are two forms with similar style namely, SI&A Form-1 (for
Mon-structural Members/Elements) and SI&A Form-2 (For Structural Members/ Elements). The
following Table [Table 8.1} illustrates the detail of Inventory items that should be included in SIEA
forms:

Table B.1; detail of Inventory [tems that Should be Included in 5184 Form [Sheet)

Identifies the structure using:
= GIS location {ordinates);
= Description of Geographic locations like, Division, District, Upazila

etc.;
ldentification of = Description of Road {on which the bridge is constructed) like, Name
Structure of Road, Category of Road (UZR/UNR etc.), 1D of Road;

= Structural description of the bridge like, Chainage, Year of
construction, Code of the bridge, Load restriction for the bridge (if
any);

Specifies the Type of Bridge/Culvert/Gap etc., the material of
construction, and design as follows:
= Cubvert: Box Culvert, Slab Culvert, Open Foundation Culvert, Pipa
Cubsert, U-Drain etc.

= Bridge:
¥ RCC/Prestressed Concrete: Girder Bridge, Box Girder Bridge,
Type of Structure Continuous Bridge, PC Girder Bridge, Slab Bridge, Light Traffic
Bridge atc.
¥ Steel: Arch Bridge, Truss Bridge, Bailey Bridge etc.
¥ Other/Special Type: Suspension Bridge, Cable Stayved Bridge,
Arch Masonry Bridge, Wooden Bridge, Iron Bridge, Hydraulic
Structure et
= GAPs: Existing Gap, Gap Length atc.

LSpecifies the type of water body on which the structure is constructed
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= Channels: Open Field Channel, lIkdefined Chanel, Defined Channel
etc.;
= Canal: Navigation Canal, Drainage Canal, Irrigation Canal etc.
= River: River in General, Navigable River etc.
Specifies the information of super-structural members, e.g..
= Mumiber of Spans/Slabs/Arches/Girders /Cross Girders etc. length of
span;
= Types of wearing surface (e.g.; Bitumen, Concrete etc.)
= Information related to Dimensions {e.g., Length/\Width of Bridge,
Details of Super- Carriageway Width etc.)
Structure = Miscellaneous/Information:
v Type of Railing {e.g., RCC Ralling-Post & Bar, RCC Wall, Steel,
Mazonry, Composite ete.);
+ TiefHanger (e.g., Steel, Wire, Concrete etc.);
¥ Bracing [e.g., Steel, Concrete etc.}
¥ Source of Elsctricity (REE, PDB, Solar etc )
Specifies the information related to sub-structural elements such as:
= Abutment/End waﬂfﬂierﬂntermdlate Wall/Wing Wall: RCC,
Masonry, Steel etc.
DEt m-lf : :"""I = Foundation of Abutment/Wing Wall/Pier: Spread Footing, Pile
Foundation, Well Foundation etc.
= Number/Quantity of: Pile, Pile Cap, Exposed Pile, Pier Cap,
Abutment ete.
Specifies the information regarding non-structural elements of sub-
structure, Such as:

= Type of Protection for Both Front and Back Approach (e.g., Brick
Palisading Wall, Brick Retaining Wall, RCC Retaining Wall, Toe Wall
Detailed mﬂ*"ﬂﬂ ﬂ: with CC Block, Toe Wall with Rip-Rap etc.);
= Drainage System [Front and Back Approach): Outlet, Cut-off Wall,
Apron, Required LENGTH OF Approach Road, Approach Slab etc.
= Type of Material of Approach (e.g., Bituminous Carpating, RCC Slab,
Cement Concrete, Herring Bone Bond, Blocks, Earth etc.)
Specifies the Coding System of the Defects in the light of Condition Rating
Structural Condition 554 Evaluation Rating along with sample Appraisal Approach of Non-

Code (Notation] of o
i structural Elements of Bridge
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Bridge Inventory Record Form (Form-1}:
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B.6 Prioritization of Bridges under Different Intervention Categories

As discussed in chapter 7 [Section 7.4 and 7.5) based on the inspection data all inspected bridge will be
analyzed, evaluated and an overall bridge damage degree (DD} (Bridge Structural Deficiency) Score will be
determined and all the bridges will be grouped under corresponding maintenance categories. The final
grouping will be completed following the SupRB Operational Strategy Flowchart (Fig. 7.3). The Prioritization
of Bridges under Different intervention Categories will be completed by RuBIMS using the following criteria:

* Bridge Damage Degree (Structural Deficiency) Score

*  Traffic Volume Score and

#  ESpcio-Economic Score of the Road Alignment

# Climate Parameters Factor (explained in details in the following section)
The priority score will be calculated using the following Formuda:

Total Score = Bridge Damage Degree (65%) + Traffic Volume (15%) + Socio-Economic {10%) + Climate Factor
10%

[Note: The Madmum Score of any bridge will be 100 and the above formula may be adjusted as per LGED
Funding/Project requirements ).

This Climate factor shall be considered based on climate risk and vulnerability parameter ranking
based on existing bridge inventory data items (from RuBIMS):

The proposed approach s based on already available data tems In RuBIMS bridge inventory.
These Environmental sub-parameters are:

a) Exposure Categories: Vulnerable 19 districts including the coastal districts including salt
exposure will get maximum value 5, Flood prone/flash flood area = 5, Dry Area = 0, other
categories scared based on flood exposure.

Proposed Score for Different Climate Zones and Exposure Score

Climate

ZonefHotspot

=~ EIRC L Bagerhat, Barguna, Barishal, Bh_-ula, Chandpur, Chattogram, Cox's
{1%) Bazar, Feni, Gopalgan), Jashore, Jhalkat, Khuina, Lakshmipur, Narail,
Noakhali, Patuakhali, Pirojpur, Satkhira, Shariatpur.

LCTTEE T APl Brahmanbaria, Habiganj, Kishoreganj, Moulvibazar, Metrokona, 4
R TP B Sunamgan, Sylhet

= L8 8 Bandarban, Khagrachhari, Rangamat] 4

Tracts (3]

RN TN W Bogura, Cumillla, Dhaka, Faridpur, Galbandha, Jamalpur, Kurgram, 3
R Lalmonirhat, Madaripur, Manikganj, Munshiganj, MNarayanganj,
Matore, Chapai Mawabganj, Pabnz, Rajshahi, Rajbari, Sirajgani,
Tangail, Khulna
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Climate Districts Exposure

Zone/Hotspot Score

P Gazipur, Jhenaidah, Magura, Mymensingh, Nilhamari, Sherpur
Hazard Fromns
{RLHF) Areas [6)

Barind L8 Chuadanga, Dinajpur, Joypurhat, Kushtia, Meherpur, MNaogaon, 2
s T ST Panchagarh, Rangpur, Thakurgaon
Areas (9]
Sewrce - Source: BOP 2100 Anafysls, GED, 2015 and IC2M Podiey, 2005 (with few modification)
b} Riverbank protection as YES/NO:
Ranking as NO = 5 points, YES = 0 [if there is 2 condition parameter for this element, potentially it
can have a higher point even if there is a riverbank protection, however, this will complicate the

approach unnecessarily and the objective is to keep it very simple and improve it in future if more
relevant data becomes avallable)

c) Fresboard height can be considered as < 0.6m = 5 points, D.6-2m = 3 points, >2m=0
points,

Final Score calculated as Climate Factor = Exposure Category score + River Protection + Freeboard
height score

The min max values will be 0 and 15
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Appendix 1.5: Bridge Evaluation and Priority S5core Report (Sample from RuBIMS)

"*. Local Government Engineering Department
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Appendix-2

Sample Defect Photos and
Corresponding Condition State

1 Corrosion

152

l:mﬂﬁhn_ s MPH‘HEH and no

plate  thickness
-'ﬂd[ﬂlﬂﬂji:fﬁw
Corroded area is not wide and local

Corrosion Is - superficlal and no
significant plate thickness
reduction is found

Corroded area is widely spread
or multiple corroded places
(Area=50%)

Significant Expansion on steel plate
surface or significant plate thickness

-reﬁ.-mnn mfnund

Carroded area s not wide and local



2 Crack in Steel

Significant Expansion on steel plate
surface or significant plate thickness
reduction is found

Corroded area ks widely spread
or multiple corroded places
{AreaZ50E)

I:Hinur
Maintenance)

52
[Major
Repair)

153

Coating cracking and crack are
occurred but unlikely to reach
irmmiediately maln member even if

it progressed

Obwious crack |s occurred in except
main member and there B a
possibility that trouble in function
of structure will occur If it

progressad.



Obwviows crack is oocurred in main
member (specific part)

£s3
{Rehabilitation)

3 Loose or Missing Bolts

Loosing or missing Bolts, less than
5% of a bolts group eg. 1 /42 =
2.3%




Loosing or missing Bolts, more

than 5% of a bolts groupeg. 1/8
=12.5%

Loosing or missing Bolts, more
than 30% of a bolts group eg. 2 /
1= 66.7%

Fracture of Sway Bracing
(Secondary member)
Fracture of Railing
Fracture of Expansion Joint
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C54 Fracture of Cross Beam Fracture of
{Replacement Vertical member of Arch
of the
Component)

5 Deterioration of Paint
a) Paint system, b) Plating, Metal Spraying

Outer coat iz discolored, or partial
peeling is found

s Protective paint layer is peeled
{Minor and undercoat is exposed
Maintenance)

156



Protective paint layers are widely
deteriorated

[Areas S0, and spot
cormosion is spread

'L___h_

c) Weathering Steel

51 Eough particle of corroded metal
(No with the scale of 1-5mm
Maintenance)

157



€51 Scaly rust of protecting layer with
the scake of 5-25mm
{Mlimor
Maintenance}
C52 The corroded protecting layers are
multiply delaminated partial
(Major Doy
Maintenance)
ic53 The correded protecting layers
{Rehabilitation are multiply delaminated widely
by Replacing (Area=50%)
the
Component)
6 Crack

158



a) Superstructure (RC, PC structure)

51 Span center: Pattern 2}
(Mo Crack width is zmall
Miskntenaney Crack spacing Is large
51 Span center: Pattern 1)
{Minor Crack width is medium
Maintenance] Crack spacing is large
Support point: Pattern &)
Crack width is medium
Crack spacing Is large
52 Other type: Pattern 12)
{Major Crack width is large
Maintenanoe)

Crack spacing is large
Support point: Pattern 19)
Crack width is large

Crack spacing is large

159



Remarkable crack has ocourred at a
position  leading to collapse of

{Replacement it

of the Girder)

b) Substructure

€51 T-shaped pier: Pattern 7)
(Mo Crack width is small
Maintenance) Crack spacing s large
52 T-shaped pier: Pattern 4)
iMajor Crack width is large
Mabntenamce)

Crack spacing is large
Cwerall abutment: pattern 2)
Crack width is large

Crack spacing is large
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(Major
Maintenance)

[Replacement)

161

Rigid-frame pier: Pattern 9)
Crack width is large

Crack spacing is small
Overall abutment: pattern 4)
Crack width is large

Crack spacing is small

Remarkable crack has occurred at a
position leading to collapse of
bridge



7 Spalling / Exposed Rebar

C51 Spalling is small area and no

(No Maint.) exposed rebar

Spalling = small area, and minor
corrosion of rebar

Spalling is large area, and
significant corrosion of rebar

B Water Leakage f Effiorescence

162



Presence of water leakage from
concrete crack Little rust stain or
efflorescence is found

iSmall area)

Presence of water leakage from

cs2
Maj concrete crack Little rust stain or
Ha':'ltengnml efflorescence is found
[Large area)
53 Presence of significant water leakage
from concrete crack Significant rust
Rehabil
[ ko) stain or efflarescence is fownd

9 Fallen out of Deck Slab

163



Presence of fallen of deck slab
(Replacement)

10 Crack of Deck Slab

51
{No Repair)

Smiall crack (no moisture)
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Two-dimensional crack with
lime moisturs

(Major
Maint.)

Severe  two-dimensional orack
with heawvy moisture severs two-
dimensicnal crack with heawy
moisture

Just before the fall out of deck

11 Delamination

165



Presznce of delamination

(Major
Maint.)




12 Abnormal Spacing

Abpormal spacing  including no
(hdinor adequate transwerse spacing
Repair)

€53 The contact of both girder and chest

wall (no space
(Major {no space)
Repair)

Mo spacing of expansion joint

Abnormal spacing that the comb of
expansion joint is separated, too
large spacing of expansion joint

131 Difference in Level
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Differance in traffic direction
<Ximm

Difference in traffic direction
F0mme: Difference S20mm

Difference in traffic direction
= 30mm

14 Abnormal Bltuminous Pavement

168



51 Minor defect
{Minor Maint.} such as pavement crack
{width, w < Smm}
51 Pothole
{Mimor Maint.) Depth 30 - 50mm, and

dent with a diameter of less than
20cm

Major defect
such as pavement crack
{width, w & Smm)}

Dent with a diameter maore than
20cm

15 Functional Disorder of Bearing



Spalling and exposed rebar of
bearing bed concrete

It is not difficult to attain functional
recovery

Bearing function has remarkably
decreased

Significant corrosion
Crack in rubber bearing

There iz a risk of the girder fall off
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IHegal Gccupation

Bird's Waste

Missing of Sealing material
Collapses of embankments

Fire damage without fear of
strength reduction

Fire damage having fear of
streng:‘lh reduction

17 Defects of Reinforcing Material for Rehabilitation / Strengthening

171



Minor defect of Fiber

Minor defect of Steel Plate for
strengthening

Severe water leakage from
the strengthened concrete member

Peeling of paint system

18 Abnormal Anchorage

172



Significant deficiency
Cable breakage
Cable breakage

(fiy out of a cable)

19 Discoloration [ Deterioration of Materials

173



20 Water Leakage [/ Puddle

174

Discoloration / Deterioration
is locally (Area<50%)

Discoloration of Steel Deck

Deterioration of sealing of Exp
Joint

Discoloration / Deterioration
is spread widely {Areas50%)

Discoloration of Main beams
Discoloration of Abutment

Discoloration of  rubber
bearing



Water leakage from drainage

Puddle an pavemeant

Water leakage from Exp joint
Puddle at bearing area
Fuddle at inside girder

22 Abmormal Deflection

175



23 Deformation / Break

176

Abnormal deflection is

identified at center hinge of

Prastressed
Concrete Girder.

(attention of stiffness fall
down]

Abnormal deflecticn ks

identified at span center of
Prestressed Concrete Box
girder.

(attention of stiffness fall
down}

Severs abnormal deflection

Severe abnormal deflection



Local deformation [ break is
identified or partial missing
of member

Deformation / break has
ocourred in the member of
less effect to the load-

bearing capacity

Deformation has occurred in
‘the member of significant
effect to the main member or
the load-bearing capacity

Break has occurred in the
member of 5_igrﬂﬁ|:'ar'|1: effect
to the main member (steel

deck)

24 Accumulation of Debris

177



25 Settlemant / Tilt [ Movement

178



C52 Support of bearings or

foundation undergo
Il Maint.
el settiement
Substructure tilting / moving
by the |ateral flow
53 Substructure tilting / moving
{(Rehabilitation) significantly by the lateral
flow
54 Support of bearings or
foundation undergo
Re
IRy severs settliement
26 Scouring

179



cs2
{Major Maint.)

53
{Rehabilitation)

(Emergency
Rehahilitation/

Replacement)

R e
hidaih ey Lk o

180

Minor scouring of foundation

Significant scouwring

Exposure of the upper surface
af footing {Spread
foundation)

Exposure of top of caisson
foundation

Exposure of the footing
underside [Pile foundation)

Exposure of the footing
underside {Spread
foundation]

Largely exposure of the
footing  underside.  ([Pile
foundation)
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