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NATIONAL STANDARD TCVN xxxx: 2020

Marine Port Facilities - Maintennance Standard

1 Scope of application

1.1 This standard specifies maintenance requirements for new construction designs and existing
faccilities in order to ensure and maintain the normal, safe service of the structures according to the

designed requirements.
1.2 Marine port facilities mentioned in this standard include:
- Mooring facilities;
- Protective facilities;
- Waterway and basin;
- And some other types of works (when conforming to the requirements of this standard);

- This standard does not cover construction items such as floating pier and mooring buoys and
other floating facilities.

2 Refered documents

The following reference is needed for the application of this standard. For dated references, these
publications are applied. For undated references, the latest version of the publication referred to applies

including all amendments and supplements (if any).

TCVN 9346-2012  Concrete and Reinforce concrete structures — Requirement of Corossion protection

in marine invironment,

TCVN 9357: 2012 Normal concrete - Nondestructive methods - Assessment of concrete quality using

ultrasonic pulse velocity,

TCVN 9334-2012 Heavy weight concrete — Method for determination of compressive strength by

rebound hammer,

TCVN 9346-2012  Reinforced concrete structures - Electromagnetic method for determining thickness

of concrete-cover and location and diameter of steel bar in the concrete,

TCVN 9348: 2012 Reinforced concrete - Determining corrosion activity of reinforcing steel - Potential

method,

TCVN 8785-1+13: 2011 Paint and coating for metal protection — Method of tests — Exposed to

weathering conditions,
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TCVN 8789-2011  Corrosion protection of steel structure and steel bridge by protective paint systems

— Specifications and Test Methods,

TCVN 10264: 2014 Cathodic protection for steel structures of marine ports and marine constructions —
The design standard

TCVN 11197: 2015 Steel piles - Guide for corrosion protection methods.

QCVN 72: 2014/BGTVT National Technical Regulation on Classification and Building of Single of Point
Moorings and Floating Light Buoys

This section will be updated during the drafting process

Reference document

TCVN 11820-1:2017 Marine port Facilities — Design requirement — Part 1: General

TCVN 11820-2: 2017 Marine port Facilities — Design requirement — Part 2: load and action.
TCVN 11859: 2017 Marine port Facilities — Costruction and acceptance

Technical standards and commentaries for Port and Harbor Facilities in Japan, OCDI 2009.
Maintenance Manual for port facilities —CDIT 2007.

Guidelines for inspection and diagnosis of port facilities PHB MLIT 2014.

(ASCE manuals and reports on engineering practice no. 130) -Waterfront facilities inspection and
assessment -American Society of Civil Engineers (2015)

3 Terms, Definitions and abbreviation

This standard uses the terms and definitions as the following:
Maintenance of marine port facilities

Is a set of jobs to ensure and maintain the normal and safe work of the project in accordance with the
design in the process of exploitation and use. Contents of maintenance of construction works may include
one, several or all of the following jobs: Inspection, monitoring, quality control, take care and repair of

construction but excluding activities to do change the function, the scale of the project
Marine port facilities maintenance procedures

Is a document regulating the order, content and instructions for performing maintenance works of marine

port facilities.
Inspection marine port facilities

Is the visual check or with specialized equipment to assess the status of marine port facilities to detect

signs of damage to the project.
Monitoring marine port facilities

It is the activity of observation, measuring, recording the changes in geometry, deformation, displacement

and other technical parameters of maritime works and surroundings environment over time.



(Draft)
TCVN xxxx: 2020

Inspection and evaluation of marine port facilities

Is the activity of inspection and assessment the quality or causes of damage, the value, use duration and
other technical parameters of the construction or a part of the construction through monitoring and

experiments in combination with the calculation, analysis.
Routine maintenance of marine port facilities

Is activities (observation, take care, repair of minor damages, take care of equipment installed in the
project) are carried out regularly and periodically to maintain the marine port facilities in the normal

exploitation, usage status and limit the occurrence of construction damage
Repair of marine port facilities

It is the restoration of construction’s damages, discovered during exploitation and use, to ensure the

normal and safe performance of the construction.
Designed service life

Is the period of time that the construction is expected to be used, ensuring safety and
performancerequirements. Designed service life is prescribed in the relevant technical regulations and
standards and the task of designing construction.

Service life

Is the period of time that the construction is actually used, ensuring the safety and performance

requirements of construction.
Life-cycle management

Is the methods that used to manage structures from project planing to the end of their service life
(including design, construction, maintenance) to achieve functionality, quality and efficiency cost for the

entire time of project exploitation.
Life-cycle cost

The life cycle cost of a structure is the sum of the cost of each stage in the life cycle of the facility, including

the cost of planning, design, construction, operation, maintenance, replacement and demolition.
Deformation chain

Is the process of deformation development and the causes of deformation occurring for marine port

facilities.
Maintenance limit

Is the state of the structures that begins to deteriorate or deform. Maintenance limits are usually set right

from the design step to ensure the structure is always maintained as soon as possible.
Performance requirements limit

Is the state of the structures where deterioration or deformation begin to make the structures unable to

meet the required features of the design.
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Principle of maintenance

The order and method of maintenance described in this standard are based on the maintenance

philosophy according to the maintenance method of according to Japan (CDIT 2007).

4.1

Overview

Maintenance of Marine Port facilities should be conducted strategically.

1)

2)

3)

4.2
42.1

1)

Marine Port facilities should remain in service for along period of time, so as to properly maintain
their functions. Itis therefore essential to give an appropriate consideration during the initial design

of the relevant structures, as well as to conduct proper maintenance since their service starts.

Since Marine Port facilities generally face severe natural conditions, they often tend to suffer from
performance degradation over their service life, due to material deterioration, damage of
components, settlement of foundations and scouring and sedimentation around them.
Accordingly, the facilities should be maintained systematically and appropriately so as to
continuously satisfy the performance requirements over their service life. A maintenance program
shall stipulate a basic principle of effective maintenance, basic maintenance procedures, and a

sries of inspection procedures, methods, contents, timing and frequencies.

Marine port facilities should be appropriately maintained taking the following factors into
consideration: (1) natural condition, (2) facility use plan, (3) importance and substitutability, (4)
designed service life, (5) structure type, component and material characteristics of the facilities,
and (6) difficulty level of inspection and intervention/ Countermeasure.

Maintenance content
General

A rational and efficient maintenance of the facilities may follow a series of maintenance

procedures, based on the Life-Cycle Management (LCM) concept as shown in Figure 1. More

specifically, a series of maintenance procedures are:

10

Preparation of maintenance program referred to in Appendix F,
Standardized inspection of current status of the facilities,

Evaluation of residual performance and prediction of future performance degradation of the

structure or components, based on the inspection results,
Comprehensive evaluation using future facility using plan, remaining service life of the facilities,

Implementation of necessary countermeasure works based on the comprehensive evaluation.
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Figure 1 — Flow of maintenance based on life-cycle management
2) Quantitative evaluation and prediction of future performance degradation of the structure or
components, based on the inspection resuls, are essential to the LCM — based maintenance.

3) It is necessary to continouosly make every effort to establish evaluation and prediction techniques
for every type of structure and deformation as quantitatively and objectively as possible, while no
techniques are yet available for every type with our current knowledge.

Methods for predicting the progress of deterioration and deformation are discussed in Clause 7
4.2.2 Inspection

Efficient detection of deformations that occur to port and harbor facilities requires implementation of
systematic and appropriate inspection based on the concept of the deformation chain. Detailed content

is presented in Clause 5.
Inspection may be divided into the following five categories 1) through 5).
1) Initial inspection:

Initial inspection is performed after completion of the facility or after repair of the facility or at the beginning
of the maintenance stage in order to determine the initial condition of maintenance and acquire initial

values for the data to be collected in subsequent maintenance work.
2) Regular inspection:

- Regular inspection equates to the patrols performed by Port Owner or users on a daily basis.
Depending on the type of facility, regular inspection may be frequently performed, in cases such as the
apron in a set of mooring facilities, or auxiliary facilities or longer for the problem of deterioration,

degradation of the main structure. These frequent inspections are mostly carried out through visual

11
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observation.

- Some of the important points to inspect in regular inspection include deterioration and degradation

of the main structure above the sea level referenced in Appendix B.
3) Periodical inspection:

- Periodical inspection for the existence and degree of deformations should bemade on a regular
basis in order to keep track of the performance of components. Periodicalinspection is divided into two
types: Periodical inspection by visual observation and Periodical inspection by advanced methods.
Periodic inspection is conducted by visual observation and simple measurements for structural
components above sea level and advanced methods for difficult parts to check. Detailed contents periodic
inspection referred to in Clause 6 and Appendix A. Periodic inspection must be carried out by a qualified

consultant in accordance with the law.
4) Special Purpose inspection:

- Special inspection aims to check for the existence of and confirm the degree of any deformations
at the earliest stage possible immediately following an abnormal situation such as an earthquake, storms,
crashing ships, fires, tsunamis ora special anomaly has been detected by a regular inspection when an
unforeseen anomaly has been confirmed or similar events. The special inspection contents are
conducted mainly focusing on items affected by the identified abnormal causes. If the abnormal problem

is caused by a serious and complex problem, a detailed inspection should be carried out.
5) Detailed inspection:

- This inspection is conducted when a special anomaly has been detected by a periodical inspection
or special inspection or when an unforeseen anomaly has been confirmed. Detailed inspection content

is propose by the repair design consultant and approved by the Owner.

The types of inspection and their positions within the maintenance management system are shown in
Figure 2. When inspection of any type is conducted, the current status of the structure, component or
part shouldbe diagnosed by using appropriate inspection and/or investigation methods, and from the
viewpoint of theresidual performance of the structure, component or part, the degree of deterioration is

judged. Judgment of thedegree of deterioration is explained in Clause 6.

The result data of inspection should be kept in the maintenance records. Methods regarding records are

present in Clause 9.

12
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Figure 2- Types of inspection and their positions in the maintenance system
4.2.3 Monitoring

Project monitoring is the activity of observation, measuring, recording changes in geometry, deformation,

displacement and other technical parameters of the building and surrounding environment over time.
. List of works, parts of marine works compulsory monitoring include:
- Marine Port facilities special grade and class I;

- Marine Port facilities with signs of subsidence, cracking, tilting or other abnormalities that may

cause collapse of works

. The monitoring contents for this works specified in Class | are prescribed in the maintenance
process of Marine Port facilities including: monitoring positions, monitoring parameters and limit
values of this parameter (eg tilt, subsidence, crack, bending ...), monitoring time, quantities of

measuring cycles and other necessary contents.

13
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4.2.4 Comprehensive evaluation

Based on the inspection results, a comprehensive evaluation shall be made regarding whether measures
to deal with the problems, if any, will be taken or not, while considering the degree of facility performance
remaining, the possibility of retention of the performance requirements during the remaining service life,

usage planning for the facility and degree of importance.

Comprehensive evaluation involves summarization of the inspection results for the components and
portions of the facility, organization of the data regarding occurrence or progress of damage, deterioration
and other deformation for the entire facility, and evaluation of the level of performance degradation of the
facility. Following this, future facility usage planning, degree of importance, financial restrictions,
restrictions posed byfuture maintenance and other factors should be taken into consideration in the
investigation and determination of methods for carrying out the required countermeasures and the timing

of their implementation.

Clause 6 presents a proposed judgment approach for use in comprehensive evaluation. This approach
is used as a reference when comprehensive evaluation is performed. The following policies for facility

maintenance should be reviewed prior to comprehensive evaluation:

° Determination of the components or portions to be repaired or reinforced on an urgent basis and

the basic methods to be used

° Determination of the components and portions that need to be kept under observation for the time

being
. Determination of whether it is necessary to apply restrictions to or suspend use of a facility

. Determination of whether or not it is necessary to change the inspection program (timing or

method of the next inspection, etc.)
. Judgment regarding renewal or demolition

. Determination of whether or not the urgent measures are necessary

Reviews should also be made regarding future changes to the inspection program, with the review results

being incorporated into the maintenance program as feedback reflecting the results of countermeasures.
4.2.5 Determination of the remaining sevice life

Determination of the remaining sevice life is based on the comprehensive evaluation results presented
in Clause 6 and prediction for process deterioration. The detailed content of the prediction for process

deterioration are presents in Clause 7.

The time when a work is deemed to be unusable must be considered based on the following factors:

1) Exploiting plan of Port's owner
2) Safety for using people and equipment
3) The maintenance program has been approved....

14
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4.2.6 Countermeasures
Countermeasures shall be suitably performed as required by the results of the comprehensive evaluation.

Implementation plans for countermeasures are formulated based on the results of the comprehensive
evaluation. The comprehensive evaluation will, to a certain level of accuracy, determine the type of
countermeasure to be taken and when it should be implemented. Inspection generally aims to obtain the
basic data necessary for determining whether or not countermeasures are required. The
countermeasures generally selected will be enhanced inspection, repair, reinforcement, demolition or

replacement.
Countermeasures applicable to steel and concrete structures are presents in Clause 8.
4.2.7 Records

1) Results of initial inspection and diagnosis, daily inspection, regular inspection and diagnosis, and
provisional inspection and diagnosis, as well as assessment results for performance drop shall be

recorded and stored using appropriate methods.

2) Inspection and diagnosis results and comprehensive evaluation results shall be recorded in a

fixed format to enable easy referencing.

3) As arule, records of inspection and diagnosis results and comprehensive evaluation results shall

be stored throughout the service life of said facility.
4.3 Maintenance Strategy

To conduct efficient maintenance, it is recommended that methods of inspection, investigation, and repair
be investigated and postulated in advance during each structure’s design and construction stage so as
to facilitate maintenance work after completion of the structure. However, it is not easy to maintain the
serviceability of the structures constituting these facilities for such a long period of time under severe
environmental conditions. Therefore, the maintenance program should be prepared in advance in order
to envisage how to maintain the performance requirements of the port or harbor facility. Looking from the
viewpoints of the purpose of the facility, its service life, the performance requirements, the design concept,
and its substitutability, it is necessary to decide on one of the following three levels of maintenance as
the basic maintenance policy, design the facility so that it will show an initial performance that satisfies

the selected maintenance level, and formulate an appropriate maintenance program.
1) Maintenance Level |

The degree of deformation is controlled during the service period so as to stay outside the range of the
maintenance limit. As shown in Figure 3, when predicting deterioration or deformation of components
during the stage of design and formulation of the maintenance program, this is the level of maintenance
of components at which it is ensured that deformations affecting their performance are sufficiently minor

during the service life (that is, the maintenance limit is not reached).

15
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Initial value

 —

Maintenance limit

Performance of
component

Performance reguirements limit

Years elapsed
End of service period

Figure 3 - Maintenance Level |
2) Maintenance Level Il

At the stage where damage and deterioration remains minor, small-scale measures are frequently taken
to prevent performance degradation from resulting in a state not satisfying the performance requirements
during the service life. Deterioration and deformation that may affect the performance of component
during the service life can generally be predicted at the design stage and maintenance programming
stage. As shown in Figure 4, Maintenance Level Il is the maintenance policy of components in which a
program of proactive measures to be taken in the maintenance stage is incorporated into maintenance
program as early as in the design stage so that, from the start, it is anticipated that repair work to

components will be performed.

Initial value

Maintenance limit

Performance requirements
limit

Performance of component

Years elapsed
End of service period

Figure 4 - Maintenance Level I
3) Maintenance Level Il

Damage and deterioration are dealt with after the occurrence of deformation followed by a degree of
progress in performance degradation by taking major measures once or twice in the service life while
tolerating, to some extent, performance degradation caused by damage or deterioration as long as it
does not compromise compliance with the performance requirements. Degradation of component

performance during the service life resulting from anomalies can generally be foreseen during the

16
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formulation of the maintenance program, which includes prediction of component deterioration and
deformation. As shown in Figure 5, when it is difficult or uneconomical to conduct proactive maintenance
during the service life, Maintenance Level Il is the maintenance policy for components for which
breakdown maintenance is taken before deterioration or deformation begins to result in a state not

satisfying the performance requirements.

Initial value

-
-
»
-
-
3
-
s
[
>
»
>

Performance
requirements limit
= Maintenance limit

SEEsEEsEESEREEEY
>

Performance of
component

Years elapsed
End of service period

Figure 5 - Maintenance Level llI

If a new facility is designed and constructed, it is necessary to set its initial maintenance level in
accordance with the principles in this TCVN. In addition to those described here, it is effective to introduce
into the initial design and construction stage any ideas that will help facilitate maintenance work during
the service life. Specifically, effective ideas may include:

o Installation of inspection panels or scaffolding
o Installation of sensors for monitoring

o When measures such as repairs are planned, arrangements that facilitate their easy

implementation

o Arrangements that facilitate replacement of deteriorated components when necessary

Since various consideration and performance verification are generally made to the design of the
structure based on the assumption that construction work will be executed conforming to the appropriate
construction standards, sufficient consideration needs to be given to avoiding defective workmanship
resulting in initial defects. This also applies when countermeasures are done during the maintenance
stage.

There are several strategies for maintaining the performance of a facility at or above the level required.
Two basic strategies are shown in Figure 6. The strategy in (a) is to repeat repair work several times in
order to keep the facility in service until the expiration of the service life. In this strategy, each repair event
should be relatively simple and require only a small cost. The other strategy (b) is to carry out a single
repair such that thefacility is kept in service for the remainder of its service period. The repair work to be
provided under this strategy should be thorough. In the case of this strategy, it is imperative that the

effects of the repair are proven to continue for a long period of time, and repairs of this kind are generally

17
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considered to be very costly.
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Figure 6 — Maintenance strategies

Although time is necessary for the selection and formulation of countermeasures, urgent measures

should be taken immediately when the deterioration likely to affect third parties’ safety is detected.

If the current degree of performance degradation is small but deformation is expected to go forward in

thefuture, frequent inspection should be enhanced.

5 Deformation patterns in marine port facilities and maintenance
51 Introduction

5.1.1 Scope

This part aims to bring together the types of deformation that occur to marine port facilities, their causes,
and the processesby which they develop consider edinterms of the concept of the “deformation chain”

and presents an outline and important points to note regarding maintenance;
1) Deformation Patterns in Marine Port Facilities

- Major deformations to be addressed in this part include movement of the body of the structure
itself such as through sliding, subsidence or inclination; subsidence or scattering of mounds, armor
stones, rubble mounds, or wave dissipating blocks; flow-out of fill and backfill materials; cracking or
subsidence of aprons; washing away of seabed soil; and other changes attributable to deterioration of

concrete, steel and other materials;

- Deformations occurring to marine port facilities include deterioration that progresses slowly over
a period of years and damage that occurs suddenly after a typhoon or earthquake. These are

collectively referred to as “deformation” of a structure or a component, and in addition to these changes,

18
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displacement or movement that occurs to a structure or acomponent is also included in this definition

of "deformation";

- Deformation occurring to marine port facilities may be largely divided into three categories
based on the process of occurrence and development: (1) progressive deformation, (2) sudden
deformation and (3) intermediate deformation. It is standard procedure to conduct maintenance based
on information on the type, cause and degree of deformation.

2) Maintenance of Marine Port Facilities

- In conducting maintenance, it is also necessary to perform a comprehensive review of the
natural conditions surrounding the facility, facility usage status and future plans, the service life, degree
of importance, substitutability, and ease of inspection and maintenance work as well as of the structural
type of the facility, structural characteristics of its constituent components, and the type and quality of

constituent materials;

- The method of inspection for deformations occurring to port and harbor facilities, the method of
evaluation and prediction of facility performance, and the type of countermeasures and method of
selecting them will be discussed in Clause 8 and other parts.

5.1.2 Purpose

1) In the maintenance of a port or harbor facility, major deformations shall be selected, and
appropriate maintenance measures shall be performed to solve the issues presented by those

deformations.

2) In selecting major deformations, the deformation chain, that is, the whole development process
of the change, consisting of its cause, occurrence and influence, and the resulting deterioration of facility

performance, shall be fully considered.
5.2  Waterways and basins
5.2.1 Scope

1) Among the various types of Marine port facilities, this chapter provides the standards specifically

applying to appropriate maintenance of waterways and basins.

2) Water ways and basins shall be appropriately maintained to ensure smooth navigation and

mooring of vessels.
5.2.2 Deformation chain and major points to note regarding maintenance
1) The location of the waterways and basins is shown in Figure 7.

2) In maintaining fairways and berths, the mechanism of the deformation chain pertaining to burial
shall be fully taken into consideration, appropriate inspections conducted, and necessary measures taken

based on the results of comprehensive evaluation.
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Figure 7 - The location of the waterways and basins
3) In conducting inspection of fairways and berths, the appropriate inspection method and timing

shall be selected by giving full consideration to the burial mechanism so that signs of the seabed rising

due to burial can be detected as early as possible.

4) In cases where there is a danger of insufficient water depth due to burial, appropriate measures
shall be taken by analyzing the mode of burial based on a full review of its cause and considering the

varying impact and economic efficiency of solutions.

5) The causes and major points to note regarding maintenance of burial of fairways and berths are

summarized as follows:
- Entry and deposition of drift sand by high waves or water flows;
- Sedimentation and deposition of sediments that have flowed in from rivers;
- Settlement and deposition of blown sand;
- Formation of sand waves;
- Slope failure in fairway areas;
- Movement of sediments or a change in the deposition location due to a disturbance in the port.

Figure 8 represents, as a deformation chain, the processes by which burial occurs and develops in the
waterways and basins of a port shielded by breakwaters. As shown in the figure, the mode of burial varies
depending on its cause. This should therefore be taken into consideration when developing or selecting

the measures to be taken.
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Figure 8 - Deformation chain for burial affecting waterways and basins
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5.3 Protective facilities
5.3.1 Scope

1) Protective facilities include breakwaters (concrete caisson breakwaters, sloping breakwaters,
and upright breakwaters), seawalls, embankments, levees and other facilities.

2) Breakwaters are types of structures that reduce wave impact on port facilities and prevent

sedimentation for waterways and basins.

3) The principles stated in this part may also be applied to the maintenance of protective facilities
other than those mentioned above.

4) Protective facilities shall be appropriately maintained against the accumulatio noftemporary or
long-term deformations, and component damageor deterioration, such as is caused by wave setc, so as

to ensure that they satisfy performance requirements, including safety and serviceability.

5) Typical structure of protective facilities with structure of caisson breakwater is shown in Figure 9,
sloping breakwater shown in Figure 10.

Parapet
Superstructure
_ Caisson [ Port Side
Offshore Side
"
— Foot Protection
Wave Block
Dissipating
Armor Stone Block Armor Stone

¢

AT T T E EAND NN

W
*'F Mound Stone

Figure 9 - An example of concrete caisson breakwater
Offshore Side Port Side

Superstructure

Wave Dissipating Block

Wave Dissipating Block
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.‘? Rubble Stone

# 1 L
/ *,

Armor Rock Armor Rock

Figure 10 - An example of Cross Sections of Sloping Breakwater
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5.3.2 Deformation chain and major points for maintenance

- In maintaining protective facilities, fullconsideration shallbe given tostructuraltype and the
mechanism of the deformation chain, and appropriate inspection and evaluation shall be performed

and necessary measures taken.

The major cause of deformations chains of breakwaters are wave. More additional, there are other
deformation chains caused by earthquakes, impact by a vessel, tidal level differences, ground
consolidation subsidence, temperature changes and deterioration of materials. Therefore, it is
desirable that, in maintenance, full consideration be given to these conditions.

1) The deformation chain of a protective facility is illustrated in Figure 11, taking a concrete caisson
breakwater as a typical example. This chain starts from the phenomenon as follows:

- Scattering of ground or amor stones covering mound;

- Sliding, inclination and subsidence of of caisson;

- Cracked / damaged superstructure or breast wall;

- Cracked / damaged of main works;

- Subsidence and scattering of wave dissipating blocks.

- Therefore, these deformations can be used as criteria to assess whether the structure of the

facilities has begun to deteriorate. Moreover, because deformation at the initial stage often occurs in the

water, so inspection the existing layers of stones and seabed is necessary.

2) The deformation chain of a protective facility is illustrated in Figure 12, taking a sloping
breakwater as a typical example. This chain starts from the phenomenon as follows:

- Scattering of ground or amor stones covering mound;

- Slip failure of ground of seabed,;

- Sliding/ upside down of superstructure;

- Bearing capacity of the foundation;

- Susidence/ Collapse/ Sliding the rubble mound and foundation;

- Subsidence and scattering of wave dissipating blocks.
3) From the results of inspection of the protective facilities, a decision shall be made on whether
or not countermeasures are necessary by accurately evaluating the impact on facility performance and

considering the maintenance level offacility, degree of importance, service life, ease or difficulty of the

measure under consideration.

4) When a measure is judged to be necessary, the correct implementation method and timing shall
be determined by giving comprehensive consideration to the expected improvement in facility
performance, economic efficiency, ease or difficulty of construction that the measure involves, and

other factors.
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- For deformations to the embankment, possible corrective methods include those which enhance
the ability to resist the changes (installation of rubble for rearward widening of the levee, increasing the
rubble width behind the levee, and installation of square concrete blocks), those which reduce wave
pressure (installation of wave dissipating blocks in front of the levee), and combinations of the two.

Measures against deformations such as covering work or ground consolidation work.

Cracking or delamination of the caisson or the superstructure is generally repaired with filling materials
and so on. Details are discussed in Clause 8.
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Figure 11 - Deformation chain affecting concrete caisson breakwater
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54 Mooring facilities
5.4.1 Scope

1) Mooring facilities include gravity type quay walls, sheet pile quay walls, piers. This chapter
describes some representative examples, namely caisson quaywalls, steel sheet pile quay wallsand
open-type wharves supported on vertical piles. The principles stated in this chapter can also be applied
to the maintenance of other types of mooring facilities.

2) Deformations of the progressive type that are commonto all types of mooring facilities include
damageto fenders and curbings. The basic principle applying to maintenance of the seancillary
equipment is to replace them when, as are sult of the progress of change, they have lost their original

capabilities.

3) Mooring facilities shall be appropriately maintained so that performance requirements regarding
safety, repairability and serviceability are satisfied not withstanding accumulation of deformations over

time, or damage or deterioration of components.

4) Typical structure of berth structure with structure of caisson quaywalls is shown in Figure 13,

Parapet (RC or Plain)

/ Sand Protection Plate
Apron

Z 1

e HAL
V. Water level Sand

LWL g;lotectlon

- eet
Backfilling
Rock

Caisson

Seabed
it )

\ Rock Mound

Figure 13 - Example of structure of caisson quay wall

5.4.2 Deformation chain for gravity type quaywalls and major points for maintenance

1) The causes of deformation chain for gravity type walls include waves and flow, collision force of
vessel or drifting object, tidal differences, subsidence due to ground consolidation, cargo loading and

earthquakes. Therefore, in maintenance, it is necessary to fully consider these conditions.

2) The deformation chains for caisson quaywall is shows in Figure 14. The deformation chains

shown in the figure by broken lines are of the sudden type. This type of chain can also be applied to other
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types of gravity type quay wall. This chain starts from the phenomenon as follows:

- Subsidence or inclination of caisson or backfill materials caused by subsidence due to

consolidation of the ground,
- Subsidence and inclinationof caisson and superstructure crest;
- Outflow of backfill soil;
- Collapse and wear of apron;
- Slip failure of slope protection;
- And including such simple deformation: the damaged edges or fender.

3) Since the changes that occur to the structural elements of agravity type quay wallare strongly
interrelated, when reviewing inspection methods, inspection itemsand methods that ensure efficient

andeffective inspection shall be selected inaccordance with the principles of deformation chains.

4) From the inspection results of the gravity type quay wall, a decision shall be made on whether or
not measures are necessary by accurately evaluating the impact on facility performance and considering
the level of facility maintenance, degree of importance, service period, status of facility use and future

plans, difficulty of implementing the measures.

5) When a measure is judged to be necessary, the correct implementation method and timing shall
be determined by giving comprehensive consideration to the expected improvement in facility

performance, economic efficiency, workability, and the impact on loading work and other usage.

- For mooring facilities, performing measures such as repair may cause disturbance to loading
work, or require restrictions on use of the facility or service shut down. Therefore, attention should be

paid to the stand point of facility users.

- For gravity type quaywalls, most deformations affect the functional aspects of the facility, a
stypified by such results as the subsidence or collapse of the apron. The solutions tothese problemsare
advisable to accurately evaluate the effects on facility safety and implement repai and other measures

as soon as possible.

- If it is decided to solve the subsidence of the superstructure by raising the height of the
breakwater, it is necessary, after this has been performed, tore-inspect the safety and stability of the

breakwater section ofthe facility.
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5.4.3 Deformation chain for sheet pile quay walls and major points for maintenance

1) A steel sheet pile quay wall with anchor is a typical structure of sheet pile quay wall, which shown

in Figure 15, in which:
- The quay walls is steel sheet pile, Steel pipe pile or Prestressed reinforced concretesheet piles;
- Anchor system is a system of oblique piles anchor walls with vertical piles or anchors plate;

- The anchor of steel bar linked between the berth wall at the front and the anchor structure at the

back.
Parapet/ Superstructure
\ Sand Protection
Shest Apron Pavement
e FLWL d_ll
_ EL'H.L
Steel Sheet ~ —s
Pile
AR Timber pile
Figure 15 - Example of structure ofsteel sheet pile quay wall with anchor
2) The causes of deformation chain for sheet pile quaywalls include waves and flow, collision force

of vessel or drifting object, tidal differences, subsidence due to soil consolidation, cargo loading and

earthquakes. Therefore, in maintenance, it is necessary to fully consider these conditions.

3) The deformation chains for sheet pile quay wall is shows in Figure 16. The deformation chains
shown in the figure by broken linesare of the sudden type. This chain starts from the phenomenon as

follows:
- Movement of anchor plate;
- Subsidence and damage of apron;
- Cracking and damage of sheet pile;
- Unevenness of the faceline;
- Collapse and wear of apron;
- Damage to fender beam or mooring post or car stop;

- Corrosion of sheet pile.

30



(Draft)
TCVN xxxx: 2020

- When concrete sheet piles such as PC sheet piles are used, in place of steel corrosion,

maintenance should focus on damage and deterioration of concrete members.

- Typical of progressive deformation for sheet pile quay walls include damage of the apron due to
consolidation subsidence of fill materials and destruction of the facility as a whole due to corrosion of
steel sheet piles.

- Typical sudden deformations for sheet pile quay walls occur through such processes as those in
which soil pressure on sheet piles is increased by an earthquake, resulting in marked increase in the
reaction on tie rods, ultimately moving the anchor plates or making the piles or anchored sheet piles
deform to create unevenness of the faceline of the quay, or those in which fill materials settle due to an

earthquake to eventually damage the apron.

4) Since the changes that occur to the structural elements of a sheet pile quay wall are strongly
interrelated, when reviewing inspection methods, inspection items and methods that ensure efficient and

effective inspection shall be selected in accordance with the principles of deformation chains.

- The deformation chains affecting steel sheet pile quaywalls that are particularly pivotal are

generally those related to corrosion of the steel sheet pile sand subsidence or collapse of the apron.

5) From the inspection results of the sheetpile quay wall, a decision shall be made on whether or not
measures are necessary by accurately evaluating the impact on facility performance and considering the
level of facility maintenance, degree of importance, service life, status of facility useand future plans,

difficulty of implementing the measures.

- The deformation chain relating to corrosion of steel sheet piles leads to degradation of facility
safety, while most of the other change chains lead to functional degradation of the facility. Therefore, it is
necessary to review not only facility safety but also serviceability when evaluating deformations. At the
same time, it is desirable to give full consideration to plans for future use in addition to the circumstances

relating to current usage.

- For sheet pile quay walls with no corrosion protection, the corrosion rate should be calculated
from measurements of the steel sheet pile thickness and future values for remaining thickness predicted.

These rules also apply to other kinds of steel structure such as the substructure of a pier.

6) When a measure is judged to be necessary, the correct implementation method and timing shall
be determined by giving comprehensive consideration to expected improvement of facility performance,

economic efficiency, workability, and the impact on loading work and other usage.
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5.4.4 Deformation chain for piers and major points for maintenance

1) Typical structure of berth structure with structure of Piers is shown in Figure 17,
Retaining Wall
Superstructure
Fender / Apron behind
Retaining Wall
Water level -—“—F ' IT! H -

5

i 13 i1
Protection —
L~ N Backfilling
//“ Rock
Seabed AT

. Steel or Concrete Pile

Figure 17 - Example of structure of pier

2) Piers shall be maintained giving full consideration to structural type, environmental conditions and
the mechanism of deformation chains, performing appropriate inspection and evaluation and taking

necessary measures.

- The deformation chains applying to open piers with gravity type retaining walls are summarizes
in Figure 18. The deformation chains shown in the figure by broken lines are of the sudden type. This
change chain diagram is also applicable to the maintenance of mooring facilities of a structural type
consisting of a superstructure and substructure, such as a quay wall with relieving platform. When
Reinforced concrete piles are used, in place of steel corrosion, maintenance should focus on damageand

deterioration of concrete members.

- For maintenance of retaining walls constructed behind the pier, the respective maintenance

methodologies for gravity type quay walls and sheet pile quay walls may be applied.

3) Typical changes occurring to the piers themselves include, for the progressive type, corrosion of
piles and cracking in the superstructure and, for the sudden type, damage of the superstructure concrete
and damage or dropping of access bridges attributable to the uplift pressure exerted by waves.

- The superstructure of a pier is generally composed of concrete members such as of reinforced or
prestressed concrete etc. As the environmental conditions to which the pier superstructure is exposed
are highly demanding for concrete members, the deterioration rate of the superstructure is considerably
higher than in other, land-side structures. Therefore, the impact of the environmental conditions on the
occurrence and development of changes should be fully considered when maintaining the pier

superstructure.
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4) Since the changes that occur to the structural elements of a pier are strongly interrelated, when
reviewing inspection, inspection items and methods that ensure efficient and effective inspection shall be

selected in accordance with the principles of deformation chains.

- The chains of progressive deformations are largely divided into pile corrosion and concrete
deterioration. Deformation chains starting with pile corrosion are directly connected to the occurrence and
development of subsequent changes. For some chains, pile corrosion can immediately result in damage
or safety degradation of constituent members. Thus, when dealing with these chains, it is necessary, as
aminimum, to discover pile corrosion in its initial stages and it is therefore advisable to conduct periodical
inspection. For deformations connected to concrete deterioration, as a cyclic chain is formed between
cracking of the superstructure concrete and corrosion of reinforcing bars, periodical inspection to find

either of these stages is recommended.

- For change chains affecting collapseor subsidence of access bridges, proactive maintenance
that prevents the changes from spreading out side the access bridges is recommended in order to ensure

efficiency of subsequent corrective measures, including repair work.

5) From the inspection results for the piers, adecision shall be made on whether or not measures
are necessary by accurately evaluating the impact on facility performance and considering the level of
facility maintenance, degree of importance, service life, status of facility use and future plans,

environmental conditions, difficulty of implementing the measures.

6) When a measure is judged to be necessary, the correct implementation method and timing shall
be determined by giving comprehensive consideration to expected improvement infacility performance,
economic efficiency, workability, environmental conditions, and the impact on loading work and other

usage.

- When performing measures such as repair for mooring facilities may cause disturbance to loading
work, or require restrictions on use of the facility or service shutdown. Therefore, attention should be

paid to the stand point of facility users.

- When maintaining the superstructure of a pier, it is advisable to perform quantitative evaluation
of performance degradation due to rebar corrosion, predict the process of deterioration in the future
using an appropriate method, consider the environmental conditions, and determine the method and

timing of repair.

- Prediction of concrete member deterioration is discussed in Clause 7, while repair and
reinforcement methods are explained in detail in Clause 8. If inappropriate measures are selected or the
timing of implementation is unsuitable, signs of fresh deterioration canswiftlyre-emerge after

implementation. Therefore, special attention should be paid to making an appropriate selection.

- The basic concept for measures against the corrosion of steel piles used in piers that have

nocorrosion protection is the same as that for corrosion of the sheet piles of a sheet pile quaywall.
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6 Periodic inspection and evaluation for maririne port facilities
6.1 Overview of periodic inspection and evaluation for mairine port facilities:
6.1.1 Introduction

This section relates to inspections of Mairine port facilities and evaluation of these facilities based on the

inspection results.
6.1.2 Periodic Inspection of mairine port facilities

Systematic and periodical inspection is indispensable in the appropriate maintenance of mairine port
facilities, and the inspection methods and results should be such as to allow reliable performance

evaluation of the facilities to be conducted.

Periodical inspection is performed in order to discover, as efficiently and early as possible, the occurrence
and development of any deformations that may arise as the facility is put to use. Periodical inspection
should be conducted systematically and continuously based on a predetermined inspection program.
This allows acquisition of sequential data regarding the occurrence and development of deformations
and, through comparison with initial and past inspection results, enables accurate evaluation of the impact
of the detected deformations on facility performance. The details of periodical inspection are explained

for each facility from Subclause 6.2 to 6.4 of this part onwards.
1) Content of periodic inspection

Periodic inspection includes visual inspection with simple measurement and advanced method testing

for difficult parts to check.
o Visual inspection

- Periodical inspections are performed for each part or component of the structure. They need to
be conducted periodically and continuously in order to monitor the progress of deformations. In general,
they confirm deformations that have occurred to the outside of a facility by visual observation and include

judgment of the degree of degradation of the affected parts using the appropriate judgment criteria.

- This Standard classifies degree of degradation, as determined by the judgment criteria, into four
levels (a, b, c and d) as shown in Table 1 Simple investigation devices such as scales, rods, levels or
transits, or other pieces of measuring equipment such as inspection hammers, binoculars, or crack scales

may be used to support visual observation.
- General periodical inspections are often performed by visual observation on the entire facility.

- The standard inspecting level for periodical inspection of each type of facility is shown in Table 2.
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Table 1 - Descriptions of inspection results

Judgment on the degree of

deterioration Condition of part or component

a Performance of the component has seriously deteriorated

b Performance of the component has deteriorated

Performance of the component has not deteriorated, but some
deformation is occurring

d No deformation identified

Table 2 - Standard levels of Perodic inspection and evaluation

Inspection (a, b, c,

Facility and d)

Evaluation (A, B, C, and D)

Per design water

Waterways and basin depth

Per design water depth

The standard level of inspection is every facility.

. But when the facility is long, the level should be
Per caisson or each

Breakwater . appropriately determined, using 200 to 500 m as
structural section e : , .
a guideline, in accordance with considerations of
structural type and service period.
Gravit Per caisson or each | The standard level of inspection is every facility.
ravity structural section But when the facility is long, the level should be
Embankment or . ) )
levee appr_oprl_ately determined, using 200_ to 50_0 m as
Sheet Per span of the a guideline, inaccordance with considerations of
pile superstructure structural type and service period.
Gravity Per caisson
_ 3 Sheet Per span of the
Mooring facility pile superstructure
Per berth
. Per span of the
Pier
superstructure

o Advanced inspection:

For periodic inspections of items that are not directly observed by the eye, it is necessary to check by
using a diver or equipment, or through limited dismantling of parts of the facility, periodic inspections
should be performed in order to fulfill the following purposes:

- Inspection of those portions that cannot be examined by the eye (in particular, inspection of
underwater sections by diving investigation).

- Quantitative verification of inspection points by visual observationand diving investigation.

- Data collection for deduction of the causes of deformations.
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- Data collection for prediction of the future progress of degradation.
2) Frequency of periodic inspections

The timing and frequency of periodical inspection should be appropriately determined for each facility to
be inspected, based on a full understanding of the nature, occurrence and development of deformations

as shown in Clause 5. The frequency of periodic inspections depends on the following factors:
- Years elapsed status of facility usage;
- The structure type of facility;
- Frequency of exploitation of facility;
- Current quality of facility;
- Environmental conditions, ... etc.

The frequency of periodic inspections refer to Appendix C and is established by the consultant in the

maintenance process and approved by the Owner port.
3) Inspection items, Inspection methods and The standard judgment criteriah

Inspection items, inspection methods and the standard judgment criteria for each marine port facilities
type are shown in and after Subclause 6.2 of this Part, and also in Appendix A. As a general rule, it is
recommended that inspections be performed in accordance with these standards and that objective
evaluation be carried out regarding influence on facility performance 6.1.3 in this Part may be used as a

reference for evaluation based on inspection results.
6.1.3 Evaluation approach

For evaluation based on inspection results, evaluation standards, evaluation levels, and the relevant
processes from evaluation of each portion to the general evaluation, shall be established in advance from

the viewpoint to ensure objectivity for the evaluation results.

- The standard procedure to comprehensively evaluate the performance of the entire facility (that
is, the degree of degradation of facility performance) based on the results (a, b, ¢, and d) of periodical

inspection foreach inspected portion of the facility, as shown in the flow of Figure 19.

- The evaluation results are graded into A, B, C, and D as shown in Table 3. Since the evaluation
results for a facility can be influenced by the environmental conditions at the facility location and changes
in anomalies over time need to be considered in order to make appropriate evaluation, it is necessary to
perform a full review of the inspection results for each portion and conduct advanced analysis, such as

structural analysis, if necessary.
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Evaluation based on visual observation >
Visual inspection _ _ _ Evaluation

Evaluation based on visual observation,

diving investigation or detailed inspection Comprehensively evaluate
Check each portion of the the performance of the
facility mainly through inspection results for each
visual observation portion

" Advanced inspection

T Perform detailed checks on the progress
of deformations, etc. through detailed
inspection using divers (diving
investigation) or measuring equipment.

Figure 19 - Flows of inspection and evaluation of port and harbor facilities

- The results of "evaluation" at this point indicate the degree of general degradation in the inspected
facility and are a qualitative representation of the degree of degradation in facility performance. In other
words, they represent an evaluation of the facility from the technical and engineering viewpoints, and
these results alone cannot determine if the facility needs repair or other measures. Attention must be
paid to the important practical point that a comprehensive review should be based on the level of
maintenance, degree of importance, designed service life, status of facility used and future plans, difficulty

of implementing the maintenance work, cost and other factors.

Table 3 - Classification of evaluation results

Evaluation Condition of facility
A Facility performance has been degraded.
B Facility performance degradation could occur if left unattended.

No deformations related to facility performance were found but continuous

C oo
observation is necessary.

D No anomalies were found and sufficient performance is being maintained.

- This Standard proposes the following as one of the tentative ideas for deriving evaluation results
based on inspection results. The inspection items are divided into the three categories shown in Table 4
looking from the viewpoint of the impact on facility performance, particularly safety, and the evaluation
results, graded into A, B, C and D, are produced for each facility based on the approach used in Table
5. Inspection item categorization by facility is explained for each type of facility in and after Subclause
6.2.

- As a general rule, of the evaluation schemes [1], [2], and [3] in Table 5, the strictest evaluation

result is adopted.

- In Table 5, “many” denotes approximately 50%, while “mostly” represents approximately 80%, but

it should be noted that the number of respective result grades (a, b, ¢ or d) for each portion does not lead
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to a mechanical determination of the evaluation result. In other words, if there is one “a” grade for a

certain inspection item in Category I, it should not lead automatically to an evaluation of A; in addition to

thisevaluation, the impact on facility performance and other parameters should be given comprehensive

consideration, and then the final result should be given as either A or B.

Table 4 - Classification of inspection items based on the impact on facility safety

Classification of Definition
inspection items
[Inspection and diagnosis items for components and materials that have a direct
impact on the performance of facilities (particularly on their structural safety)]
This category includes inspection and diagnosis items that cover displacement
Category | or settlement of the entire facility, as well as deformations and changes in
superstructure, main structure, foundation structure, and wave-dissipating
structure, which have a direct impact on the performance of the facility
(particularly on its structural safety).
[Inspection and diagnosis items for components and materials that have an
impact on the performance of facilities]
This category includes the items that cover damages to components and
Category I materials and facilities such as anti corrosive coating of steel members, for
instance, the reduced performance of which will not have a direct and immediate
impact on the entire facility, but which, if left untreated for long periods, will have
an impact on the facility’s performance.
[Inspection and diagnosis items for ancillary facilities]
This category includes inspection and diagnosis items that cover ancillary
Category Il facilities, such as fenders, mooring posts, facilities for ship services, etc., which
may have an impact on the utilization of the main facility, or facilities, such as
curbing, safety fences, ladders, etc., which, if left untreated for damage, may
lead to grave accidents and disasters involving loss of human life.
Table 5 - Method for deriving evaluation results
Inspection Evaluation results
Scheme items
A B C D
There are “items that got There are “items that got Other
one or several 'a' grades” one or several 'a' grades or than Results
[1] Category | | and the facility is already 'b' grades” and facility A B are all
showing degraded performance could or’ D “d”
performance. deteriorate if left unattended.
There are "items that got There are "items that got
many 'a’ grades" or "items | many 'a’' grades" or "items Other
L} 1 1 rn 1 1 1 rn ReSUItS
2] Category I that got mo.s.tly'a and 'b', that got_mostly a'and 'b, than are all
and the facility is already and facility performance A B “d”
showing degraded could deteriorate if left orD
performance. unattended.
Other | Results
[3] Category Il | — than are all
D iid”

- Method for derivation of performance drop refer to Appendix D.
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6.2 Periodic Inspection and evaluation for waterway and basins
6.2.1 Introduction

This section describes inspection items, methods of inspection and judgment criteria for periodical
inspections performed for waterway and basins, gives details regarding evaluation based on the

inspection results.
6.2.2 Periodical Inspection for waterway and basins

- The content and method inspection and applicable standards of periodic inspection of waterway

and basin are presented in Table 6. The evaluation criteria refer to Appendix A

Table 6 - Content and method of periodic inspection of waterway and basin

Inspection

category Check items Inspection method/ applicable standards

Visual inspection

Water depth Simple bathymetric survey using a simple depth
| sounder

Status of waterways or basin Visual check

Detailed inspection (Advanced equipment and method)

Bathymetric survey according to TCVN 10336:

I Water depth 2015

6.2.3 Evaluation for waterway and basins

The impact of deformations that have occurred to waterways and basins shall be appropriately evaluated

according to the approach described in 6.1.3 in this Part.

- Table 4 shows the categorization of inspection items looking from the viewpoint of impact on
facility performance. Evaluation results, when classified according to these categories and graded by the
method indicated in Table 5, give a value of A through D. The most important criterion for waterways and

basins is whether the designated water depth requirement is satisfied or not.
- The evaluation level for waterways and basins should correspond to evaluation for each design
water depth, as shown in 6.1.2 herein.
6.3 Periodic Inspection and evaluation for protective facilities
6.3.1 Introduction

This Sectiondescribes the standards specifically applying to items for periodical inspections performed
on breakwaters, embankments and levees, methods and judgment criteria for these periodical

inspections and evaluation based on the inspection results.
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6.3.2 Periodical Inspection for protective facilities
1 Caisson breakwater.

The content and method inspection and applicable standards of periodic inspection of caisson breakwater

are presented in Table 7. The evaluation criteria refer to Appendix A

Table 7 - Content and method of periodic inspection of Caisson breakwater

Inspection

Check items Inspection method/ applicable standards
category

Monitoring

Measure displacement against the calibration
curve at the time of completion or shift
compared to the fixed point by electronic total
o station; Measure the slope of the dyke body

| Monitoring with an inclinometer according to TCVN 9398:
2012

Measure settlement by gradienter according to
TCVN 9360: 2012

Displament, Inclination

Settlement

Visual inspection (for parts above water level)

Visual check (incl. measurements using a tape
Displacement measure or other instruments. The same shall
apply hereafter): Horizontal displacement

Deterioration, damages Visual check: Cracking, spalling, damages;

Caison Exposure of steel bars; Signs of deterioration,
of concrete
etc.
Settlement Visual check: (joint gap), difference in level
Superstructurel Deterioration and Visual check: Cracking, spalling, damages and
P damages of concrete missing; Signs of deterioration, etc.
. Visual check: Deformation of crown, slope and
Displacement, L )
Il scattering top of slope of the wave d_|55|pat|ng structure;
Wave ’ Displacement and scattering of the wave-
vave settlement dissipating block
work Visual check: Damages and cracks of the
Damages, deficiencies | wave-dissipating blocks; Number of chipped

blocks

Visual inspection (for parts that are difficult to check)

Visual check: Cracking, spalling, damages and
missing; Exposure of steel bars; Signs of
deterioration, etc.

Diving inspection: Uplift of seabed; Whether
Seabed Scouring, sedimentation | the sign of scouring or sedimentation is
observed.

Diving inspection: Deformation of slope, top
and foot of slope; Scattering and displacement
status of blocks and stones

Deterioration and

Caisson
damages of oncrete

Displacement, cattering,

[ Covering settlement
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Inspection Check items Inspection method/ applicable standards
category
Foot _ Displacement, Diving |nspect|onl: Deformatlon of s_Iope, top
protection scattering. settlement and foot of slope; Scattering and displacement
works 9: status of blocks and stones
. Visual check: Deformation of crown, slope and
Wave Displacement, L .
L : top of slope of the wave dissipating structure;
dissipating scattering, . )
Displacement and scattering of the wave-
structure settlement R
dissipating blocks

Detailed inspection (Advanced equipment and method)

Breakwater in
whole

Displacement amount:
Displacement from the
normal line at the time
of completion of the
work or displacement
from a fixed point; Gap
of the joints Inclination
amount; Inclination of
levee body

Measurement of displacement distance,
leveling (inclination is obtained from difference
of elevation at 4 points of corners on the
crown), using a clinometer, etc; Survey on
normal line, measurement of gaps of the joints,
diving inspection; Determined referring to the
measurement results or measured by
clinometers.

Settlement

Leveling

Deterioration, damages
of concrete

Detailed inspection: Cracking, spalling,
damages and missing; Exposure of steel bars;
Signs of deterioration, etc.

Covering depth

Chipping test..., according to TCVN 9356:
2012

» Compression strength test of concrete

Caison according to TCVN 9330: 2012 and TCVN
Analysis of concrete 9375: 2012
* Measurement of chloride ion content
according to TCVN 7572-15: 2016
Production of cavilities . :
in the caission Visual checking through bored holes. Etc.
Seabed Scouring, sedimentation Insp_ectlon of geom_etry of the underwater
section, cross sectional survey, etc
Superstructure Deterioration and (El)aerfgegsllsnpdeﬁ’tlliggiznc'ralch Ir:)gs,ufgil)l:‘lg?éel bars;
P damages of concrete amag missing; =Xxp '
Signs of deterioration, etc.
F?oot'c[ection Displacement, Inspection of geometry of the underwater
P scattering, settlement | section, cross section surveying, etc.
Il works
: Displacement, Inspection of geometry of the underwater
Covering . . ) .
scattering, settlement | section, cross section surveying, etc.
\(;\i/ss\?eatin Displacement, Inspection of geometry of the underwater
workp 9 scattering, settlement | section, cross section surveying, etc.
2 Sloping breakwater.

- The content, method inspection and applicable standards of periodic inspection of sloping

breakwater are presented in Table 8. The evaluation criteria refer to Appendix A
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Table 8 - Content, method of periodic inspection of sloping breakwater

Inspection Check items

category

Inspection method/ applicable standards

Monitoring

Displament
I Monitoring

Measure displacement against the calibration
curve at the time of completion or shift
compared to the fixed point by electronic total
station according to TCVN 9398: 2012

Settlememnt

Measure settlement by gradienter according to
TCVN 9360: 2012

Visual inspection (for parts above water level)

Displacement,
Wave scattering,settlement

I dissipating

Visual check: Deformation of crown, slope and
top of slope of the wave dissipating structure;
Displacement and scattering of the wave-
dissipating blocks

work
Damages, deficiencies

Visual check: Damages and cracks of the
wave-dissipating blocks; Number of chipped
blocks

Visual inspection (for parts that are difficult to check)

| Seabed Scouring, sedimentation

Diving inspection: Uplift of seabed; Whether
the sign of scouring or sedimentation is
observed.

Displacement, cattering,

Diving inspection: Deformation of slope, top

Covering settlement and foot of slope; Scattering and displacement
status of blocks and stones

Foot . Diving inspection: Deformation of slope, top

: Displacement, . . :
protection ; and foot of slope; Scattering and displacement
I scattering, settlement

works status of blocks and stones

Wave Visual check: Deformation of crown, slope and

dissipatin Displacement, top of slope of the wave dissipating structure;

strucrt)ure 9 scattering, settlement Displacement and scattering of the wave-

dissipating blocks

Detailed inspection (Advanced equipment and method)

Displacement amount:
Displacement from the
~ | normal line at the time
Breakwater in | of completion of the

Measurement of displacement distance

Displacement,

I whole work ordisplacement
from a fixed point;
Settlement Leveling
. . , Inspection of geometry of the underwater
Seabed Scouring, sedimentation section, cross sectional survey, etc
Foot

Inspection of geometry of the underwater

protection ; ) . i
works scattering, settlement section, cross section surveying, etc.
. Displacement, Inspection of geometry of the underwater
1l Covering ; . . .
scattering, settlement section, cross section surveying, etc.
Wave . .
dissipating Dlspla(;ement, Insp_ectlon of geometry of the_ underwater
work scattering, settlement section, cross section surveying, etc.
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- The content and method inspection and applicable standards of periodic inspection of Seawall,

revetment, levee are presented in Table 9. The evaluation criteria refer to Appendix B

Table 9 - Content and method of periodic inspection of seawall, revetment, levee

Inspection

Check items Inspection method/ applicable standards
category
Monitoring
Measure displacement against the
calibration curve at the time of
Displament completion or shift compared to the
I Monitoring fixed point by electronic total station
according to TCVN 9398: 2012
Settlememnt Measure settlement by gradienter
according to TCVN 9360: 2012
Visual inspection (for parts above water level)

Displacement of the whole structure

Visual check (incl. measurements using
a tape measure or other instruments.
The same shall apply hereafter):
Horizontal displacement

Settlement of the whole structure

Visual check: Settlement of the levee bod

Caison

Deterioration,
damages of
concrete

Visual check: Cracking, spalling,
damages; Exposure of steel bars; Signs
of deterioration, etc.

Main works (gravity
type) (In the case of
reinforced concrete)

Deterioration and
damages of
concrete

Visual check: Cracking, spalling,
damages and missing; Signs of
deterioration, etc.

Rear part of the
revetment and levee
or the levee itself

Cave-in, flow-out

Visual check (of places where there is a
settlement, cave-in, or gap at the joint):
Status of the rear ground of the levee;
Gap and misalignment of the joints

Parapet wall

Deterioration and
damages of concrete
(In the case of
reinforced concrete)

Visual check: Cracking, spalling,
damages; Corrosion of reinforcing bars;
Signs of deterioration, etc.

Deterioration and
damages of concrete
(In the case of plain
concrete)

Visual check: Cracking, spalling,
damages; Signs of deterioration, etc.

Corrosion, cracks and
damages of steel

Visual check: Presence of holes;
Scratches on the surface
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Inspection
category

Check items

Inspection method/ applicable standards

Main structure

Deterioration and

Visual check: Cracks, damages and

(gravity type) damages of concrete | missing; Signs of deterioration, etc
. Visual check: Rust and heaving; Peeling
Paint .
off of coating
> Heavy-duty
- antlcorr03|ve (_:oatlng, Visual check: Deterioration of coating
8 Corrosion resistant
© metal coating
S g —
*5_ 8 Supgr-t_hu:k film Visual check: Measurement of film
o £ coating; Underwater ;
= ) : . thickness,etc.
<3 O hardening coating
D <
2 < Petrolatum Visual check: Protection cover sheet;
% coating Bolts, nuts
]
) Visual check: Protection cover sheet;

Mortar coating

Deterioration and damages of mortar

Cathodic protection

Measurement of electrical potential
* Saturated calomel - 800mV
» Seawater silver chloride - 800mV
 Saturated copper sulfate - 850mV

Displacement, scattering,

Visual check: Deformation of crown,
slope and top of slope of the wave

Wave | settlement dissipating structure; Displacement and
dissipating scattering ofthe wave-dissipating blocks
work Visual check: Damages and cracks of

Damages, deficiencies the wave-dissipating blocks; Number of
chipped blocks
Visual check (incl. measurement
. Breaks of drainage using scales and measures. Herein after
Drainage . . . . : .
: equipment, deformation and the same applies: Clogging of ditches;
equipment . : L .
m corrosion of gratings Breaks, deformations; Corrosion of
gratings
Front Cracks and damages of front Visual check: Cracks and damages
apron | apron

Visual inspection (for parts that are difficult to check)

Main structure

Deterioration and

Diving inspection: Cracking, spalling,
damages and missing; Exposure of steel

(gravity type) damagesof concrete bars; Signs of deterioration, etc.
Steel sheet Corrosion, cracks Diving inspection
pile, etc. anddamages of steel

Diving inspection: Forward squeezing,
Foundation Displacement, inclination, settlement of the structure;
works settlement, damages | Gaps and difference in level at joints;

Damages of concrete
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Inspection
category

Check items

Inspection method/ applicable standards

Rear part of the
revetment and levee
or the levee itself

Flow-out, production
of cavity

check through boredholes

Electromagnetic radar survey; Visual

Diving inspection: Uplift of seabed,

Seabed gggiLrjr:Ierr]r?t’ation Whether the sign of scouring or
sedimentation is observed
, Diving inspection: Rust and heaving;
Paint . .
Peeling off of coating
Heavy-duty
_8 anticorrosive coating; | Diving inspection: Deterioration of
§ Corrosion resistant coating
3 metal coating
> i .
3 Sup_er t_h'Ck film Diving inspection: Measurement of film
= coating; Underwater .
5 ; . thickness,etc.
o hardening coating
S =
o) g Petrolatum Diving inspection: Protection cover sheet;
a coating Bolts, nuts
a
5 . Diving inspection: Protection cover sheet;
o Mortar coating S
= Deterioration and damages of mortar
[%)]
g Measurement of electrical potential:
Il n Electrical + Saturated calomel - 800mV
Cathodic | potential « Seawater silver chloride - 800mV
protection - Saturated copper sulfate - 850mV
(galvanic
anode type Diving inspection: Check the actual
Anode status
Measurement of anode erosion
Cathoc_ilc DC and electrical Detailed inspection: Discoloring of
protection . ) ) :
(ICCP) equipmen terminals; Loosening of bolts and nuts

Foot protection
works

Displacement,
scattering, settlement

top and foot of slope; Displacement or
scattering ofstones or blocks

Diving inspection: Deformation of slope,

Wave dissipating
work

Displacement,
scattering, settlement

top and foot of slope; Displacement or
scattering of stones or blocks

Diving inspection: Deformation of slope,

Detailed inspection (Advanced equipment and method)

Revetment,whole
leve

Displacement,
inclination

Measurement of displacement distance;
Leveling; Surveys using clinometers, etc.

Settlement

Leveling
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Inspection
category

Check items

Inspection method/ applicable standards

Main structure

Deterioration and
damages of concrete
(RC)

Diving inspection: Cracking, spalling,
damages and missing; Exposure of steel
bars; Signs of deterioration, etc.

Analysis of concrete

» Compression strength test of concrete
according to TCVN 9330: 2012 and
TCVN 9375: 2012

covering: Crown
covering; Back
slopecovering;

reinforcing bars

ravity type L
© y type) » Measurement of chloride ion content
according to TCVN 7572-15: 2016
Pro_d'u'ctlo_n of Visual checking through bored holes.
cavilities in the Etc
caission )
Deterioration and Detailed |.nspect|on, etc: Cracks, _qullmg,
damages; Exposure of steel bars; Signs
damages of concrete o
of deterioration, etc
Outer slope Corrosion of

Natural electrical potential according to
TCVN 9348: 2012

» Compression strength test of concrete

sedimentation

Parapet according to TCVN 9330: 2012 and
Analysis of concrete | TCVN 9375: 2012
» Measurement of chloride ion content
according to TCVN 7572-15: 2016
Corrosion, cracks and I .
Detailed inspection
Steel sheet damages of steel.
pile, etc. Measurement of o
. Ultrasonic thickness gauge
thickness
Seabed Scouring, Inspection of geometry of the underwater

section, cross sectional survey, etc

Anticorrosive coating

Detailed inspection: Corrosion and
exposure of steel members; Damages of
covering materials; Status of protection
covers

Measurement of anode current: Both

Steel sheet pile, etc.

Cath0dic Anode sides, central part and significantly worn
protection parts of the equipment
(galvanic : : —
anode type)| Test pieces Appearance inspection: Weighing of test
pieces
. Measurement of DC voltage and the
DC andelectrical . ; : e
equibment current; Insulation resistance of rectifier;
Cathodic quip Insulation resistance of circuit
pr((l)(t:e((::g(;n Electricalpotential Measurement of electricalpotential

Test pieces

Appearance inspection: Weighing of test
pieces

4 Test volume:

- For visual inspection (for parts above water level): Check 100% of the number of components.
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- For visual inspection (for parts that are difficult to check) and detailed inspection (by advanced
method), the test volume must be established by the consultant and approved by the Owner depending

on the following factors:
+ Time to use the project;
+ The main structural solution of the project;
+ Frequency of exploitation of the project;
+  Current quality of the project;

+ Environmental conditions, ... etc.

6.3.3 Evaluation for protective facilities

The impact of deformations that have occurred to protective facilities shall be appropriately
evaluated according to the approach described in 6.1.3 in this Part.

- The evaluation of facilities based on inspection results fundamentally depends on the
comprehensive judgment of the evaluator, but in order to ensure objectivity and consistency in the
evaluation results, the standard approach described in 6.1.3 in this Part of the Technical Standard is
stated with respect to judgment criteria, evaluation level, and processes, from evaluation of each portion

to the general evaluation.

- When classifying inspection items from the viewpoint of impact on facility performance, and
particularly safety, as shown in Table 4. Evaluation results, when classified into these categories and
graded by the method indicated in Table 5, will have values A through D.

- The standard level of evaluation for protective facilities should be per caisson for breakwaters and
per span of the superstructure for embankments and levees as shown in 6.1.2 in this Part. However,
when the facility is long, the level may be appropriately reduced by division into lengths of 200 to 500 m,
while duly taking the structural type and age of the facility into consideration.

6.4 Periodic Inspection and evaluation for mooring facilities

6.4.1 Introduction

Among the mooring facilities, this Chapter describes the standards specifically applying to items for
periodical inspection performed on gravity quay walls, sheet pile quay walls, piers and pontoons, methods

and judgment criteria for these periodical inspections and evaluation based on the inspection results.
6.4.2 Content and method of periodic inspection for mooring facilities
1 Gravity quaywalls.

The content, method inspection and applicable standards of periodic inspection of gravity quaywall are

presented in Table 10. The evaluation criteria refer to Appendix A
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Table 10 - Content and method of periodic inspection of gravity quaywalls

Monitoring

Inspection Check items Inspection method/ applicable standards
category
Monitoring
Measure displacement against the
calibration curve at the time of
completion or shift compared to the
Displament fixed point by electronic total station;

Measure the slope of the quaywall with
an inclinometer according to TCVN
9398: 2012

Settlememnt

Measure settlement by gradienter
according to TCVN 9360: 2012

Visual inspection (for parts above water level)

Nomal line of the warf

Lateral displacements,
irregularities

Visual check: Displacement amount

Apron Settlement, cave-in Visual check
Deterioration, Visual check : Cracking, spalling,
Caison damages on the side | damages; Exposure of steel bars; Signs

walls

of deterioration, etc.

Apron (normalstate)

Deterioration,
damages of concrete
or asphalt

Visual check: Cracking, damages of
concrete or asphalt

Apron (When the use
of container terminal is
severely restricted)

Difference in level,
rutting,cracking of
pavement

Visual check: Difference in level, rutting

Super structure (for
reinforced concrete)

Deterioration,
damages of concrete

Visual check : Cracking, spalling,
damages; Exposure of steel bars; Signs
of deterioration, etc.

Superstructure (for
non reinforced
concrete

Deterioration,
damages of concrete

Visual check : Cracking, spalling,
damages; Signs of deterioration, etc.

Visual inspection (for parts that are

difficult to check)

Flow-out, production

Electromagnetic radar survey; Visual

Apron of cavity check through bored holes; Damages of
joint cover
Diving inspection: Cracking, spalling,
Caison Settlement, cave-in damages, losses; Exposure of steel
bars; Signs of deterioration, etc.
Seabed Deterioration, Diving inspection: Uplift of seabed;

damages of concrete

Scouring, sedimentation

Detailed inspection (Advanced equipment and method)

Whole caisson type
quaywall

Displacement,
inclination, settlement

Survey on reference points
Leveling; Surveys using clinometer, etc:
Displacement, inclination, settlement

Apron

Settlement (difference
in level), inclination

Leveling; Surveys using clinometer, etc:
Settlement, inclination
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Inspection Check items Inspection method/ applicable standards
category
L Detailed inspection: Cracking, spalling,
Deterioration, damages damages and missing; Exposure of
of concrete T : X
steel bars; Signs of deterioration, etc.
Chipping test, electromagnetic
Covering depth radar test..., according to TCVN 9356:
2012
Caison » Compression strength test of concrete
according to TCVN 9330: 2012 and
Analysis of concrete TCVN 9375: 2012
* Measurement of chloride ion content
according to TCVN 7572-15: 2016
: " Visual checking through the
_Productlt_)n of cavities electromagnetic radar or boredholes,
in the caisson
etc.
Scouring, Inspection of geometry of the underwater
Seabed . : . )
sedimentation section, cross sectional survey, etc
A Deterioration, damages| Detailed inspection: Cracking, spalling,
pron . "
of concrete or asphat | damages, irregularities, etc..
o Detailed inspection: Cracking, spalling,
Deterioration, damages damages; Exposure of steel bars; Signs
of concrete T
of deterioration, etc.
Il Super Chipping test, electromagnetic
P Covering depth radar test..., according to TCVN 9356:
structure
2012
» Compression strength test of concrete
Analvsis of ¢ according to TCVN 9330: 2012
NalysIs of CONCTELe 1, Measurement of chioride ion content
according to TCVN 7572-15: 2016
2 Sheet pile quaywall.

The content, method inspection and applicable standards of periodic inspection of sheet pile

guaywall are presented in Table 11. The evaluation criteria refer to Appendix A.

Table 11 - Content, method of periodic inspection of sheet pile quaywalls

Monitoring

Inspection Check items Inspection method/ applicable standards
category
Monitoring
Measure displacement against the
calibration curve at the time of
completion or shift compared to the fixed
Displament point by electronic total station; Measure

the slope of the sheet pile quaywall with
an inclinometer according to TCVN
9398: 2012

Settlememnt

Measure settlement by gradienter
according to TCVN 9360: 2012
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Inspection
category

Check items

Inspection method/ applicable standards

Visual inspection (for parts above water level)

Nomal line of the warf

Lateral displacements,
irregularities

Visual check: Displacement amount

Apron

Settlement, cave-in

Visual check

Steel sheet pile, etc

Corrosion, cracks and
damages of steel

Visual check: Presence of holes;
Scratches on the surface

Apron (normal
state)

Deterioration, damages
of concrete or asphalt

Visual check: Cracking, damages of
concrete or asphalt

Apron (When the use
of container terminal
is severely restricted)

Difference in level,
rutting, cracking of
pavement

Visual check: Difference in level, rutting

Super structure
(for reinforced
concrete)

Deterioration, damages
of concrete

Visual check: Cracking, spalling,
damages; Exposure of steel bars; Signs of
deterioration, etc.

Visual inspection (for parts that are difficult to check)

Paint Diving inspection: Rust and heaving;
Peeling off of coating
2 Heavy-duty anticorrosive
® coating; Corrosion Diving inspection: Deterioration of coating
3 resistant metal coating
(]
. 0 e -
% ' Super-thick film coating; Diving inspection: Measurement of film
. e} Underwater hardening :
4 = ) thickness, etc.
e o) coating
o k]
§ Z Petrolatum Diving inspection: Protection cover sheet;
< coating Bolts, nuts
g : Diving inspection: Protection cover sheet;
2 Mortar coating ot
0 Deterioration and damages of mortar
Cathodic Diving inspection: Check the actual status
protection
Ivanic ande Anode i
(galva Measurement of anode erosion
type)
Cathodic DC and electrical Detailed inspection: Discoloring of
protection equipment terminals; Loosening of bolts and nuts

Detailed inspection (Advanced eq

uipment and method)

Whole sheet pile
quaywall

Displacement,
inclination, settlement

Survey on reference points: Leveling;
Surveys using clinometer, etc;
Displacement, inclination, settlement

Settlement (difference in

Apron T Leveling; Inclination measurement
level), inclination
Dfeterlolratlon, damages Detailed inspection

Steel sheet of stee

pile, etc Measurement of Chipping test, electromagnetic radar test,
thicknes etc.

Seabed Scouring, Inspection of geometry of the underwater

sedimentation

section, cross sectional survey, etc
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Inspection Check items Inspection method/ applicable standards
category
A Deterioration, damages | Detailed inspection: Cracking, spalling,
pron . "
of concrete or asphat damages, irregularities, etc..
L Detailed inspection: Cracking, spalling,
Deterioration, damages damages; Exposure of steel bars; Signs
of concrete T
of deterioration, etc.
Chipping test, electromagnetic
Super Covering depth radar test.., according to TCVN 9356:
structure 2012
» Compression strength test of concrete
according to TCVN 9330: 2012 and
Analysis of concrete TCVN 9375: 2012
» Measurement of chloride ion content
according to TCVN 7572-15: 2016
Detailed inspection: Corrosion and
1 Anticorrosive coatin exposure of steel members; Damages of
9 covering materials; Status of protection
covers
S Measurement of electrical potential
@ Electrical « Saturated calomel-800mV
L) potential « Seawater silver chloride-800mV
= .
o Cathodic « Saturated copper sulfate-850mV
3 protection
% | (galvanic anode Measurement of anode current: Both
o) type) Anode sides, central part and significantly worn
% parts of the equipment
Test pieces Appearance inspection: Weighing of test
pieces
Cathodic DC and Measurement of DC voltage and the
protection electrical current Insulation resistance of
(IcCP) equipment rectifierlnsulation resistance of circuit
3 Pier.

- The content, method inspection and applicable standards of periodic inspection of Pier are

presented in Table 12. The evaluation criteria refer to Appendix A

Table 12 - Content method of periodic inspection of pier

Inspection

Inspection method/ applicable

Monitoring

category Check items standards
Monitoring
Measure displacement against the
calibration curve at the time of
Displament completion or shift compared to the

fixed point by electronic total station
according to TCVN 9398: 2012

Settlememnt

Measure settlement by gradienter
according to TCVN 9360: 2012
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Inspection
category

Check items

Inspection method/ applicable
standards

Visual inspection (for parts above water level)

Nomal line of the warf

Lateral displacements,
irregularities

Visual check: Displacement,
settlement

Apron

Settlement, cave-in

Visual check

Super structure (under
neath surface) (In the
case of prestressed
concrete)

Deterioration,
damages of concrete

Visual check: Presence of cracks;
Presence of rust fluid

Steel pipe pile, etc

Corrosion, cracks
anddamages of steel

Visual check: Presence of cracks;
Presence of rust fluid

Concrete pile (reinforced
concrete and
prestressed concrete

Deterioration,
damages of concrete

Visual check: Presence of cracks;
Presence of rust fluid

Apron (normalstate)

Deterioration,
damages of concrete
or asphalt

Cracking, damages of concrete or
asphalt

Apron (When the use of
container terminal is
severely restricted)

Difference in level,
rutting,cracking of
pavement

Difference in level, rutting

Super structure

(under neath surface) (In
the case of reinforced
concrete)

Deterioration,
damages of concrete

Visual check: Direction of cracks;
Number, length and width of cracks;
Spalling of covering; Presence of rust
fluid; Corrosion status of steel bars

Super structure
(supper and side part)

Deterioration,
damages of concrete

Visual check: Cracking, spalling,
damages; Corrosion of steel bars;
Signs of deterioration, etc

Anticorrosive coating

Steel pipe pile

Paint

Visual check: Rust and heaving;
Peeling off of coating

Heavy-duty
anticorrosive coating;
Corrosion resistant
metal coating

Visual check: Deterioration of coating

Super-thick film
coating;Underwater
hardening coating

Visual check: Measurement of film
thickness,etc.

Petrolatum
coating

Visual check: Protection cover sheet;
Bolts, nuts

Mortar coating

Visual check: Protection cover sheet;
Deterioration and damages of mortar

Cathodic protection

Measurement of electrical potential
+ Saturated calomel-800mV
» Seawater silver chloride-800mV
» Saturated copper sulfate-850mV

Access bridge

Damages and
painting of main
structure

Visual check: Damages, cracks;
Painting; Displacement
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Inspection
category

Check items

Inspection method/ applicable
standards

Visual inspection (for parts that are difficult to check)

Apron behind the earth
retaining part

Sand washing-out and
production of cavity

Electromagnetic radarinspection;
Drilling visual check: Endoscopic
survey (for gravity type earth
retaining part) Damages of joint cover,
etc.

Steel pipe pile

Corrosion, cracks and
damages of steel

Diving inspection: Presence of holes;
Scratches on the surface

Concrete pile (reinforced
concrete and
prestressed concrete

Deterioration,
damages of concrete

Diving inspection: Direction of cracks;
Number, length and width of cracks;
Spalling of covering; Presence of rust
fluid; Corrosion status of steel bars

Earth retaining part

Diving inspection: detailed
inspection, etc. (to be done
adequately for the type of earth
retaining)

. Diving inspection: Rust and heaving;
Paint . .
Peeling off of coating
Heavy-duty
g’ anticorrosive coating; | Diving inspection: Deterioration of
< Corrosion resistant coating
S 38 metal coating
G = Super-thick film
) 4 pe . Diving inspection: Measurement of
S = coating; Under\_/vater film thickness,etc
o S hardening coating e
(O] =
2 = o . :
' ® < Petrolatumcoating D|V|ng Inspection: Protection cover
o sheet; Bolts, nuts
o Diving inspection: Protection cover
Mortar coating sheet; Deterioration and damages of
mortar
Cathodic Diving inspection: Check the actual
protection Anode status
(galvanic anode _
type) Measurement of anode erosion
Cathodic DC and electrical Detailed inspection: Discoloring of
protection equipment terminals; Loosening of bolts and nuts

Detailed inspection (Advanced equipment and method)

Whole pier

Displacement,
inclination, settlement

Measurement of displacement
distance; Leveling; Surveys using
clinometers, etc

Apron behind the earth

Settlement (difference
in level), inclination

Leveling: Inclination measurement
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Inspection
category

Check items

Inspection method/ applicable
standards

Pier superstructure (for
presstressed concrete)

Deterioration, damages
of concrete

Detailed inspection: Direction of
cracks; Number, length and width of
cracks; Spalling of covering; Presence
of rust fluid; Corrosion status of steel
bars

Steel sheet
pile, etc

Deterioration,
damages of steel

Detailed inspection

Measurement of
thicknes

Ultrasonic thickness gauge

Concrete pile

Deterioration,
damages of concrete

Detailed inspection: Direction of
cracks; Number, length and width of
cracks; Spalling of covering; Presence
of rust fluid; Corrosion status of steel
bars

Seabed

Scouring,
sedimentation

Inspection of geometry of the
underwater section, cross sectional
survey, etc

Apron behind the earth
retaining part

Deterioration,
damages of concrete
or asphat

Detailed inspection: Cracking,
spalling, damages, irregularities, etc..

Pier superstructure (for
reinforced concrete:
Beam, slab, pile...)

Deterioration,
damages of concrete

Detailed inspection: Cracking,
spalling, damages; Exposure of steel
bars; Signs of deterioration, etc.

Covering depth

Chipping test, electromagnetic radar
test..., according to TCVN 9356: 2012

Corrosion of
reinforcing bars

Natural electrical potential according
to TCVN 9348: 2012

Analysis of concrete

» Compression strength test of
concrete according to TCVN 9330:
2012 and TCVN 9375: 2012

« Measurement of chloride ion content
according to TCVN 7572-15: 2016

Anticorrosive coating

Detailed inspection: Corrosion and
exposure of steel members; Damages
of covering materials; Status of
protection covers

Steel sheet pile, etc.

Cathodic protection
(galvanic anode type)

Measurement of electrical potential

Electrical + Saturated calomel-800mV

potential » Seawater silver chloride-800mV
 Saturated copper sulfate-850mV
Measurement of anode current:n Both

Anode sides, central part and significantly
worn parts of the equipment

Test pieces Appearance inspection: Weighing of

test pieces
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Inspection Check items Inspection method/ applicable
category standards
. » Measurement of DC voltage and the
o DIC ?r_‘d I current
@) electrica * Insulation resistance of rectifier
= equipment _ . L
c * Insulation resistance of circuit
8
j Measurement of electrical potential
S Electrical * Saturated calomel-800mV
_g' potential » Seawater silver chloride-800mV
8  Saturated copper sulfate-850mV
<
= . . L
) Test pieces Appe:_:trance inspection: Weighing of
test pieces
4 Ancillary facilities.

The content, method inspection and applicable standards of periodic inspection of Ancillary facilities are

presented in Table 13. The evaluation criteria refer to Appendix A

Table 13 - Content, method of periodic inspection of Ancillary facilities

Inspection
category

Check items

Inspection method/ applicable standards

Visual inspection

Mooring post and

Deteriorations, damages,

Visual check (incl. measurement using
instuments. hereinafter the same

fixing brackets, etc.

rings peeling-off of paint, etc. applies): Damages, deformation;
Condition of paint
Damages, bre_akage of Visual check: Damages of rubber parts;
Fender fender, corrosion of

Rust and scratches of fixing brackets

Curbing, safety
fence

Damages, painting,
corrosion of the main
structure

Visual check: Damages, deformation;
Condition of paint; Corrosion

Passenger boarding
facilities

Deterioration, damages
of main structures,
peeling-off of coating

Visual check: Damages, deformation of
main structures, peeling-off of paint;
Corrosion of steel members, etc

Foundation of cargo
hand lingequipmen

Deterioration
anddamages of concrete

Visual check: Cracks, spalling,
damages; Corrosion of steel bars; Sign
of deterioration, etc.

Deterioration, damages
and corrosion of metal
anchorage

Visual check: Damages or deformation
of main structure, peeling off of paint;
Corrosion of steel members, etc

Ladder

Damages, painting,
corrosion of the
mainstructure

Visual check: Damages, deformation;
Painting; Corrosion (for steel)

5

Test volume:

For visual inspection (for parts above water level): Check 100% of the number of components.
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- For visual inspection (for parts that are difficult to check) and detailed inspection (by advanced
method), the test volume must be established by the consultant and approved by the Owner depending

on the following factors:
+ Time to use the project;
+ The main structural solution of the project;
+ Frequency of exploitation of the project;
+  Current quality of the project;
+ Environmental conditions, ... etc.
6.4.3 Evaluation for Mooring Facilities

- The impact of deformations that have occurred to mooring facilities shall be appropriately

evaluated accordingto the approach described in 6.1.3 in this Part.

- The evaluation of facilities based on the inspection results fundamentally depends on the
comprehensivejudgment of the evaluator, but to ensure objectivity and consistency in evaluation results,
the standard approachdescribed in 6.1.3 of this Part of the Standardis stated with respect to judgment

criteria, evaluationlevel, and the processes, from evaluation of each portion to the general evaluation.

- As shown in Table 4, with regard to classification of inspection items from the viewpoint of impact
onfacility performance, and particularly safety. Evaluation results, when classified into these categories

and graded by the methodindicated in Table 5, will have values A through D.

- The level of evaluation for mooring facilities should basically be per berth as shown in 6.1.2 of
this Part. However, when the facility is long or is of a special structural type, the level may be specified
by dividing oneberth into the appropriate number of subdivisions.

7 Prediction for progression of deterioration
7.1 General

- Predict the degradation process to estimate the remaining exploitation life of the project. The
service life is the length of time a building or item can be used economically before it is damaged or

degraded, disrupting the operation of the item or threatening the safety of the building.

- This section covers two of the most commonly used construction materials for port facilities:
concrete and steel. It is important to understand that the forecast of the remaining mining life is not an
exact science, rather a tool to help investors in construction planning. Once the forecast is degraded, the
remaining extraction life can be extended through maintenance and repair focusing on parts control.
Coatings used to provide a barrier to the environment or cathodic protection stop corrosion through an

electrochemical process are examples of extended service life.
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7.2 Prediction of deterioration of port structure members
7.2.1 Prediction of deterioration of steel members:
7.2.1.1Prediction of corrosion rate for steel with no corrosion protection

- For steel to which no corrosion protection has been applied, the reduction of thickness of steel
obtained by thickness measurement should be divided by the number of years passed to calculate the
rate of corrosion. Using the rate of corrosion enables the prediction of future residual thickness. The rate
of corrosion of reinforcement steel is greatly affected by the dissolved oxygen in seawater, electrical
resistance, flow velocity and other factors. If these factors vary or are expected to vary greatly during the

service life of the anode, the variation of the rate of corrosion should be taken into consideration.

- The current rate of corrosion should be identified based on the measurement of steel thickness,
and future progress of corrosion should be predicted. The residual strength of the steel structure should

be evaluated as required based on the results of corrosion prediction.
7.2.1.2 Prediction of consumption rate of sacrifice anode of cathodic protection system

- In cases where the steel is protected by cathodic protection, the rate of anode consumption should

be calculated based on the measurements of anode consumption to predict future anode consumption.

- Measuring anode consumption enables the prediction of future consumption and of the residual
service life of the cathodic protection system. Figure 20 shows the results of a study of anode
consumption. The anode had a service life of ten years. After a ten-year lapse, the anode still existed. It
was expected to be completely consumed in approximately five to eight years. The date of anode

replacement may be determined properly based on the test results.

1 &

09 Pier A— Block1  —
08 Block 2
0.7 -
0.6 -
0.5
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0.3
02 — ]
01 }|——Service life of anode— ==
0 1 | 1 . T

0 6] 10 15 20

Qe B0

Anode remaining ratio

Elapsed time (years)

Figure 20 — Results of a study of anode consumption

- An image of the effects of the timing for replacing anodes on the electric current for corrosion
protection is shown in Figure 21. If an anode is replaced with another before it is completely consumed,

the formed electrocoating (electrodeposit) remains on steel surface. The electric current consumed at the
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time of anode replacement can therefore be reduced. If an anode is replaced with another after complete
consumption, the eletrocoating has been lost and additional electric current is required for forming

electrocoating. The anode should therefore be replaced with another before it is completely consumed.

- The rate of anode consumption, like the rate of corrosion of reinforcement steel, is affected by the
dissolved oxygen in seawater, electrical resistance, flow velocity and other factors. It should be noted that
the rate of consumption is likely to vary when these factors vary greatly during the service life of the

anode.

(i) Before protection

Faormation of electro coating on steel surface

<
5 j. Anode replaced afte_r (i) After protection
o = =~¥.> _complete consumption
S 1 \ N
Q1 1 . \/ '_
s I I ~
LU / |""\_ ~ S
(1]

\ ]
5 \ / _rf 1 1 Formation of electrocoating (CaCQO3, Mg(OH)2, etc.
= ~oL 2 Anode is replaced before _
o complete consumption (i) Complete anode consumption
e !
l:l_ -

Replacement of anode Years passed 1

Los of electrocoating .

Figure 21 - Image of the effects of the timing of anode replacement on corrosion
7.2.1.3 Prediction of deterioration of coating protection system

- In cases where the steel is protected by coating, deterioration should be predicted using an
appropriate deterioration model based on the characteristics of each coating method. If selecting an
appropriate deterioration model is difficult, deterioration may be predicted using the degree of

deterioration of the structure as an index.

- The mechanism of deterioration of a coating protection system varies greatly according to the
coating material and application method adopted. The deterioration progress mechanism has yet been
identified in most cases. Developing an appropriate deterioration model is frequently difficult. Currently
conceivable is, therefore, a method for predicting the progress of deterioration by the Markov chain model

using the degree of deterioration (a, b, ¢c and d) of the structure as a deterioration index.
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7.2.2 Prediction of deterioration of concrete members:
7.2.2.1 Prediction of deterioration due to chloride into concrete structures

1) For predicting the deterioration due to chloride intrusion into concrete structures, the time of
commencement of corrosion of reinforcement steel should be predicted by predicting chloride ion

intrusion and the progress of corrosion of reinforcement steel should be predicted.
2) Deterioration should basically be predicted based on the results of inspections and surveys.

- Chloride intrusion causes the deterioration of structural performance as the corrosion of
reinforcement steel in concrete is initiated owing to the existence of chloride ion, the volume expansion
of corrosion products induces cracking or delamination of concrete and the cross section of reinforcement
is reduced. Predicting the time of commencement of corrosion of reinforcement steel requires the
prediction of penetration of chloride ion. For predicting the progress of corrosion of reinforcement steel,
the rate of corrosion of reinforcement steel is necessary. The rate of corrosion after the commencement
of corrosion of reinforcement steel is determined by the supply conditions of water and oxygen that are
necessary for corrosion reaction. Thus, the rate of corrosion varies according to the environment of the
structure or the quality of concrete. The effects of these factors should be taken into consideration when
specifying an appropriate rate of corrosion. If the time of commencement of corrosion of reinforcement
steel and the progress of corrosion of reinforcement steel can be predicted, the reduction of cross section
of reinforcement and the reduction of structural performance of reinforced concrete members may be

predicted.

- As the parameters for predicting the penetration of chloride ion, the results of studies on chloride
ion concentration in concrete using the concrete cores cut from an actual structure should be used. The
rate of corrosion of reinforcement steel required for predicting the progress of corrosion of reinforcement
steel may be estimated based on the results of inspections and surveys by electrochemical and other
methods. At present, however, there is no denying that the rate of corrosion cannot be estimated reliably

accurately. Accumulating the results of further studies is therefore required.
7.2.2.2 Prediction of time of commencement of corrosion of reinforcement steel in concrete.

1) The time of commencement of corrosion of reinforcement steel in concrete should be determined

based on the chloride ion concentration in concrete at the location of the reinforcement.
2) The penetration of chloride ion in concrete can be predicted using Fick's second law.

3) The penetration of chloride ion in concrete should be predicted properly considering the quality of

concrete and the environment in which the structure is in service.

- Reinforcement in concrete is generally has a hydrogen-ion concentration of pH12 or higher and
thus under a highly alkaline condition. Reinforcement in concrete is therefore unlikely to corrode. If
chloride ions penetrate the concrete and a certain level of chloride ion concentration (referred to as limit

chloride ion concentration for the occurrence of corrosion Cim) is reached at the location of reinforcement,
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the passivation film of the reinforcement is destroyed and then corrosion starts. Limit chloride ion
concentration for the occurrence of corrosion Cjim has generally been known to be 1.2 to 2.4 kg/m?3. The
"Technical Standards and commentaries for Port and Harbor Facilities in Japan" present 2.0 kg/m?, the
lower limit obtained in a weathering test conducted in a tidal zone. It has, however, been known that the
limit concentration may be higher in the case of a thicker concrete cover. In cases where the air voids in
concrete are filled with water as in a submarine condition, only insufficient oxygen is available for
corrosion reaction. Then, reinforcement hardly corrodes even at an extremely high chloride ion

concentration.

- Cim should be properly determined considering not only the concrete cover and the weathering
condition but also the importance and designed service life of the structure. In inspections and surveys,
the relationship between the chloride ion concentration in concrete at the location of reinforcement and
the corrosion of reinforcement was identified. The obtained value can be used for specifying Cim. The

corrosion of reinforcement can be verified by locally chipping the concrete.

- Substituting Ciim obtained as described above, concrete cover, chloride ion concentration on
concrete surface Co and apparent diffusion coefficient Ds, to equation (2) produces the time of
commencement of corrosion of reinforcement steel t;». The section concerning the "Check for the
Corrosion of Reinforcement Steel due to Chloride lon Penetration" of the "Technical Standards and
commentaries for Port and Harbor Facilities in Japan" stipulates that the time of commencement of

corrosion of reinforcement steel t;» should be beyond the designed service life.

- The movement of chloride ions in concrete can be regarded as a diffusion phenomenon. A product
obtained by solving equation (1) known as Fick's second law under appropriate boundary conditions
may be used. Equation (2) is generally used. Equation (2) is obtained by solving equation (1) while
setting the initial chloride ion concentration in concrete at 0 (kg/m®) and assuming that the chloride ion
concentration on concrete surface is constant regardless of time. D5, in equation (2) has been defined
as an "apparent diffusion coefficient" because C(x,f) means the total chloride ion per unit volume of

concrete rather than the chloride ion concentration in the liquid phase defined by equation (1)

aC d°C
—=D.|— equation (1

at Cc [aXZ ] q ( )
- where, C is the chloride ion concentration of concrete, D. is the diffusion coefficient of chloride

ion, x is the distance from concrete surface and t is time.

0.1x
C(x,t)=C, |1—erf + Cin equation (2)
2 /Dt

- where, C(x,t) is the chloride ion concentration (kg/m?) at a depth from concrete surface x (mm)
and a time t (years), Co is the chloride ion concentration on concrete surface (kg/m?®), Da, is the apparent

diffusion coefficient of chloride ion (cm?/year) and erf is error function, Cinc is the chloride ion initial.
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- In equation (2) used for prediction, apparent diffusion coefficient D, greatly depends on the
quality of concrete. That is, D4y is considerably affected by water-cement ratio W/C and the type of
cement. The chloride ion concentration on concretesurface Co greatly depends on the weathering
environment (e.g. tidal zone and splash zone). In cases where the results of inspections and surveys are
available concerning the chloride ion concentration distribution, Co and Da, can be obtained through
regression analysis of the chloride ion concentration distribution using equation (2). It should, however,
be noted that the results of inspections and surveys concerning Co and D, vary even in the same

structure.

- If no inspection and survey results are available, Cp and D5, may be obtained by the procedure in
Apendix E.

7.2.2.3 Prediction of progress of corrosion of reinforcement steel in concrete.

1) The progress of corrosion of reinforcement steel in concrete should be properly predicted

considering the quality of concrete and the environment in which the structure is in service.

2) When predicting the progress of corrosion until the occurrence of cracking due to concrete
corrosion, the rate of corrosion of reinforcement steel and the volume of corrosion of

reinforcement steel at the occurrence of corrosion-induced cracking.

3) When predicting the progress of corrosion after the occurrence of corrosion-induced cracking, the
rate of corrosion of reinforcement steel after the occurrence of cracking should properly be

specified.

- A simple model of the progress of corrosion of reinforcing steel in concrete is shown in Figure 22.
Corrosion occurs at a point and the reinforcement corrodes and expands, causing corrosion-induced

cracking. Subsequently, the rate of corrosion increases and the progress of corrosion is accelerated.

j’ Design service life

Corrosion induced/

cracking occurs /

Corrosion of reinforcing steel

N1 '
Carrosion / """"""""" ! """
| occurs Y, . 1 |
0 10 20 30 40 50 60

Elapsed time (years)

Figure 22 — Time-based change in corrosion of reinforcing steel

- Due to predicting the process of reinforcing corrosion is very difficult and inaccurate. Therefore,
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to predict the impact of reinforcement corrosion in the concrete of work items, the Markov chain model

can be applied to predict the deterioration process of the work.

7.3

1)

2)

3)

4)

8.1

8.2
8.2.1

1)

Prediction of progress of deformation using the markov chain model.

In cases where the deterioration mechanism is unknown or modeling the deterioration mechanism
is difficult, using the Markov chain model as a stochastic model enables the prediction of the

progress of structural deterioration.

In cases where the deterioration mechanism is known, modeling using the Markov chain model is
possible. The model is effective where the corrosion condition varies in one and the same

structure and evaluation is difficult.

In cases where the distribution of deterioration conditions and the elapsed time are known in one
and the same structure, the progress of deterioration may be predicted using the Markov chain

model.

When applying the Markov chain model, the number of sub-states representing the condition of

the model should be specified properly.

The Markov modeling method is referenced in Appendix E.
Countermeasures

General

Based on the result of the prediction of deterioration for port facilities, this part will specify the
general requirements of countermeasures to reduce the deterioration of main structures in port

facilities are steel and concrete structure.
Countermeasures for steel structures
General

Corrosion is the major cause of deterioration of steel structures and components. The extent or
severity of corrosion will vary with the exposure zone of the material; that is, whether it is in the
atmospheric zone, the splash or tidal zone, or the submerged zone. Selection of the repair

technique must consider each of these varied conditions and such other elements as:
Facility mission and required life.

Extent of damage and deterioration.

Estimated life expectancy with repairs and without repairs.

Projected load capacities.

Problems associated with mobilization of equipment, personnel, and materials to accomplish

repairs/maintenance.
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Tides and currents
Economics and trade-offs
Planning the repair.

Repairing steel structures are often controlled by the availability of skilled personnel and
equipment. In many cases, structural repairs, particularly of bearing piles and sheet piling, will be
done by contract.

The initial planning step for establishing the repair approach must involve review of prior
inspection reports to determine the range of damage or deterioration, the rate of deterioration,
and specific operational constraints placed upon the facilities because of the deterioration. Once
the scope of repair requirements, including priorities, is established, how the work will be done,

whether in-house or by contract, must be determined.
Repair methods for steel structures

Steel pipe pile without corrosion protections
Anticorrosive coating

Paint

Heavy-duty anticorrosive coating

Super-thick film coating

Corrosion- resistant metal coating

Underwater hardening coating

Petrolatum coating

Mortar coating

Cathodic protection,

Sacrificial anode cathodic protection

Impress current cathodic protection

Partial replacement and complete replacement.
Selecting methods for repair of steel structures

Selecting a technique must address both immediate repairs necessary to restore the structure to
full (or other designated) usage and protective measures needed to prevent further corrosion.
Selecting a means for restoring the structural capacity of the facility may be straight forward, being
generally controlled by the level and rate of deterioration. Decisions on the level of protection
needed to inhibit future corrosion may be more difficult. Generally, these decisions are

economically driven.

65



TCVN xxxxx: 2020

2)

3)

4)

5)

6)

66

(Draft)

Each repair decision must carefully weigh the long-term operational requirements and existing
environmental factors (tides and currents) that can help accelerate corrosion before evaluating
initial. In many cases, combining cathodic protection and protective coating in the repair decision
may be the most cost effective in the long term.

Selection of methods for maintenance and repair of steel structures should be based on the results
of the inspection and evaluation according to the criteria outlined in Appendix A. The corrosion
protection methods for steel piles can be referenced TCVN 11197-2015.

Process diagram for selecting the method of maintenance and repair of port steel structures that
are not protected against corrosion based on criteria for assessing degradation level is shown in
Figure 23.

Process diagram for selecting the method of maintenance and repair of steel structures protected
against corrosion by coating method or by coatings based on criteria for assessing the degree of
degradation shown in the Figure 24. The criteria for assessing the degree of degradation are in

Appendix A.

For cathode-protected steel piles, use a protective voltage measurement method to test. If the
protection voltage does not meet the requirements, it is necessary to check further by measuring
the thickness of the steel pile and the status of the protection system. In this case, maintenance

and repair methods follow the diagram for steel that is not protected against corrosion.



Grade d Grade a

Mo change in status.

There are holes, deformations and

v

significant damaﬂels due to corrosion.

Detailed provisional inspection and diagnosis
-Visual inspection
-Thickness measurement of steel pipe pile

tructural performance satisfy

its designed performance
during service period

Mo

(Draft)
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Yes .
Applying anti-corrosive coating Detailed investigation for evaluation
and cathodic protection of structural performance
i .!, i S
Welding of Strengthening by
steel sheet reinforced concrete

v

and cathodic protection

Applying anti-corrosive coating

b,

Figure 23 - Diagram of maintenance method for steel structure has not been protected against corrosion
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Grade c
O The protection cover sheets are
discolored or whitened.
O Cracks are observed on the
surface but the area is less than 1%.
O The fixing materials of the
protection cover sheets including
bolts, nuts and band materials are
loosened.

Grade b
[(OCracks are observed in the protection cover
sheets or fixing materials and the protection cover
sheets are partially detached.
[J Minor rust fluid traces are observed but there is
no leak.
[0 (When the covering material is removed,)
numerous cracks in the mortar and rust fluid are

Grade a
[ Protection cover sheets are detached in
a wide area.
[ Rust fluid is observed on the mortar
surface.
[0 The mortar is missing and rust is
produced on the steel surface.
OO (When the covering material or mortar
layer is removed,) the thickness of steel is
observed being reduced.

\

observed.
v

Detailed provisional inspection and
diagnosis
-Visual inspection of mortal layer
-Thickness measurement of steel pipe pile

There are holes./ Thickness Yes

will not satisfy its required
value during service period

any cracks are observe Yes

on mortal layer

No

W

-Tighten nuts and bolts
-Revision of visual inspection
interval

Repair of protection cover

Flow diagram for steel pipe pile

without corrosion protections

Figure 24 - Diagram of maintenance method for steel structure protected against corrosion by paint or coatings
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Countermeasures for concrete structure

Planning the repairs

The first steps in planning a repair will be to:

Conduct an inspection to determine the course and range of damage or deterioration.
Determine operational or functional constraints on the facility because of the needed repair.
Establish a priority for the repair.

Based on these factors, planning will then proceed to determine if the job should be done in-house
or on contract, the repair technique to be used, method of placing the concrete, special skills
required, and unique equipment requirements. If underwater repairs are involved, give special

attention to planning for the unique requirements, particularly involving safety.

Repair methods for concrete structures

Suitable methods complying with the objectives should be applied for repair with understanding the cause

of deterioration and damage and characteristics of methods themselves. The following categories of

repair methods are applied:

1)
a)
b)
c)
2)
a)
b)
c)
d)
3)

Crack repair method

Crack covering method (used to cover cracks only)

Injection method

Filling method (used when steel reinforcement is not corroded)
Section repair method

Plaster method

Mortar injection method

Concrete filling method

Spray method

Surface coating method: Surface coating method (used not only for cracks, but also for entire

concrete surfaces)

4)
a)
b)
c)
8.3.3

1)

Electrochemical repair method
Cathodic protection method
Desalination method

Re-alkalization method
Selection of repair methods for concrete structures

The cracks of concrete can be divided into a progressive crack and a non-progressive crack. For
the latter crack, there are cracks for which the width of the crack is periodically changed and

something that does not change by repeating the temperature change for the latter.
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2) The cracks which occur at an early age after construction or even during construction and become
stable with a couple of years are called non-progressive cracks. The main causes of non-
progressive cracks are: drying shrinkage, heat of hydration of cement, settlement and bleeding of
concrete, autogenously shrinkage, improper order of concrete casting, rapid casting, Improper
compaction, improper treatment of joint, changes in temperature and humidity, long-term loading,

and short-term loading.

3) The process diagram for selecting the method of maintenance and repair of reinforced concrete
structures of the port based on the criteria for assessing the degree of degradation is shown in
Figure 25. Criteria for assessing the degradation of reinforced concrete structures in Appendix
A.

Grade ¢ Grade b Grade a

W
Detailed investigation { |
-Chloride ion contents

-Cover thickness :
T Structural performance satisfy
— — its designed performance
Prediction of CL diffusion during service period

into concrete

Widespread delamination
and/or spalling is not
observed.

steel bar will
not reach limit
value during

Prediction of CL
diffusion into concrete
applied surface coating

CL content a
steel bar will

not reach limit
value during

Located
above HW.L.

J

Not repair Surface coating || Cathodic protection || Section repair Section repair
A A with addition of
................................ reinforcing bar

Figure 25 - Diagram to choose the method of maintenance and repair of reinforced concrete

structure based on criteria for assessing the degree of degradation

4) Selecting crack repair methods for preventive maintenance is shown in 8.3.2 in this Part.
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9 Report and record of maintence document
9.1. General

An engineering report, including documentation, generally provides a systematically organized record of
the inspection; the conditions encountered; the analyses, assessments, and judgments made by the
responsible engineer; and recommendations for future use and remedial measures. Depending on the
needs of the client, the report may range from a simple summary letter to a highly detailed narrative

supplemented by extensive documentation of existing conditions, testing, and analyses.

The extent of the report should be determined by the complexity of the structure, the type of inspection,
and the needs of the owner. Factors that may influence the choice of report format and detail include the
owner’s standards; the size, complexity, and importance of the structure; the existing condition; the
anticipated use and distribution of the final report; and the potential for public involvement or litigation

related to the facility.

The type of report may influence the extent of data collection and documentation work necessary. Even
simple letter reports, which summarize the results of inspection and analysis activities, may require broad
inspection and analysis activities as a basis for the report. The documentation of these activities may not

be included in the final report but should be available to support the contents.
9.2. Periodic inspection report

Reports for these inspections may contain many of the same items discussed herein. Some items may
not apply to all reports, and additional items may be essential to certain reports. Though the length, detail,
organization, and arrangement of specific items within a report may vary, reports should include the

following sections:
- Basis for conducting inspection
- General information about construction and inspection objects
- Content, order of inspection
- Experimental results, calculations, analysis, monitoring and evaluation
- Conclusions and recommendations
- Appendices

9.2.1 The basis for conducting an inspection includes legal basic, specialized regulations and relevant
decisions of the port owner. There are also applicable standards and references documents in the

inspection process
9.2.2 General information about construction and inspection objects
The following information should be provided in the introduction of the project

- The name of the constructure, the owner and the location of the facility;
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Characteristics of natural conditions including hydrological conditions, geological and

environmental conditions of the facility;

Structure characteristics include drawings depicting the structural configuration of the structure.
These drawings typically consist of a location plan, general plan(s), and cross sections through
the overall structure sufficient to describe the basic features of the facility. A description of the

functions and uses of the facility and design loads should also be provided.

The list of objects to be inspection and the number of members that need to be checked according
to the approved outline should be clearly stated in the report.

Content, order of inspection

The main content should be included in the report included

9.24

9.25

9.2.6

Results of observation and inspection by simple devices of construction components, assessment

of the current status and classification of damage, degradation;
Detailed inspection methods according to relevant standards;
The order of inspection should also be included in the report.

Experimental results, calculations, analysis, monitoring and evaluation
This section should include the results of the inspection, special testing accomplished in the field,
and results of any laboratory testing. These results should be documented with notes, sketches,

photographs, and video as appropriate.

In the report should include an evaluation of the structure, based on the information described
and gathered above. Each condition described in the earlier section should be evaluated and a

statement made as to the effect of the condition on the capacity and serviceability of the structure

The results of the calculation of the bearing capacity of the structure and the analysis of the
suitability with design should be included in the report;

Results of monitoring and analysis compared with old results should be included in the report.
Conclusions and recommendations

A review of the evaluation of all experiments, field and laboratory tests should be made. On that

basis, the general conclusions for the current status of the work are given.

This section should contain recommendations for future use (or restrictions on the use) of the
structure; recommendations for repairs or replacement; recommendations for the type of

inspection and timing thereof.

Appendices

One or more appendices may be included containing data, analyses, and supporting information. They

may include items such as environmental data, field and laboratory testing results and procedures,

calculations, subconsultant reports, and references.
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9.3 Documentation

9.3.1 Documents for maintenance work include:

- Documents for maintenance work include construction maintenance process, completion
drawings, equipment installation history and other necessary documents and documents for

maintenance port construction;
- Maintenance program;
- Results of regular and periodic construction inspection;
- Results of maintenance and repair works;
- Results of monitoring, results of construction quality inspection (if any);

- Results of assessment of bearing safety and operation of the project during exploitation and use
(if any)
- Other relevant documents

9.3.2 Electronic record keeping

Hard copies of inspection records have been traditionally retained for the record. Although simple and to
the point, the information is subject to loss, destruction, or misinterpretation due to the individuality of the
inspector and the method of recording and maintaining the information. Inspection records are now often
collected and maintained electronically. Furthermore, with various tools embedded in the software
applications, the possibility of misinterpretation and data loss (or duplication) is greatly reduced if data is

entered directly into the application in the field.
9.3.3 Data comparison over time

Various inspections may have taken place for a specific facility over the course of years or decades. This
creates an opportunity to “track the damage” and develop information that can be helpful in forming
opinions as to future degradation and recommendations for repairs. If data is compiled in such a manner
that allows for modification during future inspections, the information can be configured to provide
“snapshots” of information at any particular time while allowing for subsequent alteration of the records
to incorporate future degradation. Data that are developed to support this type of analysis must be
prepared in a well thought-out and organized manner using software designed for this purpose.
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APPENDIX

APPENDIX A: Check items and deterioration judgment criteria for Periodic inspection

1. Waterways and basins
Table A.1 - Check items and deterioration judgment criteria for Waterways and basins

Inspection Check items Inspection method Deterioration judgment criteria
category
a | Itis seemed that there are some parts not meeting the specified water depth.
| Water depth Slmple bathymetric survey using
a simple depth sounder c
d | Specified water depth is secured.
a | There are floating obstacles
Status of b
I waterways or Visual check
mooring basin C
d | No change in status.
2. Protective Facilities

2.1 Caisson breakwater
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Table A.2 - Check items and deterioration judgment criteria for parts above water level by Visual check

Inspection Check items Inspection method Deterioration judgment criteria
category
) ) a | Caissons are detached partially from the mound
V|§ual check: (incl. measurements There is a gap equivalent to the width of sidewall (40-50 cm) between the
. using a tape measure or other b :
Displacement ; caissons
instruments. The same shall apply There i T
hereafter): Horizontal displacement ¢ ereisa s.ma gap
d | No change in status
| a | There are holes, cracks and losses allowing flow-out of filling
Deterioration | Visual check: Cracking, spalling, | Cracks about 3 mm wide in several directions are observed; Steel bars are
: and damages and missing; Exposure exposed over a wide area
Caisson e — - —
damages of of steel bars; Signs of c Cracks about 3 mm wide in a single direction are observed; Steel bars are locally
concrete deterioration, etc. exposed
d | No change in status.
a | Significant settlement (about 1 m-deep) is observed
Visual check: (ioint b A difference in level of several tens of centimeters deep between caissons is
Settlement Isual check. (oint gap), observed
difference in level - . : - -
c | A difference in level of several centimeters deep between caissons is observed
d | No change in status
; ; a | There are deficiencies causing adverse effect on function of the breakwater
Deterioration Visual check: Cracki I
Super and Isual check: Lracking, spalling, | | Ccracks 1 cm wide or more are observed; o There are minor missings
structure damages of damages and missing; Signs of Cracks | than 1 i b q
t deterioration, etc. c | Cracks less than 1 cm wide are observe
concrete d | No change in status.
I . _ a The section area of the wave-dissipating structure of a unit inspection segment is
. Visual check: Deformation of reduced more than the length of one layer of the block by erosion
?'Spla};emen :;gown, slodpe andt_top Cif sltt)pe _Of b The section area of the wave-dissipating structure of a unit inspection segment is
» Scattering, € wave dissipating structure, reduced by erosion (less than the length of one layer of the block)
settlement | Displacement and scattering of the — :
Wave wave-dissipatina blocks ¢ | Wave-dissipating blocks are moved in part (scattered, settled)
dissipating pating :
d | No change in status.
work % of block hipped
Visual check: Damages and a | 25% of blocks are chippe
Damages, cracks of the wave-dissipating b | There are changes of between degrees a and c
deficiencies | blocks; Number of chipped c | There are several blocks chipped or partially deteriorated
blocks d| No change in status.
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Inspection
category

Check items

Inspection method

Deterioration judgment criteria

Deterioration

Diving inspection: Cracking,
spalling, damages and

There are holes, cracks and losses allowing flow-out of filling

Cracks about 3 mm wide in several directions are observed; Steel bars are
exposed over a wide area

Caisson acr:fd gc?r?c]?gtis rbnallfssmsglgrlfg %cf’sduer,;rci);rs;ﬁg:], Cracks about 3 mm wide in a single direction are observed; Steel bars are locally
etc. exposed
No change in status
| There is a scouring of more than 1 m deep at the front-foot part of slope of rubble
mound; There is an impact on the mound or the caisson itself due to scouring; The
Diving inspection: Uplift of scouring prevention mat is lost or wrinkles
Scouring, seabed; Whether the sign of There is a scouring of 0.5 to 1 m deep at the front-foot part of slope of rubble
Seabed sedimentation scouring or sedimentation is mound; About 50% of the scouring prevention mat is damaged
observed. There is a scouring or sedimentation of less than 0.5 m deep; About 10% of the
scouring prevention mat is damaged
No change in status.
Displacements, material scatterings or settlements of 5% or more damages are
Diving inspection: observed.
Displacement, | Deformation of slope, top Displacements, material scatterings or settlements of 1 to 5% damages are
Covering cattering, and foot of slope; Scattering observed.
settlement and displacement status of Displacements, material scatterings or settlements of less than 1% damages are
blocks and stones observed.
No change in status
Displacement, scattering or settlement is observed in a wide area of more than
Diving inspection: 50% of a unit inspection segment.
FOOt. Displacement, Deformation of slope, top Displacement, scattering or settlement is observed in an area of 10 to 50% of a
. protecktlon scattering, and foot of slope; Scattering unit inspection segment.
works settlement and displacement status of Displacement, scattering or settlement is observed in an area of less than 10% of
blocks and stones a unit inspection segment.
No change in status.
Diving inspection: Deformation The section area of the wave-dissipating structure of a unit inspection segment is
. of crown, slope and top of reduced more than the length of one layer of the block.
~Wave Displacement, slope of the wave dissipating The section area of the wave-dissipating structure of a unit inspection segment is
dissipating scattering, structure; Displacement and reduced by erosion (less than the length of one layer of the block)
structure settlement '

scattering of the wave-
dissipating blocks

Wave-dissipating blocks are moved in part (scattered, settled)

No change in status.
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Table A.4 - Check items and deterioration judgment criteria for Detailed inspection by advanced equipment

Inspection Check items Inspection method Deterioration judgment criteria
category
Displacement amount: Measurement of displacement distance, leveling
Displacement from the normal | (inclination is obtained from difference of elevation
line at the time of completion at 4 points of corners on the crown), using a Record the data of survey and measurement, and file
Breakwater of the work or displacement clinometer...; Survey on normal line, measurement | them so that they may be available to evaluate the levee
in whole from a fixed point; Gap of the of gaps of the joints, diving inspection; Determined | body for displacement, gaps of joints, and inclination.
joints Inclination amount referring to the measurement results or measured
Inclination of levee body by clinometers.
Settlement Levelin Record the data of survey and file them so that they may
9 be available to evaluate the levee body for settlement.
Deterioration and damages of Deta|le;d |.nsp')ect|on: Cracking, spalllhg,_ damages They should be filed in the form of a changes-in-state
and missing; Exposure of steel bars; Signs of
concrete o map of cracks
deterioration, etc.
[ Covering depth - Chipping test etc Record actual measurement values or predicted values
of covering depth.
« Compression strength test of concrete
Caisson Analysis of concrete * Measurement of chloride ion content (carbonation Record the measurement values.
measurement and chemical analysis, if necessary)
a Cavities are observed (there is an flow-out of
. e sand filling or a flow-out potentiality.)
Prpdl_Jcnon of cavilities in the Visual checking through bored holes. Etc. b ----
caission o —
d No cavity is observed (no flow-out of sand filling)
. . Record the data of survey and file them so that they may
. . . Inspection of geometry of the underwater section, . . -
Seabed | Scouring, sedimentation . be available to evaluate the seabed for scouring and soll
bathymetric survey, etc. ; ;
sedimentation.
Supers- | Deterioration and damages of Detaﬂgd |.nspect|on: Cracking, spalllpg,_ damages They should be filed in the form of a changes-in-state
and missing; Exposure of steel bars; Signs of
tructure | concrete o map of cracks.
deterioration, etc.
Foot . . . . Record the data of survey and file them so that they may
. Displacement, scattering, Inspection of geometry of the underwater section, . .
protection . . be available to evaluate the foolt protection works for
settlement Cross section surveying, etc. ) ;
i works displacement, scattering and settlement.
Di . . . Record the data of survey and file them so that they may
. isplacement, scattering, Inspection of geometry of the underwater section, . .
Covering : ) be available to evaluate the foolt protection works for
settlement Cross section surveying, etc. ) .
displacement, scattering and settlement.
Wave . . . . Record the data of survey and file them so that they may
N Displacement, scattering, Inspection of geometry of the underwater section, . .
dissipating : ) be available to evaluate the foolt protection works for
settlement Cross section surveying, etc. ) .
work displacement, scattering and settlement.
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2.2 Sloping breakwater
Table A 5 - Check items and deterioration judgment criteria for parts above water level by Visual check
Inspection Check items Inspection method Deterioration judgment criteria
category

There are misalignment or lateral displacements more than 20 cm from the

Visual check: (incl a| adjacent span; Changes in state are observed on the normal line as detrimental to
isual check: (inc ; the function of the structure.
measurements using a tape — _ _
. measure or other instruments. There are misalignment or lateral displacements 10 to 20 cm from the adjacent
I Displacement Th b - Ch in stat b donth i
e same shall apply span; Changes in state are observed on the normal line
hereafter): Horizontal < | In other cases than the above, there are misalignment or lateral displacements
displacement less than 10 cm from the adjacent span.
No change in status
a | Significant settlement (about 1 m-deep) is observed
visual check: (io b A difference in level of several tens of centimeters deep between caissons is
Settlement isual check: (joint gap), observed
difference in level - - - ) .
c | A difference in level of several centimeters deep between caissons is observed
d | No change in status
. ) . a | There are deficiencies causing adverse effect on function of the breakwater
Deterioration Visual check: Cracking, _ _ —
Super ded ¢ spalling, damages and b | Cracks 1 cm wide or more are observed; There are minor missings
and damages o S ;
structure concre%e missing; Signs of c | Cracks less than 1 cm wide are observed
deterioration, etc. ;
d | No change in status.
I a The section area of the wave-dissipating structure of a unit inspection segment is
Visual check: Deformation of reduced more than the length of one layer of the block by erosion
Displacement, | crown, slope and top of slope _Of b The section area of the wave-dissipating structure of a unit inspection segment is
scattering, the wave dissipating structure; reduced by erosion (less than the length of one layer of the block)
settlement Displacement and scattering of — -
Wave the wave-dissipating blocks ¢ | Wave-dissipating blocks are moved in part (scattered, settled)
dissipating d| No change in status.
work 25% of block hipped
. a of blocks are chippe
Visual check: Damages and > PP
Damages, cracks of the wave-dissipating | P | There are changes of between degrees a and ¢
deficiencies E:Octsi Number of chipped c | There are several blocks chipped or partially deteriorated
ocks ,
d | No change in status.
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Table A 6 - Check items and deterioration judgment criteria for parts that are difficult to check by Diving inspection

Inspection Check items Inspection method Deterioration judgment criteria
category
There is a scouring of more than 1 m deep at the front-foot part of slope of rubble
mound; There is an impact on the mound or the caisson itself due to scouring; The
scouring prevention mat is lost or wrinkles
Diving inspection: Uplift of - :
Scouring seabed; Whether the sign of There is a scouring of 0.5 to 1 m deep at the front-foot part of slope of rubble
I Seabed . ! S . g d: About 50% of th : . is d d
sedimentation | scouring or sedimentation is mound; About 50% of the scouring prevention mat is damage
observed. There is a scouring or sedimentation of less than 0.5 m deep; About 10% of the
scouring prevention mat is damaged
No change in status.
Displacements, material scatterings or settlements of 5% or more damages are
observed.
Displacement, | DIVing inspection: Deformation of Displacements, material scatterings or settlements of 1 to 5% damages are
: . " | slope, top and foot of slope; observed
Covering cattering, . . .
lement Scattering and displacement - - -
settle status of blocks and stones Displacements, material scatterings or settlements of less than 1% damages are
observed.
No change in status
Displacement, scattering or settlement is observed in a wide area of more than
50% of a unit inspection segment.
Foot Displacement Diving inspection: Deformation of Displacement, scattering or settlement is observed in an area of 10 to 50% of a
I protection scattering slope, top and foot of slope; unit inspection segment.
works | : Scattering and displacement - : - -
settlement status of blocks and stones Displacement, scattering or settlement is observed in an area of less than 10% of
a unit inspection segment.
No change in status.
The section area of the wave-dissipating structure of a unit inspection segment is
Visual check: Deformation of reduced more than the length of one layer of the block.
Wave . ’
dissipatin | D'Splacement, | crown, slope and top of slope of The section area of the wave-dissipating structure of a unit inspection segment is
g scattering, the wave dissipating structure; reduced by erosion (less than the length of one layer of the block)
settlement Displacement and scattering of — :
structure the wave-dissipating blocks Wave-dissipating blocks are moved in part (scattered, settled)
No change in status.
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Table A.7 - Check items and deterioration judgment criteria for Detailed inspection by advanced equipment

Inspection
category

Check items

Inspection method

Deterioration judgment criteria

Breakwater in

Displacement amount:
Displacement from the normal
line at the time ofcompletion of
the work or displacement from a
fixed point; Gap of the joints
Inclination amount Inclination of

Measurement of displacement distance,
leveling (inclination is obtained from
difference of elevation at 4 points of
corners on the crown), using a
clinometer...; Survey on normal line,
measurement of gaps of the joints, diving
inspection; Determined referring to the

Record the data of survey and measurement, and file
them so that they may be available to evaluate the
levee body for displacement, gaps of joints, and
inclination.

concrete

bars; Signs of deterioration, etc.

whole
| levee body measurement results or measured by
clinometers.
Record the data of survey and file them so that they
Settlement Leveling may be available to evaluate the levee body for
settlement.
. Record the data of survey and file them so that they
. . . Inspection of geometry of the underwater ) .
Seabed Scouring, sedimentation ; X may be available to evaluate the seabed for scouring
section, bathymetric survey, etc. . . .
and soil sedimentation.
Deterioration and damages of Detailed Inspection: Crackmg, spalling, They should be filed in the form of a changes-in-state
Superstructure damages and missing; Exposure of steel

map of cracks.

Foot protection

Displacement, scattering,

Inspection of geometry of the underwater

Record the data of survey and file them so that they
may be available to evaluate the foolt protection

works settlement section, cross section surveying, etc. works for displacement, scattering and settlement.
. . . Record the data of survey and file them so that they
. Displacement, scattering, Inspection of geometry of the underwater ; .
Covering : : : may be available to evaluate the foolt protection
settlement section, cross section surveying, etc. : )
works for displacement, scattering and settlement.
Wave : : : Record the data of survey and file them so that they
L Displacement, scattering, Inspection of geometry of the underwater . .
dissipating . . . may be available to evaluate the foolt protection
settlement section, cross section surveying, etc. : )
work works for displacement, scattering and settlement.
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Table A.8 - Check items and deterioration judgment criteria for parts above water level by Visual check (1/4)

Inspection
category

Check items

Inspection method

Deterioration judgment criteria

Displacement of the whole structure

Visual check: (incl.
measurements using scales
and measures. Hereinafter
the same applies);
Displacement amount

There are misalignment or lateral displacements more than 20 cm from the
adjacent span; Changes in state are observed on the normal line as detrimental
to the function of the structure.

There are misalignment or lateral displacements 10 to 20 cm from the adjacent
span; Changes in state are observed on the normal line

In other cases than the above, there are misalignment or lateral displacements
less than 10 cm from the adjacent span.

No change in status

Settlement of the whole structure

Visual check: Settlement of
the levee body

Significant settlement (about 1 m deep) is observed.

There is difference in level about several ten centimeters from the adjacent
span.

There is difference in level about several centimeters from the adjacent span.

No change in status

Main works
(gravity type)
(In the case
of reinforced
concrete)

Deterioration and
damages of
concrete

Visual check: Cracking,
spalling, damages and
missing; Signs of
deterioration, etc.

There are holes, cracks and losses allowing flow-out of filling.

Cracks about 3 mm wide in several directions are observed; Steel bars are
exposed over a wide area.

Cracks about 3 mm wide in a single direction are observed; Steel bars are
locally exposed

No change in status.

Rear part of
the
revetment
and levee
or the levee
itself

Cave-in, flow-out

Visual check (of places
wherethere is a settlement,
cave-in, orgap at the joint):
Status of the rear ground of
the levee; Gap and
misalignment of the joints

There is flow-out of the filling from the rear part of the revetment or levee, or
from inside the levee body; There are caves-in the ground bearing the rear part
of the revetment or levee, as well as in the ground of the levee body itself.

There are significant gaps or misalignments at the joints of the levee.

There are minor gaps or misalignments at the joints of the levee

No change in status.
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Table A.8 - Check items and deterioration judgment criteria for parts above water level by Visual check (2/4)

IZ:?;;S%” Check items Inspection method Deterioration judgment criteria
a| There are damages detrimental to the function of the parapet wall.
Deterioration and Visual check: Cracking, b | Cracks about 3 mm wide in several directions are observed; Steel bars are
damages of spalling, damages; exposed over a wide area.
concrete (In the Corrosion of reinforcing — - ——
case of reinforced bars; Signs of deterioration, | ¢ Cracks about 3 mm wide in a single direction are observed; Steel bars are
concrete) etc. locally exposed.
Parapet d| No change in status.
wall a There are signs of flow-out of soil from penetrating crack; The missing is 10 % or
more in area to the surface of the component.
Deterioration and . . . .
I damages of concrete Visual check: Cracking, b| The missing is less than 10% in area to the surface of the component.
. spalling, damages; Signs of ) ) . .
(In the case of plain | i vion. ete. < | There are penetrating cracks but no sign of flow-out of soil; There is non-
concrete) ’ penetrating crack 1 cm wide or more.
d| No change in status.
a| There are holes, deformations and significant damages due to corrosion
Corrosion, cracks Visual check: Presence of bl----
Steel sheet dd f holes: h h
e etc and damages o oles; Scratches on the
prie, steel surface Cl----
d| No hole and deformation due to corrosion.
a| There are deficiencies causing adverse effect on function of the structure.
Main Deterioration * Visual check: Cracks, b| Cracks 1 cm wide or more are observed; o There are minor missings.
Il structure anddamages of damages and missing; -
(gravity type) | concrete Signs of deterioration, etc ¢ | Cracks less than 1 cm wide are observed.
d| No change in status
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Table A.8 - Check items and deterioration judgment criteria for parts above water level by Visual check (3/4)

Inspection Check items Inspection method Deterioration judgment criteria
category
a Rust and heaving are observed in a wide area; Peeling off and cracks of coating causing rust
are produced in a wide area; The defect area is less than 10%.
_ _ b Major rust or heaving is observed ; Peeling off of coating causing rust is produced in a wide
Paint Vlsugl check: Rus@ and heaving; area; The defect area is 0.3% or more and less than 10%.
Peeling off of coating There are rust and heaving in some area; The painting is peeled off in parts and cracks are
¢ dotted; The defect area is 0.03% or more and less than 0.3%.
d There is almost no change and a sound status of coating is kept; The defect area is less than
0.03%.
Heavy- duty anticorrosive a| The heavy-duty anticorrosive coat is significantly deteriorated with noticeable corrosion of steel.
coating; Super-thick film Visual check: | | partially the coating deterioration reaches the steel, and the steel components are corroded.
coating; Cprrgsmn resistant Detenqratlon ¢ | Major damages of coating are observed in many parts but the damage doesn’t reach the steel
o | metal coating; Underwater of coating -
£ hardening coating d| No change in status.
§ a Protection cover sheets are detached and the petrolatum coating is exposed or detached, and
.|l o rusting is observed on the steel surface
% % b There are cracks in the protection cover sheet or the cover plate; Corrosion is observed on
s | £ | Petrolatum| Visual check: Protection cover bolts, nuts, or band material.
3| 8 | coating sheet; Bolts, nuts The protection cover sheets are discolored or whitened; Micro cracks are observed on the
1] g g c | surface of the protection cover sheet; There are loosened bolts, nuts or band materials; Partial
< < peeling off is observed on the edge seal
o d | No change in status.
% Protection cover sheets are detached in a wide area; Rust fluid is observed on the mortar
a| surface; The mortar is missing and rust is produced on the steel surface; (When the covering
material or mortar layer is removed) the thickness of steel is observed being reduced.
Visual check: Protection cover Cracks are obsgrved in the protgction cover sheets or fixing materials and the protection cover
Mort_ar sheet: Deteribration and b | sheets are partlaIIy_ de_tached; Minor rust fluid traces_are observed but there is no leak; (When
coating dama’ges of mortar the covering material is removed) numerous cracks in the mortar and rust fluid are observed.
The protection cover sheets are discolored or whitened; Cracks are observed on the surface
c | but the area is less than 1%; The fixing materials of the protection cover sheets including bolts
and nuts are loosened.
d| No change in status.
Measurement of electrical a| The corrosion control potential is not maintained
Cathodic potent?al (corrosion control bl ---
protection potential per electrode)
 Saturated calomel - 800mV c|---
» Seawater silver chloride - 800mV i . .
d| The corrosion control potential is maintained

» Saturated copper sulfate -800mV
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Table A.8 - Check items and deterioration judgment criteria for parts above water level by Visual check (4/4)

Inspection
category

Check items

Inspection method

Deterioration judgment criteria

Wave dissipating work

Displacement,
scattering, settlement

Visual check: Deformation of
crown, slope and top of slope
of the wave dissipating
structure; Displacement and
scattering of the wave-
dissipating blocks

The section area of the wave-dissipating structure of a unit inspection segment
is reduced more than the length of one layer of the block by erosion.

The section area of the wave-dissipating structure of a unit inspection segment
is reduced by erosion (less than the length of one layer of the block)

Wave-dissipating blocks are moved in part (scattered, settled

No change in status.

Damages, deficiencies

Visual check: Damages and
cracks of the wave-dissipating
blocks; Number of chipped
blocks

25% of blocks are chipped.

T ([ |o0

There are changes of between degrees a and c.

(¢]

There are several blocks chipped or partially deteriorated

No change in status.

Drainage
equipment

Breaks of drainage
equipment, deformation
and corrosion of

Visual check (inclmeasurement
using scales and measures.
Here in after the same applies):
Clogging of ditches; Breaks,

Breaks and damages are observed on drain ditches or drain pits; The drain ditch
or drain pit is clogged with soil; o Gratings are lost; Gratings are deformed and
corroded significantly and unusable

o

gratings deformations; Corrosion of c | Gratings are deformed or corroded.
gratings
d| No change in status
a| The function of the apron is lost due to their cracks and damages.
Front | Cracks and damages of | Visual check bi---
apron | front apron * Cracks and damages c | Cracks in the apron are observed

No change in status
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Table A.9- Check items and deterioration judgment criteria for parts that are difficult to check by Diving inspection (1/3)

Inspection
category

Check items Inspection method Deterioration judgment criteria
S _ _ There are holes, cracks and losses allowing flow-out of filling.
Main Deteriorati q DIVI|r|1_g mzpectlon. Craa\ckmg, Cracks about 3 mm wide in several directions are observed; Steel bars are
structure cterioration an spa !ng,' amagesan exposed over a wide area.
(gravity damages missing; Exposure of steel Cracks about 3 mm wide in a single direction are observed; Steel bars are
of concrete bars; Signs of deterioration, g '
type) etc locally exposed.
No change in status
There are holes, deformations and significant damages due to corrosion; There
_ is a sign of flow-out of filling materials.
Steel sheet | COrTOSION, cracks Diving inspection There are corrosion holes around the L.W.L; Rusting is observed in the whole
. and damages of
pile, etc. steel area.
Rusting is partially observed.
No change in status.
Flows-out, breaks or missings of foundation are observed. There is significant
Diving inspection: Forward dr:spla_cement or settlement; There are significant gaps or difference in level at
Foundati Displacement, squeezing, inclination, the joints. : :
oundation | <o tement, settlement of the structure; There are minor displacements or settlements on the foundation works; There
works damages Gaps and difference in levelat are minor gaps or difference in level at the joints.
joints; Damages of concrete ———
No change in status
Flow-out is observed or there is a possibility of flow-out; The sand invasion
prevention plate is broken; The sand invasion prevention plate is possibly
tf?ee?ervrt)a?rgg;t - ( Electromagnetic radar survey broken.
4] O‘QV'OU_ : ¢ ) Visual check through bored Cavities are possibly produced; There are significant deterioration, fissures or
and levee or | production of cavity holes damages in the joint cover.
the levee itself - - - - ; —
There are minor deterioration, fissures or damages in the joint cover.
No flow-out occurs (no cavity is observed).
There is a scouring of more than 1 m deep at the front-foot part of slope of
o ) rubble mound; There is an impact on the mound or the levee body itself due to
_ D|V|_ng inspection scouring.
Seabed Sco_urmg, . » Uplift of seabe_d ) There is a scouring of 0.5 to 1 m deep at the front-foot part of slope of rubble
sedimentation » Whether the sign of scouring mound.
or sedimentation is observed There is a scouring or sedimentation of less than 0.5 m deep.
No change in status.
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Table A.9- Check items and deterioration judgment criteria for parts that are difficult to check by Diving inspection (2/3)

Inspection

Steel sheet pile, etc.

Anticorrosive coating

* Peeling off of coating

category Check items Inspection method Deterioration judgment criteria
Rust and heaving are observed in a wide area; Peeling off and cracks of coating
causing rust are produced in a wide area; The defect area is less than 10%
Diving inspection Major rust or heaving is observed; Peeling off of coating causing rust is produced in
Paint * Rust and heaving a wide area; The defect area is 0.3% or more and less than 10%.

There are rust and heaving in some area; The painting is peeled off in parts and
cracks are dotted; The defect area is 0.03% or more and less than 0.3%

There is almost no change and a sound status of coating is kept; The defect area is
less than 0.03%

Heavy-duty anticorrosive
coating; Super-thick film
coating; Corrosion
resistant metal coating;
Underwater
hardening coating

Diving inspection
* Deterioration of coating

The heavy-duty anticorrosive coat is significantly deteriorated with noticeable
corrosion of steel.

Partially the coating deterioration reaches the steel, and the steel components are
corroded

Major damages of coating are observed in many parts but the damage does not
reach the steel.

No change in status.

Petrolatum
coating

Diving inspection
« Protection cover sheet
* Bolts, nuts

Protection cover sheets are detached and the petrolatum coating is exposed or
detached, and rusting is observed on the steel surface.

There are cracks in the protection cover sheet or the cover plate; Corrosion is
observed on bolts, nuts, or band material.

The protection cover sheets are discolored or whitened; Micro cracks are observed
on the surface of the protection cover sheet; There are loosened bolts, nuts or band
materials; Partial peeling off is observed on the edge seal.

No change in status.

Mortar coating

Diving inspection
* Protection cover sheet
* Deterioration and
damages of mortar

Protection cover sheets are detached in a wide area; Rust fluid is observed on the
mortar surface; The mortar is missing and rust is produced on the steel surface;
(When the covering material or mortar layer is removed,) the thickness of steel is
observed being reduced.

Cracks are observed in the protection cover sheets or fixing materials and the
protection cover sheets are partially detached; Minor rust fluid traces are observed
but there is no leak; (When the covering material is removed,) numerous cracks in
the mortar and rust fluid are observed.

The protection cover sheets are discolored or whitened; Cracks are observed on the
surface but the area is less than 1%; The fixing materials of the protection cover
sheets including bolts and nuts are loosened.

No change in status.
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Table A.9- Check items and deterioration judgment criteria for parts that are difficult to check by Diving inspection (3/3)

Inspection Check items Inspection method Deterioration judgment criteria
category
()
25 Measurement of electrical potential
S £ Electrical |+ Saturated calomel-800mV Record electrical potential measurements to be filed in the form of an
3 § potential |+ Seawater silver chloride- 800mV equipotential contour.
E * Saturated copper sulfate- 850mV
G c a The anode is lost or consumed totally; There is a defect in the mounting
© 2 9 of anode (hung).
) @2 Diving inspection b
2 g g o Anode » Check the actual status (total) c
3 oS >
= SEY d | No abnormality such as missing or damages
e
T e
§ g 2 » Measurement of anode erosion(3to | Record the measurement results of consumption of anode and predict the
n 5% of the whole) rest of the service life.
o< o . a | There are terminals discolored or bolts and nuts loosened.
S8 DC and Detailed inspection
2 @ 8 electrical » Discoloring of terminals b
I S 2= equipmen |+ Loosening of bolts and nuts ¢
d | No change in status.
a Displacement, scattering or settlement is observed in a wide area of
é Disol Diving inspection more than 50% of a unit inspection segment.
903 @ ntlsp aceme |, peformation of slope, top and b Displacement, scattering or settlement is observed in an area of 10 to
g_ o] séattering foot of slope 50% of a unit inspection segment.
- s settlemeni + Displacement or scattering of c Displacement, scattering or settlement is observed in an area of less
Q stones or blocks than 10% of a unit inspection segment.
d | No change in status.
The section area of the wave-dissipating structure of a unit inspection
= o . a | segment is reduced more than the length of one layer of the block by
Q— L] 1 . . . - . . .
2 =< nt, Dleformauon of slope, top and foot of The section area of the wave-dissipating structure of a unit inspection
S g scattering, S PPT . ¢ b | segment is reduced by erosion (less than the length of one layer of the
o settlement |° cI?rlsbrioaz:ckesment or scattering of stones block)
g ¢ | Wave-dissipating blocks are moved in part (scattered, settled)
d | No change in status.
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Table A.10 - Check items and deterioration judgment criteria for Detailed inspection by advanced equipment (1/2)

Inspection Check items Inspection method Deterioration judgment criteria
category
. . . ) Record the data of survey, and file them so that they may be
Displacement, Measurement of displacement distance; s
o - : . available to evaluate the revetment and whole levee for
inclination Leveling; Surveys using clinometers, etc. . L
Revetment, displacement and inclination.
whole levee Record the data of survey, and file them so that they may be
Settlement Leveling available to evaluate the revetment and whole levee for
settlement.
Deterioration and Diving '“Spec“o'_“ C_:ra.ckmg, spalling, They should be filed in the form of a changes-in-state map of
damages of damages and missing; Exposure of steel cracks
concrete (RC) bars; Signs of deterioration, etc. '
» Compression strength test of concrete
Analysis of * Measurement of chloride ion content
Main concrete (carbonation measurement and chemical Record the measurement values.
structure analysis, if necessary)
(gravity type) 4 | There is an flow-out of sand filling or a flow-out potentiality
i (Cavities are observed.)
Proq_uctl_on of Visual checking through bored b |---
cavities in the
; holes, etc. c |---
caisson
d | No flow-out of sand filling (No cavity is observed.)
Deterioration and Detailed |.nspect|on, etc: Cracks, .spe_llllng, They should be filed in the form of a changes-in-state map of
damages of damages; Exposure of steel bars; Signs of cracks
Outer slope concrete deterioration, etc
covering: Cc_)rrosm_)n of Natural electrical potential Record natural_ electrl_cal potential measurements to be filed in the
Crown reinforcing bars form of an equipotential contour.
covering; Back | Corrosion rate of o . Record polarization resistance measurements to be filed in the
; ) Measurement of polarization resistance . ;
slope reinforcing bars form of an equipotential contour.
covering; « Compression strength test of concrete
Parapet Analysis of » Measurement of chloride ion content
. . Record the measurement values.
concrete (carbonation measurement and chemical
analysis, if necessary)
Corrosion, cracks o . They should be filed in the form of a changes-in-state map of
Steel sheet | and damages of Detailed inspection .
. corrosion holes.
pile, etc. steel.
Measurement of Ultrasonic thickness gauge Record the measurement values.
thickness
Scourin Inspection of aeometrv of the underwater Record the data of survey, and file them so that they may be
Seabed 9, b 9 y available to evaluate the foot protection works for displacement,

sedimentation

section, cross sectional survey, etc.

scattering and settlement.
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Table A.10 - Check items and deterioration judgment criteria for Detailed inspection by advanced equipment (1/2)

Inspection
category

Steel sheet
pile, etc.

Check items Inspection method Deterioration judgment criteria
Detailed inspection: Corr05|.on and They should be filed in the form of a changes-in-state map of
. . . exposure of steel members; Damages ; . . ; ;
Anticorrosive coating . o rusting, heaving, cracking and peeling-off of coating.
of covering materials; Status of
protection covers
o .
° Anode Measurement ks _cur_r(_ant. Both Record the measured amount of current to be used for
oc @ sides, central part and significantly . X ;
26§ ) evaluating the status of the cathodic protection.
83 3 fg worn parts of the equipment
=8¢ 5
8 g c_>Es E;[S Appearance inspection Check the status of test pieces and record the weights to be
8 P « Weighing of test pieces used for evaluating the status of the cathodic protection.
- DC a_nd Measurement .Of DC yoltage and th'e' . | Record the measured values to be used for evaluating the status
S electrical current Insulation resistance of rectifier; . .
= ) . ) L of the cathodic protection.
S equipment | Insulation resistance of circuit
gg Electrical Measurement of electrical Record the measured values to be filed in the form of an
00O potential potential equipotential contour.
T <=
e Appearance inspection . .
CEE Test V\;)p hi f P . Check the status of test pieces and record the weights to be
O pieces eighing of test pieces used for evaluating the status of the cathodic protection.
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Table A.11 - Check items and deterioration judgment criteria for parts above water level by Visual check (1/2)

Inspection Check items Inspection method Deterioration judgment criteria
category
There is an irregularity (gap) 20 cm or more between the caissons
Lateral Visual check There is an irregularity (gap) 10 to 20 cm between the caissons.

Nomal line of
the warf

displacements,
irregularities

+ Displacement amount

In other cases than the above, there is an irregularity less than 10 cm between the
caissons.

No change in status.

Apron

Settlement,
cave-in

Visual check

Soil behind the caissons flows-out; The apron caves in behind the caissons; The
traffic of vehicles or pedestrians is hampered significantly

There is a settlement (difference in level) 3 cm or more at the apron; There is a
settlement (difference in level) 30 cm or more between the apron and the rear
ground; There are misalignments or major gaps in the joints of caissons (incl.
superstructure)

There is a settlement (difference in level) less than 3 cm at the apron; There is a
settlement (difference in level) less than 30 cm between the apron and the rear
ground; There are misalignments or minor gaps in the joints of caissons (incl. super
structure)

No change in status.

Caison

Deterioration,
damages on the
side walls

Visual check: Cracking,
spalling, damages;
Exposure of steel bars;

Signs of deterioration, etc.

There are holes, cracks and losses allowing flow-out of filling

Cracks about 3 mm wide in several directions are observed; Steel bars are exposed
over a wide area

Cracks about 3 mm wide in a single direction are observed; Steel bars are locally
exposed.

No change in status.
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Table A.11 - Check items and deterioration judgment criteria for parts above water level by Visual check (1/2)

Inspection Check items Inspection method Deterioration judgment criteria
category
The cracking degree of concrete pavement is 2m/m?2 or more; The cracking ratio of
a| asphalt pavement is 30% or more; Cracks and damages are observed as impeding
Deterioration, Visual check: Cracking, the traffic of vehicles or pedestrians
Apron (normal | damages of damages of concrete or b | The cracking degree of concrete pavement is 0.5 to 2 m/m? or more; The cracking
state) con;:]relte or asphalt ratio of asphalt pavement is 20 to 30% or more
asphalt
¢ | Minor cracks are observed.
d| No change in status.
There are difference in level, rutting and cracks which are dangerous for traffic of
a| vehicles; There is a difference in level 15 mm or more; There is a rutting 10 mm or
Apron (When ) .
the use of Difference in _ _ more; There are cracks 3 mm wide or more
: ) Visual check: Difference i ] ] ]
container level, rutting, in level, rutting b| There is a difference in level 10 to 15 mm; There are cracks less than 3 mm wide
terminal is cracking of '
severely pavement c There is a difference in level less than 10 mm; There is a rutting less than 10 mm;
I restricted) There are minor cracks
d| No change in status.
a| Damages are observed as detrimental to the function of the quaywall
S Visual check: Cracking, . .
Superstructure | Deterioration, spalling, damages: g b | There are cracks 3 mm wide or more; Steel bars are exposed over a wide area.
(for reinforced | damages of Ex osu;e of steel E)arS'
concrete) concrete xP X S c | There are cracks less than 3 mm wide; Steel bars are locally exposed.
Signs of deterioration, etc.
d| No change in status.
a| Damages are observed as detrimental to the function of the quaywall.
Superstructure | Deterioration, Visual check: Cracking, b| There are cracks 1 cm wide or more; Minor missings are observed.
(for nonreinforced | damages of spalling, damages; Signs
concrete) concrete of deterioration, etc. ¢ | There are cracks less than 1 cm wide.
d| No change in status

Cracking degree (m/m2) : total sum of crack lengths (m) / apron area (m2)
Cracking ration (%): Area of cracked parts (m2) / apron area (m2) x 100
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Table A.12 - Check items and deterioration judgment criteria for parts that are difficult to check by Diving inspection

Signs of deterioration,
etc.

Inspection Check items Inspection method Deterioration judgment criteria
category
Flow-out is observed or there is a possibility of flow-out (cavities are observed); The
sand invasion prevention plate is broken; The sand invasion prevention plate is
possibly broken
Flow-out, Electromagnetic radar
Apron production of survey; Visual check Cavities are possibly produced; There are significant deterioration, fissures or
P cavity through bored holes; damages in the joint cover.
Damages of joint cover
There are minor deterioration, fissures or damages in the joint cover.
No flow-out occurs (no cavity is observed).
There are holes, cracks and losses allowing flow-out of filling.
D|vmg_ mspectlgn: Cracks about 3 mm wide in several directions are observed; Steel bars are exposed
Cracking, spalling, .
I over a wide area
. Settlement, damages, losses;
Caison . .
cave-in Exposure of steel bars;

Cracks about 3 mm wide in a single direction are observed; Steel bars are locally
exposed

No change in status.

Deterioration,
damages of
concrete

Seabed

Diving inspection
* Uplift of seabed

» Scouring, sedimentation

A scouring of 1 m deep is observed in the front part of the quaywall; o There is a
impact on the mound or the quaywall itself due to scouring.

A scouring of 0.5 m to 1 m deep is observed in the front part of the quaywall.

There is a scouring or sedimentation less than 0.5 m deep.

No change in status.
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Table A.13 - Check items and deterioration judgment criteria for Detailed inspection by advanced equipment

Inspection Check items Inspection method Deterioration judgment criteria
category
Whole . Survey on reference points Record the data of survey and measurement, and file them so
. Displacement, 7 ! ; ) .
caissontype | . U " Leveling; Surveys using clinometer, etc; that they may be available to evaluate the quaywall for
inclination, settlement ; o . R
quaywall Displacement, inclination, settlement displacement, inclination and settlement.
. o . . . Record the data of survey and measurement, and file them so
Settlement (difference Leveling; Surveys using clinometer, etc; .
Apron ; AT A that they may be available to evaluate the apron for settlement
in level), inclination Settlement, inclination A
and inclination.
Deterioration, Detailed |nspect|_on_: C.racklng, spalling, They should be filed in the form of a changes-in-state map of
damages and missing; Exposure of steel
damages of concrete o . - cracks.
bars; Signs of deterioration, etc.
. Chipping test, electromagnetic Record actual measurement values or predicted values of
Covering depth .
radar test, etc. covering depth
| Compression strength test of concrete;
i Analysis of concrete Measurement of chloride ion content Record the measurement values
Caison Y (carbonation measurement and chemical '
analysis, if necessary)
a There is an flow-out of sand filling or a flow-out potentiality
Production of cavities | Visu@! checking through the (Cavities are observed)
. : electromagnetic radar or bored b |---
in the caisson
holes, etc. c |---
d | No flow-out of sand filling (No cavity is observed.)
Scourin Inspection of geometry of the underwater Record the data of survey, and file them so that they may be
Seabed unng, P 9 ety available to evaluate the foot protection works for
sedimentation section, cross sectional survey, etc di :
isplacement, scattering and settlement.
Deterioration, Detailed inspection: Cracking, spalling, They should be filed in the form of a changes-in-state map of
Apron damages of concrete ) "
damages, irregularities, etc.. cracks
or asphat
Lo Detailed inspection: Cracking, spalling, Lo _
Deterioration, ) Do They should be filed in the form of a changes-in-state map of
damages; Exposure of steel bars; Signs of
damages of concrete O cracks
deterioration, etc.
. Super
structure Covering depth Chipping test, electromagnetic radar test, etc

Analysis of concrete

Compression strength test of concrete;
Measurement of chloride ion content
(carbonation measurement and chemical
analysis, if necessary)
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3.2 Sheet pile quaywall

(Draft)

Table A.14 - Check items and deterioration judgment criteria for parts above water level by Visual check (1/2)

Inspection Check items Inspection method Deterioration judgment criteria
category
There is an irregularity (gap) 20 cm or more between the adjacent superstructure;
a | There is a squeezing of the normal line which may impact on thestructure’s
performance.
Nomal line ) Lateral Vi_5U3| check: b There is a squeezing of the normal line; There is an irregularity (gap) 10 to 20 cm
of the warf d|_spIaC(|am¢nts, Displacement, settlement between the adjacent superstructure.
irregularities
c In other cases than the above, there is an irregularity (gap) less than 10cm between
the adjacentsuperstructure
d | No change in status.
a Soil behind the main structure flows out; The apron caves in behind the main structure;
The traffic of vehicles or pedestrians is hampered significantly.
I There is a sign of flow-out of soil behind the main structure; There is a settlement
Settlement, _ b | (difference in level) 3 cm or more between the apron and the main structure; There are
Apron cave-in Visual check settlement (difference in level) 30 cm or more between the apron and the rear ground.
c There is a settlement (difference in level) less than 3 cm at the apron; There is a
settlement (difference in level) less than 30 cm between the apron and the rear ground
d | No change in status.
a | There are holes, deformations and significant damages due to corrosion.
Corrosion, . .
Visual check: Presenceof | p | ———
Steel sheet cracks and .
i holes; Scratches on the
pile, etc damages of - _
surface c
steel
d | No hole and deformation due to corrosion
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Table A.14 - Check items and deterioration judgment criteria for parts above water level by Visual check (2/2)

Inspection
category

Check items

Inspection method

Deterioration judgment criteria

The cracking degree of concrete pavement is 2m/m2 or more; The cracking ratio of

a | asphalt pavement is 30% or more; Cracks and damages are observed as impeding the
traffic of vehicles or pedestrians
Apron damages of | damages of concrete or b The cracking degree of concrete pavement is 0.5 to 2 m/m? or more; The cracking ratio
(normalstate) concrete or asphalt of asphalt pavement is 20 to 30% or more
asphalt
¢ | Minor cracks are observed.
d | No change in status.
There are difference in level, rutting and cracks which are dangerous for traffic of
a | vehicles; There is a difference in level 15 mm or more; There is a rutting 10 mm or
Apron . ;
more; There are cracks 3 mm wide or more each.
(When the . .
use of D|fferenc§a | Visual check: Difference . : . .
. level, rutting, | . o b | There is a difference in level 10 to 15 mm; There are cracks less than 3 mm wide
container . in level, rutting
terminal cracking of
isseverelyre pavement c There is a difference in level less than 10 mm; There is a rutting less than 10 mm,;
stricted) There are minor cracks
d | No change in status.
a | Damages are observed as detrimental to the function of the quaywall
Super Visual check: Cracking,
structure Deterioration, spalling, damages; b | There are cracks 3 mm wide or more; Steel bars are exposed over a wide area.
(for damages of Exposure of steel bars;
reinforced concrete Signs of deterioration, ¢ | There are cracks less than 3 mm wide; Steel bars are locally exposed.
concrete) etc.
d | No change in status.

Cracking degree (m/m2) : total sum of crack lengths (m) / apron area (m2)
Cracking ration (%): Area of cracked parts (m2) / apron area (m2) x 100
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Table A.15 - Check items and deterioration judgment criteria for parts that are difficult to check by Diving inspection (1/2)

Steel sheet pile, etc.

Anticorrosive coating

sheeting) and visually inspect
for: Rust and heaving; Peeling
off of coating

Inspection Check items Inspection method Deterioration judgment criteria
category
Rust and heaving are observed in a wide area; Peeling off and cracks of coating
Clean all marine growth from a causing rust are produced in a wide area; The defect area is less than 10%.
30 cm square section of pile Major rust or heaving is observed; Peeling off of coating causing rust is
Paint (clean a larger area if inspecting produced in a wide area; The defect area is 0.3% or more and less than 10%.

There are rust and heaving in some area; The painting is peeled off in parts and
cracks are dotted; The defect area is 0.03% or more and less than0.3%.

There is almost no change and a sound status of coating is kept; The defect
area is less than 0.03%.

Coatings: Heavy-duty
anticorrosive coating;
Super-thick film
coating; Corrosion
resistant metal
coating; Underwater
hardening coating

Clean all marine growth from a
30 cm square section of pile
(clean a larger area if inspecting
sheeting) and visually inspect
for: Deterioration of coating;
Measurement of film
thickness,etc.

The heavy-duty anticorrosive coat is significantly deteriorated with noticeable
corrosion of steel.

Partially the coating deterioration reaches the steel, and the steel components
are corroded.

Major damages of coating are observed in many parts but the damage does
not reach the steel

No change in status.

Petrolatum
coating

Clean all marine growth from a
30 cm square section of pile
(clean a larger area if inspecting
sheeting) and visually inspect
for: Protection cover sheet;
Bolts, nuts

Protection cover sheets are detached and the petrolatum coating is exposed or
detached, and rusting is observed on the steel surface

There are cracks in the protection cover sheet or the cover plate; Corrosion is
observed on bolts, nuts, or band material.

The protection cover sheets are discolored or whitened; Micro cracks are
observed on the surface of the protection cover sheet; There are loosened
bolts, nuts or band materials; Partial peeling off is observed on the edge seal

No change in status.

Mortar coating

Clean all marine growth from a
30 cm square section of pile
(clean a larger area if inspecting
sheeting) and visually inspect
for: Protection cover sheet;
Deterioration and damages of
mortar

Protection cover sheets are detached in a wide area; Rust fluid is observed on
the mortar surface; The mortar is missing and rust is produced on the steel
surface; (When the covering material or mortar layer is removed,) the thickness
of steel is observed beingreduced.

Cracks are observed in the protection cover sheets or fixing materials and the
protection coversheets are partially detached; Minor rust fluid traces are
observed but there is no leak; (When the covering material is removed,)
numerous cracks in the mortar and rust fluid areobserved.

The protection cover sheets are discolored or whitened; Cracks are observed
on the surface but the area is less than 1%; The fixing materials of the
protection cover sheets including bolts and nuts are loosened.

No change in status.
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Table A.15 - Check items and deterioration judgment criteria for parts that are difficult to check by Diving inspection (2/2)

Inspection . . S o
category Check items Inspection method Deterioration judgment criteria
a| The corrosion control potential is not maintained
=S
o .o . .
B < Diving inspection: Check the b|---
9= Anode
Lo actual status (random) cl---
o T
S| 8§ . - -
| oo d| The corrosion control potential is maintained
g| 8§
B €5 Measurement of anode . .
" = ©T | Anode erosion (3 to 5% of the Record Fhe measurement results of consumption of anode and predict the rest of
| 02 the service life
< whole)
(2]
Sj c a| There are terminals discolored or bolts and nuts loosened
n [8) . . .
5.8 a|DCand Detailed inspection: bl ---
2 8 8| electrical Discoloring of terminals;
8 g_C equipment Loosening of boltsand nuts | C| - --
d | No change in status.
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Table A.16 - Check items and deterioration judgment criteria for Detailed inspection by advanced equipment (1/2)

Inspection Check items Inspection method Deterioration judgment criteria
category
Whole Di Measurement of displacement Record the data of survey and measurement, and file them so that
; isplacement, . } . . . .
sheet pile S distance; Leveling; Surveys using they may be available toevaluate the quaywall for displacement,
inclination, settlement ; A
quaywall clinometers, etc inclination and settlement.
. Record the data of survey and measurement, and file them so that
Settlement (difference : o .
Apron ; U Leveling Inclination measurement they may be available toevaluate the apron for settlement and
inlevel), inclination A
inclination.
I Deterioration, damages o . They should be filed in the form of a changes-in-state map of
Detailed inspection .
of steel corrosion holes.
Steel sheet
pile, etc Chipping test, electromagnetic
Measurement ofthicknes ppIng ' 9 Record the measurement values.
radar test, etc.
Inspection of geometry of the Record the data of survey and file them so that they may be
Seabed Scouring, sedimentation | underwater section, cross sectional available to evaluate the footprotection works for displacement,
survey, etc scattering and settlement.
Apron Deterioration, damages | Detailed m_spectlon_: _Crackmg, spalling, They should be filed in the form of a changes-in-state map of cracks
of concrete or asphat damages, irregularities, etc..
Deterioration. damages Detailed inspection: Cracking, spalling,
' 9 damages; Exposure of steel bars; They should be filed in the form of a changes-in-state map of cracks
of concrete : . .
Signs of deterioration, etc.
Il - . . .
Super . Chipping test, electromagnetic radar Record actual measurement values or predicted values of covering
Covering depth
structure test, etc. depth.

Analysis of concrete

Compression strength test of
concrete; Measurement of chloride ion
content (carbonation measurement
and chemical analysis, if necessary)

Record the measurement values
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Table A.16 - Check items and deterioration judgment criteria for Detailed inspection by advanced equipment (2/2)

Inspection
category

Steel sheet
pile, etc.

Check items Inspection method Deterioration judgment criteria
Detailed inspection: Corrosion and
. : : exposure ofsteel members; Damages | They should be filed in the form of a changes-in-state map of
Anticorrosive coating . o : . . . .
of covering materials; Status of rusting, heaving, cracking andpeeling-off of coating.
protection covers
Measurement of electricalpotential
Electrical * Saturated calomel-800mV Record the measured values to be filed in the form of an
C D potential « Seawater silver chloride-800mV equipotential contour.
oS
g2 » Saturated copper sulfate-850mV
[}
83
;.)_ = Measurement of anode current
S £ Anode « Both sides, central part Record the measured amount of current to be used for evaluating
£g andsignificantly worn parts of the status of the cathodicprotection.
© = .
S theequipment
: Appearance inspection Check the status of test pieces and record the weights to be used
Test pieces . : .
« Weighing of test pieces for evaluating the status of thecathodic protection.
c DC apd Measur_ement C.)f DC \{oltage and the Record the measured values to be used for evaluating the status of
o electrical current: Insulation resistance of . ;
= . o ) ; .. | the cathodic protection.
o equipment rectifier; Insulation resistance of circuit
oo
2 Q Electrical . . Record the measured values to be filed in the form of an
L 0O ; » Measurement of electrical potential : i
s <= potential equipotential contour.
c
S : Appearance inspection: Weighing of | Check the status of test pieces and record the weights to be used
Test pieces - . - .
test pieces for evaluating the status of thecathodic protection.
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3.3 Pier
Table A.17 - Check items and deterioration judgment criteria for parts above water level by visual check (1/3)
Inspection Check items Inspection method Deterioration judgment criteria
category
a| There is an irregularity (gap) 20 cm or more between the adjacent superstructure
Lateral . ) b | There is an irregularity (gap) 10 to 20 cm between the adjacent superstructure
. . . Visual check: . . -
Nomal line of the pier displacements, . In other cases than the above, there is an irregularity (gap) less than 10cm
) s Displacement, settlement | ¢ .
irregularities between the adjacent superstructure
No change in status.
Soil behind the main structure flows out; The apron caves in behind the main
a : X . X L
structure; The traffic of vehicles or pedestrians is hampered significantly.
There are significant openings or gaps in the joints of the earth retaining; There is
b| a settlement (difference in level) 3 cm or more at the apron; There is a settlement
Apron Settlement, Visual check (difference in level) 30 cm or more between the apron and the rear ground
cave-in . : . — . .
There are minor openings or gaps in the joints of the earth retaining; There is a
c | settlement (difference in level) less than 3 cm at the apron; There is a settlement
(difference in level) less than 30 cm between the apron and the rear ground
d| No change in status.
a| There are cracks; Rust fluid develops
Super structure Deterioration, Visual check: Presence P
(underneath surface) (In ) b| ———
damages of of cracks; Presence of
the case of prestressed . c|l ———
I concrete rust fluid :
concrete) d| No change in status.
Corrosion . a| There are holes, deformations and significant damages due to corrosion.
’ Visual check: Presence —
. cracks and : b
Steel pipe pile, etc of holes; Scratches on
damages of c|l ———
; the surface - -
coating d| No hole and deformation due to corrosion
S ) a| There are cracks; Rust fluid develops.
Deterioration, Visual check: Presence bl ———
Prestress concrete piles damages of of cracks; Presence of ol ———
concrete rust fluid -
d| No change in status.
Visual check: Direction of | 5 There are cracks 3 mm wide or more in the axial direction of steel bars; There are
cracks; Number, length spalling parts of covering; Fluid rust forms in a wide area
_ _ Deterioration, | and width of cracks; p | There are cracks less than 3 mm wide in the axial direction of steel bars; Fluid rust
Reinforce Concrete pile damages of Spalling of covering; forms in places.
concrete Presence of rust fluid; There is only cracks perpendicular to axial direction; Rust fluid spots are dotted in
Corrosion status of steel c place.
bars d| No change in status.
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Table A.18 - Check items and deterioration judgment criteria for parts above water level by visual check (1/3)

Inspection
category

Check items

Inspection method

Deterioration judgment criteria

The cracking degree of concrete pavement is 2m/m2 or more; The cracking ratio of

a| asphalt pavement is 30% or more; Cracks and damages are observed as impeding the
Apron Deterioration, Visual check: Cracking, traffic of vehicles or pedestrians
(normal damages of damhagljtes of concrete or b | The cracking degree of concrete pavement is 0.5 to 2 m/m? or more; The cracking ratio
state) concrete or aspha of asphalt pavement is 20 to 30% or more
asphalt .
Minor cracks are observed.
No change in status.
There are difference in level, rutting and cracks which are dangerous for traffic of
Apron (When a| vehicles; There is a difference in level 15 mm or more; There is a rutting 10 mm or
the use of Difference in Visual check: Difference more; There are cracks 3 mm wide or more each.
container level, rutting, in level, irregularities, b| There is a difference in level 10 to 15 mm: There are cracks less than 3 mm wide
terminal is cracking of rutting - - - - -
severely pavement c There is a difference in level less than 10 mm; There is a rutting less than 10 mm;
restricted) There are minor cracks
d| No change in status.
Slab: There are net-like cracks covering 50% or more of the surface; There are
a spalling parts of covering; Fluid rust forms in a wide area.
Beam, haunch: There are cracks 3 mm wide or more in the axial direction of steel bars;
. . There are spalling parts of covering; Fluid rust forms in a wide area
Super Visual check: Direction - : -
structure of cracks: Number, Slab: There are net-like cracks covering less than 50% of the surface; Fluid rust forms
(underneath | Deterioration, length and width of bl N places.
surface) damages of cracks; Spalling of Beam, haunch: There are cracks less than 3 mm wide in the axial direction of steel
(Inthe case | concrete covering; Presence of bars; Fluid rust forms in places.
of reinforced rust fluid; Corrosion Slab: There are fissures developing in a single direction, or precipitation of gel in band
concrete) status of steel bars ¢ | o line; Rust fluid spots are dotted in places.
Beam, haunch: There is only cracks perpendicular to axial direction; Rust fluid spots
are dotted in places.
d| No change in status.
Super Visual check: Cracking, a| There are damages which may degrade the function of the quaywall.
structure Deterioration, spalling, damages; b | There are cracks 3 mm wide or more; Steel bars are exposed in a wide area.
damages of Corrosion of steel bars; -
(upper and concrete Signs of deterioration c | There are cracks less than 3 mm wide; Steel bars are locally exposed.
side part) ' N
etc d| No change in status.
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Table A.18 - Check items and deterioration judgment criteria for parts above water level by visual check (2/3)

Inspection Check items Inspection method Deterioration judgment criteria
category
a Rust and heaving are observed in a wide area; Peeling off and cracks of coating
causing rust are produced in a wide area; The defect area is less than 10%.
. ) Major rust or heaving is observed; Peeling off of coating causing rust is produced in a
Visual chgck.. Rust | b wide area; The defect area is 0.3% or more and less than 10%.
. and heaving:
Paint Peeling off of
coating c There are rust and heaving in some area; The painting is peeled off in parts and cracks
are dotted; The defect area is 0.03% or more and less than 0.3%.
d There is almost no change and a sound status of coating is kept; The defect area is
less than 0.03%.
o a| The coating is significantly deteriorated with noticeable corrosion of steel.
c
= s Hea\_/y—t'juty anticorrosive Partially the coating deterioration reaches the steel, and the steelcomponents are
o o coating; Super-thick film . ) b
o o o . Visual check: corroded.
o S coating; Corrosion Y
Il 3| 5 : I Deterioration of
[0 o resistant metalcoating; coatin Major damages of coating are observed in many parts but the damage does not reach
8| 5 Underwater hardening 9 c thejsteel 9 9 yp 9
2] 2 coating
C
< d| No change in status.
Protection cover sheets are detached and the petrolatum coating is exposed or
a o
detached, and rusting is observed on the steel surface
b There are cracks in the protection cover sheet or the cover plate; Corrosion is
Visual check: observed on bolts, nuts, or band material.
Petrolatum X
coatin Protection cover
9 sheet; Bolts, nuts The protection cover sheets are discolored or whitened; Micro cracks are observed on
c | the surface of the protection cover sheet; There are loosened bolts, nuts or band
materials; Partial peeling off is observed on the edge seal
d| No change in status.

Cracking degree (m/m2) : total sum of crack lengths (m) / apron area (m2)

Cracking ration (%): Area of cracked parts (m2) / apron area (m2) x 100
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Table A.18 - Check items and deterioration judgment criteria for parts above water level by visual check (3/3)

Inspection Check items Inspection method Deterioration judgment criteria
category
Protection cover sheets are detached in a wide area; Rust fluid is observed on the
mortar surface; The mortar is missing and rust is produced on the steel surface; (When
the covering material or mortar layer is removed,) the thickness of steel is observed
o beingreduced.
c
§ \P/Irsc‘)l::::tcigr?ccigver Cracks are observed in the protection cover sheets or fixing materials and the
o sheet- protection coversheets are partially detached; Minor rust fluid traces are observed but
5, Mortar coating Deteri’oration and there is no leak; (When the covering material is removed,) numerous cracks in the
o mortar and rust fluid areobserved.
o) 5 damages of
= 2 mortar . . .
o < The protection cover sheets are discolored or whitened; Cracks are observed on the
-% < surface but the area is less than 1%; The fixing materials of the protection cover
5 sheets including bolts and nuts are loosened.
2
n .
No change in status.
S Measurement of electrical potential The corrosion control potential is not maintained
§ (corrosion control potential per electrode)
O - - -
s « Saturated calomel-800mV
L
S » Seawater silver chloride - 800mV T
<
S * Saturated copper sulfate - 850mV The corrosion control potential is maintained
The traffic of vehicles or pedestrians is hampered significantly.
Damages and Visual check: . Damages are observed.
. e . Damages, cracks;
Accessbridge painting of main Painting;
structure Displacement Minor damages are observed
No change in status.
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Table A.19 - Check items and deterioration judgment criteria for parts that are difficult to check by Diving inspection (1/2)

Inspection
category

Check items

Inspection method

Deterioration judgment criteria

Apron behind the earth

Sand washing-
out and

Electromagnetic radar
inspection; Drilling
visual check;
Endoscopic survey

Sand washing-out is observed or there is the sing (there is a cavity); The
a | sand preventive plates are damaged; The sand preventive sheets are likely to
be damaged.

A cavity is likely to be produced; There are significant deterioration, cracks or

is found)

corrosion damage

retaining part production of (for gravity type earth b damages in the joint cover
cavity retaining part);
Damages of joint ¢ | There are minor deterioration, cracks or damages in the joint cover.
cover, etc. d | There is no sand washing-out (no cavity)
a | There are holes, deformations and significant damages due to corrosion
| Corrosion, Diving inspection:
Steel pipepile cracks and Presence of holes; b |---
damages of Scratches on the c |---
steel surface.
d | No hole and deformation due to corrosion
Diving inspection,
detailed inspection,
Earth retaining part etc. (to be done According to the structural type of earth retaining, the checking form for caisson-
adequately for the type quaywall orfor sheet pile quaywall wall is used adequately.
type of earth
retaining)
Anticorrosive Rust and heaving are observed in a wide area; Peeling off and cracks of
coating: (Start the a | coating causing rust are produced in a wide area; The defect area is less
inspection at the Clean all marine than 10%.
2 |splashitidal zones growth from & 30 ¢m Major rust or heaving is observed; Peeling off of coating causing rust is
3 and at depth of square section of pil_e b rojduced in a wide zgrea' The deféct areagis 0.3% or mgre and Igess than 10%
I o |about 60 cm below Paint _(clean a larger area if P ’ ’ ’
%‘ mean low \{va_ter mspe(_:tlng sheetmg) c There are rust and heaving in some area; The painting is peeled off in parts
@ [(MLW). This is and visually inspect and cracks are dotted; The defect area is 0.03% or more and less than 0.3%.
»  |where most for: Rust and heaving;
mechanical and Peeling off of coating 4 | There is almost no change and a sound status of coating is kept; The defect

area is less than 0.03%.

104




(Draft)
TCVN xxxx: 2020

Table A.19 - Check items and deterioration judgment criteria for parts that are difficult to check by Diving inspection (2/2)

Inspection
category

Check items

Inspection method

Deterioration judgment criteria

Steel pipe pile

Heavy-duty anticorrosive Clean all marine growth from | a | The anticorrosive coat is significantly deteriorated with noticeable corrosion of steel.
coating; Superthick film a 30 cm square section of Partially the coating deterioration reaches the steel, and the steelcomponents are
A . pile (clean a larger area if b
coating; Corrosion ! ; ; corroded.
. ' I inspecting sheeting) and - - -
resistant metalcoating; visually inspect for: c Major damages of coating are observed in many parts but the damage does not
Underwater Deteriorai f : tina: reach the steel
hardening eterioration of coating;
i i coatin . i .
Anticorrosive g Measurement of film d | No change in status
coating: (Start ueness.cie Protect heets are detached and the petrolat fing d
the inspection . rotection cover sheets are detached and the petrolatum coating is exposed or
at the spplash/ S??grcl:g”sm:grnees%rgg: (f)rfom 2| detached, and rusting is observed on the steel surface
tidal zones and ile (cleanqa larger area if b There are cracks in the protection cover sheet or the cover plate; Corrosion is
at depth of Petrolatum 513 ectin shee%in ) and observed on bolts, nuts, or band material.
about 60 cm coating visSaII ir?s ect forg The protection cover sheets are discolored or whitened; Micro cracks are observed
below mean Y Insp . ¢ | on the surface of the protection cover sheet; There are loosened bolts, nuts or band
Protection cover sheet; . : X )
low water Bolts. nuts materials; Partial peeling off is observed on the edge seal
(MLW). This is ' d | No change in status.
where most Protection cover sheets are detached in a wide area; Rust fluid is observed on the
mechanical . a mortar surface; The mortar is missing and rust is produced on the steel surface;
and corrosion Clean all marine growth from (When the covering material or mortar layer is removed) the thickness of steel is
damage is a 30 cm square section of observed beingreduced.
found) pile (clean a larger area if Cracks are observed in the protection cover sheets or fixing materials and the
. inspecting sheetmg) and b | Protection coversheets are partially detached; Minor rust fluid traces are observed
Mortar coating visually inspect for: _ but there is no leak; (When the covering material is removed) numerous cracks in
grciteptlor;_ coverdsgeet, the mortar and rust fluid areobserved.
cterioration and damages The protection cover sheets are discolored or whitened; Cracks are observed on the
of . L . ;
c | surface but the area is less than 1%; The fixing materials of the protection cover
mortar . .
sheets including bolts and nuts are loosened.
d | No change in status.
a | The corrosion control potential is not maintained
. Diving inspection: Check b|---
;3:2?3&?1 the actual status (random) cl|---
(galvanic anode d | The corrosion control potential is maintained
anode type) Measurement of anode Record the measurement results of consumption of anode and predict the rest of the
erosion (3 to 5% of the o
service life.
whole)
. DC and o . a | There are terminals discolored or bolts and nuts loosened.
Cathodic electrical Detailed inspection: bl ---
protection equipment Discoloring of terminals; cl---
(Iccp) quip Loosening of bolts and nuts 5

No change in status.
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(Draft)

Inspection
category

Check items

Inspection method

Deterioration judgment criteria

Whole pier

Displacement,
inclination, settlement

Measurement of displacement distance;
Leveling; Surveys using clinometers, etc

Record the data of survey and measurement, and file them
so that they may be available toevaluate thequaywall for
displacement, inclination and settlement.

Apron behind the
earth

Settlement (difference
inlevel), inclination

Leveling Inclination measurement

Record the data of survey and measurement, and file them
so that they may be available toevaluate the apron for
settlement and inclination.

Pier superstructure
(for presstressed
concrete)

Deterioration, damages
of concrete

Detailed inspection: Direction of cracks;
Number, length and width of cracks;
Spalling of covering; Presence of rust
fluid; Corrosion status of steel bars

They should be filed in the form of a changes-in-state map
of cracks

Steel pile pile

Corrosion, holes and
damages of steel

Detailed inspection

They should be filed in the form of a changes-in-state map
of corrosion holes.

Measurement of
thickness

Ultrasonic thickness gauge

Record the measurement values.

Concrete pile

Deterioration, damages
of concrete

Detailed inspection: Direction of cracks;
Number, length and width of cracks;
Spalling of covering; Presence of rust
fluid; Corrosion status of steel bars

They should be filed in the form of a changes-in-state map
of cracks

Seabed

Scouring, sedimentation

Inspection of geometry of the underwater
section, cross sectional survey, etc

Record the data of survey and file them so that they may be
available to evaluate the footprotection works for
displacement, scattering and settlement.

Apron behind the
earth retaining
part

Deterioration, damages
of concrete or asphalt

Detailed inspection: Cracking, spalling,
damages, irregularities, etc..

They should be filed in the form of a changes-in-state map
of cracks

Pier superstructure
(for reinforced
concrete)

Deterioration, damages
of concrete

Detailed inspection: Cracking, spalling,
damages; Exposure of steel bars; Signs
of deterioration, etc.

They should be filed in the form of a changes-in-state map
of cracks

Covering depth

Chipping test, electromagnetic
radar test, etc.

Record actual measurement values or predicted values of
covering depth.

Corrosion of reinforcing
bars

Natural electrical potential

Record natural electrical potential measurements to be filed
in the form of an equipotential contour.
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Table A.20 - Check items and deterioration judgment criteria for Detailed inspection by advanced equipment (2/2)

Inspection
category

Check items Inspection method Deterioration judgment criteria
o . - . . S
5 Corrosion rate of Measurement of polarization Record polarization resistance measurements to be filed in
S5 reinforcing bars resistance: the form of an equipotential contour.
=T ]
= .
g g . Compression strength test of concrete;
ov 9 . Measurement of chloride ion content
230 Analysis of concrete : . Record the measurement values
2 Q5 (carbonation measurement and chemical
2 S 5 analysis, if necessary)

Steel sheet pile,
etc.

Anticorrosive coating

Detailed inspection: Corrosion and
exposure ofsteel members; Damages of
covering materials; Status of protection
covers

They should be filed in the form of a changes-in-state map
of rusting, heaving, cracking andpeeling-off of coating.

o Measurement of electricalpotential
s (corrosion controlpotential per electrode)
@ . o
2 E(L?[gmi(:lll . Saturated calomel-800mV Eegiorodteﬂ;ﬁarrsgﬁgjrd values to be filed in the form of an
? ™ P » Seawater silver chloride-800mV auip '
'% % « Saturated copper sulfate-850mV
Qo
ISl Measurement of anode current
S S | aAnode . Both sid tral part and sianificantl Record the measured amount of current to be used for
@ oth sides, central part and significantly | e\/a1yating the status of the cathodicprotection.
3 worn parts of theequipment
e
5 . Appearance inspection: Weighing of test | Check the status of test pieces and record the weights to be
O Test pieces h - . .
pieces used for evaluating the status of thecathodic protection.
- DC a_nd Measur.ement (.)f DC v_oltage andthe_ _ Record the measured values to be used for evaluating the
o electrical current: Insulation resistance of rectifier; - .
3} . X : . status of the cathodic protection.
o equipment Insulation resistance of circuit
:C; Measurement of electricalpotential
5 _ (corrosion controlpotential per electrode) o
% Electrlgal « Saturated calomel - 800mV Rec.ord thg measured values to be filed in the form of an
= potential i i equipotential contour.
ks « Seawater silver chloride - 800mV
E * Saturated copper sulfate - 850mV
8 Test pieces Appearance inspection Check the status of test pieces and record the weights to be
P  Weighing of test pieces used for evaluating the status of thecathodic protection.
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3.4 Ancillary facilities

(Draft)

Table A.3.4 - Check items and deterioration judgment criteria for Ancillary facilities by visual check

Inspection
category

Check items Inspection method Deterioration judgment criteria
. . . Visual check (incl measurement | a| The posts and rings are unable to be used by breaks and damages.
Mooring Deteriorations, L - b
post and damages, peeling- using mstuments here in after -
: - the same applies.): Damages, c | There are damages, deformations of mooring posts or the coating is peeled off.
rings off of paint, etc. o - . .
deformation; Condition of paint d| No change in status.
Visual check: D f a Main structure (rubber part): Missings or permanent deformation are observed,;
Damages, ISual check: bamages o Fixing brackets: There are loosened, detached, bent or cut parts.
rubber parts; Rust and b
Fender breakage of scratches of fixing — . — — —
fender, corrosion of Main structure (rubber part): There is deficiency, crack or chipping; Fixing
g brackets c : ;
fixing brackets, etc. brackets: A rust is observed.
d| No change in status.
- . a| There is missings; There are damages or deformations impeding the function.
Curbin Damages, painting, | Visual check: Damages, bl --- g 9 P 9
safetg, corrosion of the deformation; Condition of paint; ¢ | There are damages, deformation, corrosion of curbing or peeling-off of paint
y main structure Corrosion . ges, : gorp 9 paint.
fence d| No change in status.
L . a| There are damages impeding the function.
Deterioration and Visual check: Damages, 9 P g
Passenger d f mai def ) f mai b|---
boarding amages of main € ormatlon o' main structgres, ¢ | There are damages, deformation, corrosion of main structures or peeling-off of
facilities structures, peeling- | peeling-off of paint; Corrosion aint ' '
off of coating of steel members,etc paint. .
d| No change in status.
a| There are cracks 3 mm wide or more in the axial direction of steel bars; There
Deterioration and Visual check: Cracks. spallin are spalling parts of covering.
damages of T CKS, Sp 9 b| There are cracks less than 3 mm wide in the axial direction of steel bars.
concrete damages; Corrosion of steel ¢ | There are cracks perpendicular to the axial direction; o Rust fluid spots are
Foundation bars; Sign of deterioration, etc. perp ' p
¢ dotted at places.
ﬁaﬁgﬁﬂo d| No change in status.
equipmegn Deterioration, Visual check: Damages or a| There are damages or deformations impeding the function.
damages and deformation of main structure, b|---
corrosion of metal peeling off of paint; Corrosion ¢ | There are parts with paint peeled off or rusts in some areas.
anchorage of steel members, etc d | No change in status.
a| Pull-out; There are significant damages and corrosions that are deemed
o ) dangerous for use.
Damages, painting, | Visual check: Damages, bl ---
Ladder | corrosion of the deformation; Painting; c | There are damages, deformation, peeling-off of paint and rust in the main
main structure Corrosion (for steel)
structure.
d| No change in status.
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APPENDIX B: Check items and deterioration judgment criteria for Regular inspection

1. Protective Facilities

1.1 Caisson breakwater

Table B.1 - Check items and deterioration judgment criteria: Regular inspection for Caisson breakwater by visual inspection

Inspection Check items Inspection method Deterioration judgment criteria
category
] a| Caissons are detached partially from the mound
Visual check: ; . - .
(incimeasurements using a tape | p Th_ere is a gap equivalent to the width of sidewall (40-50 cm) between the
Displacement measure or other instruments. caissons

The same shall apply hereafter);

There is a small gap

Horizontal displacement

No change in status

a| There are holes, cracks and losses allowing flow-out of filling

Visual check: Cracking,

Deterioration ; .
spalling, damages and missing;

b Cracks about 3 mm wide in several directions are observed; Steel bars are

exposed over a wide area

Caisson | and damages

of concrete Exposure of steel bars; Signs

of deterioration, etc.

Cracks about 3 mm wide in a single direction are observed; Steel bars are locally
exposed

No change in status.

1.2 Sloping breakwater

Table B.2 - Check items and deterioration judgment criteria:

Regular inspection for sloping breakwater by visual inspection

Inspection

Check items Inspection method
category

Deterioration judgment criteria

Visual check: (incl.
measurements using a tape
measure or other instruments.
The same shall apply
hereafter): Horizontal
displacement

I Displacement

There are misalignment or lateral displacements more than 20 cm from the
a | adjacent span; Changes in state are observed on the normal line as detrimental
to the function of the structure.

b There are misalignment or lateral displacements 10 to 20 cm from the adjacent
span; Changes in state are observed on the normal line

In other cases than the above, there are misalignment or lateral displacements
less than 10 cm from the adjacent span.

d | No change in status
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1.3 Revetment, levee

(Draft)

Table B.3 - Check items and deterioration judgment criteria: Regular inspection for Revetment, levee by visual inspection (1/2)

Inspection
category

Check items

Inspection method

Deterioration judgment criteria

Displacement of the whole structure

Visual check: (incl.
measurements using
scales and measures.
Hereinafter the same
applies.); Displacement
amount

There are misalignment or lateral displacements more than 20 cm from the
adjacent span; Changes in state are observed on the normal line as
detrimental to the function of the structure.

There are misalignment or lateral displacements 10 to 20 cm from the adjacent
span; Changes in state are observed on the normal line

In other cases than the above, there are misalignment or lateral displacements
less than 10 cm from the adjacent span.

No change in status

Settlement of the whole structure

Visual check

» Settlement of the levee

body

Significant settlement (about 1 m deep) is observed.

There is difference in level about several ten centimeters from the adjacent
span.

There is difference in level about several centimeters from the adjacent span.

No change in status

Main works
(gravity type)
(In the case
of reinforced
concrete)

Deterioration and
damages of
concrete

Visual check: Cracking,
spalling, damages and
missing; Signs of
deterioration, etc.

There are holes, cracks and losses allowing flow-out of filling.

Cracks about 3 mm wide in several directions are observed; Steel bars are
exposed over a wide area.

Cracks about 3 mm wide in a single direction are observed; Steel bars are
locally exposed

No change in status.

Rear part of
the revetment
and levee or
the levee itself

Cave-in, flow-out

Visual check (of places
where there is a
settlement, cave-in, orgap
at the joint): Status of the
rear ground of the levee;
Gap and misalignment of
the joints

There is flow-out of the filling from the rear part of the revetment or levee, or
from inside the levee body; There are caves-in the ground bearing the rear part
of the revetment or levee, as well as in the ground of the levee body itself.

There are significant gaps or misalignments at the joints of the levee.

There are minor gaps or misalignments at the joints of the levee

No change in status.
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Table B.3 - Check items and deterioration judgment criteria: Regular inspection for Revetment, levee by visual inspection (2/2)

Inspection
category

Check items Inspection method Deterioration judgment criteria
a | There are damages detrimental to the function of the parapet wall.
Deterioration and Visual check: Cracking, b | Cracks about 3 mm wide in several directions are observed; Steel bars are
damages of spalling, damages; exposed over a wide area.
concrete (In the Corrosion of reinforcing — - —
case of reinforced bars; Signs of c Cracks about 3 mm wide in a single direction are observed; Steel bars are
concrete) deterioration, etc. locally exposed.
d | No change in status.
Parapet wall - - - —
a There are signs of flow-out of soil from penetrating crack; The missing is 10%
Deterioration and or more in area to the surface of the component.
damages of Visual check: Cracking, b | The missing is less than 10% in area to the surface of the component.
concrete (In the spalling, damages; Signs - - : -
case of plain of deterioration, etc. c There are penetrating cra_cks but no sign of flow-out of soil; There is non-
concrete) penetrating crack 1 cm wide or more.
d | No change in status.
a | There are holes, deformations and significant damages due to corrosion
Corrosion, cracks Visual check b |----
Steel sheet
pile, etc and damages of * Presence of holes .
steel - Scratches on the surface
d | No hole and deformation due to corrosion.
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2. Mooring Facsilities

2.1 Gravity caission quaywall

(Draft)

Table B.3.1 - Check items and deterioration judgment criteria: Regular inspection for Gravity caission quaywall by visual inspection

side walls

Signs of deterioration,
etc.

Inspection Check items Inspection method Deterioration judgment criteria
category
There is an irregularity (gap) 20 cm or more between the caissons
Nomal I Lateral Visual check: There is an irregularity (gap) 10 to 20 cm between the caissons.
omal line . .
of the warf | displacements, Displacement amount In other cases than the above, there is an irregularity less than 10 cm between the
irregularities caissons.
No change in status.
Soil behind the caissons flows-out; The apron caves in behind the caissons; The traffic of
vehicles or pedestrians is hampered significantly
There is a settlement (difference in level) 3 cm or more at the apron; There is a
Settlement _ settlement (difference in level) 30 cm or more between the apron and the rear ground;
Apron cave-in ' Visual check There are misalignments or major gaps in the joints of caissons (incl. superstructure.)
I
There is a settlement (difference in level) less than 3 cm at the apron; There is a
settlement (difference in level) less than 30 cm between the apron and the rear ground;
There are misalignments or minor gaps in the joints of caissons (incl. superstructure.)
No change in status.
There are holes, cracks and losses allowing flow-out of filling
Visual check: Cracking, Cracks about 3 mm wide in several directions are observed; Steel bars are exposed over
Deterioration, spalling, damages; a wide area
Caison damages on the | Exposure of steel bars;

Cracks about 3 mm wide in a single direction are observed; Steel bars are locally
exposed.

No change in status.
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Table B.3.2 - Check items and deterioration judgment criteria: Regular inspection for Sheet pile quaywall by visual inspection

Irclzﬁ)eeé:ct;rc;n Check items Inspection method Deterioration judgment criteria
a There is an irregularity (gap) 20 cm or more between the adjacent superstructure; There is
a squeezing of the normal line which may impact on thestructure’s performance.
Lateral Visual check b There is a squeezing of the normal line; There is an irregularity (gap) 10 to 20 cm between
Nomal line - . the adjacent superstructure.
of the warf | displacements, |« Displacement amount J P
irregularities c In other cases than the above, there is an irregularity (gap) less than 10cm between the
adjacentsuperstructure
d| No change in status.
a Soil behind the main structure flows out; The apron caves in behind the main structure;
The traffic of vehicles or pedestrians is hampered significantly.
| There is a sign of flow-out of soil behind the main structure; There is a settlement
Settlement, cave- . b| (difference in level) 3 cm or more between the apron and the main structure; There are
Apron in Visual check settlement (difference in level) 30 cm or more between the apron and the rear ground.
c There is a settlement (difference in level) less than 3 cm at the apron; There is a
settlement (difference in level) less than 30 cm between the apron and the rear ground
d| No change in status.
) a| There are holes, deformations and significant damages due to corrosion.
Steel ' b| ———
) cracks and » Presence of holes
sheet pile, d f
etc amages o + Scratches on the c|l ———
steel surface . .
d | No hole and deformation due to corrosion

113




TCVN xxxxx: 2020
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3.3 Pier
Table B.3.3 - Check items and deterioration judgment criteria: Regular inspection for Pier
Inspection Check items Inspection method Deterioration judgment criteria
category
There is an irregularity (gap) 20 cm or more between the adjacent superstructure.
Nomal line of the Lateral Visual check: b | There is an irregularity (gap) 10 to 20 cm between the adjacent superstructure.
pier d!splacements, Displacement, c In other cases than the above, there is an irregularity (gap) less than 10cm between
irregularities | settlement the adjacent superstructure
d | No change in status.
a Soil behind the main structure flows out; The apron caves in behind the main structure
The traffic of vehicles or pedestrians is hampered significantly.
There are significant openings or gaps in the joints of the earth retaining; There is a
b | settlement (difference in level) 3 cm or more at the apron; There is a settlement
Apron Settlement, | .. ol check (difference in level) 30 cm or more between the apron and the rear ground
cave-in
There are minor openings or gaps in the joints of the earth retaining; There is a
¢ | settlement (difference in level) less than 3 cm at the apron; There is a settlement
(difference in level) less than 30 cm between the apron and the rear ground
| d | No change in status.
Super structure . a | There are cracks; oRust fluid develops
S Visual check:
(under neath Deterioration, b | ———
Presence of
surface) (In the damages of .
cracks; Presence c | ———
case of prestressed concrete .
of rust fluid :
concrete) d | No change in status.
) ) a | There are holes, deformations and significant damages due to corrosion.
Corrosion, Visual check:
Steel pie pile. etc cracks and Presence of holes; | B | =———
PIpe prie. damages of Scratches on the c | ———
coating surface - -
d | No hole and deformation due to corrosion
) ) a | There are cracks; oRust fluid develops.
Concrete pile S Visual check:
: Deterioration, b | ———
(reinforced and Presence of
damages of .
prestress concrete cracks; Presence c | ——=
) concrete .
piles of rust fluid .
d | No change in status.

3.5 Ancillary facilities
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Regular inspection for Ancillary facilities by visual inspection

Inspection Check items Inspection method Deterioration judgment criteria
category
i . . Visual check (incl measurement | @| The posts and rings are unable to be used by breaks and damages.
Mooring Deteriorations, L ;
. using instuments here in after b|---
post and damages, peeling- h lies): D . - —
fings off of paint, etc the same app |es.): Damages, ¢ | There are damages, deformations of mooring posts or the coating is peeled off.
S deformation; Condition of paint d| No change in status.
Visual check: D f a Main structure (rubber part): Missings or permanent deformation are observed,;
Damages, ISual check: Damages o Fixing brackets: There are loosened, detached, bent or cut parts.
rubber parts; Rust and
breakage of - b|---
Fender . scratches of fixing - - - — ———
fender, corrosion of Main structure (rubber part): There is deficiency, crack or chipping; Fixing
gy brackets c : ;
fixing brackets, etc. brackets: A rust is observed.
d| No change in status.
. . ) a| There is missings; There are damages or deformations impeding the function.
Curbing Damages, painting, | Visual check: Damages, bl ---
safet , corrosion of the deformation; Condition of paint c | There are damages, deformation, corrosion of curbing or peeling-off of paint
Y main structure Corrosion . ges, : gorp g paint.
fence d| No change in status.
. . . a| There are damages impeding the function.
Deterioration and Visual check: Damages, 9 P g
Passenger . ) X bl ---
boarding damages of main defo_rmauon of main structqres, ¢ | There are damages, deformation, corrosion of main structures or peeling-off of
s structures, peeling- peeling-off of paint; Corrosion ; ' '
1l facilities ; paint.
off of coating of steel members,etc -
d| No change in status.
a| There are cracks 3 mm wide or more in the axial direction of steel bars; There
Deterioration and . . . are spalling parts of covering.
damages of Visual Ch?Ck' Cra_cks, spalling, b | There are cracks less than 3 mm wide in the axial direction of steel bars.
concrete damages; Corrosion of steel ¢ | There are cracks perpendicular to the axial direction; o Rust fluid spots are
Foundation bars; Sign of deterioration, etc. perp r p
¢ dotted at places.
ﬁaﬁgﬁﬂo d| No change in status.
equi megn Deterioration, Visual check: Damages or a| There are damages or deformations impeding the function.
quip damages and deformation of main structure, b|---
corrosion of metal peeling off of paint; Corrosion ¢ | There are parts with paint peeled off or rusts in some areas.
anchorage of steel members, etc d | No change in status.
a| Pull-out; There are significant damages and corrosions that are deemed
o ) dangerous for use.
Damages, painting, | Visual check: Damages, bl ---
Ladder corrosion of the deformation; Painting; c | There are damages, deformation, peeling-off of paint and rust in the main
main structure Corrosion (for steel)
structure.
d| No change in status.
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APPENDIX C: The timing and frequency of periodical inspection

Table C1 - Example of approach to timing and frequency of periodic inspection

Facility

Timing and frequency

Waterways and
basin

Periodic inspections must be performed roughly once every maximum of 3
years and maybe shorter depending on the burial and erosion mechanism of
the port and the request of the management unit.

Protective facility

The first periodic inspection must be performed roughly once every maximum
of 5 years of the start of service. The second must be performed at 10 years
thereafter of service. Further inspections must be performed roughly once
every maximum of 5 years and maybe shorter depending on the conditions
relating to the occurrence or development of deformations.

Mooring facility

The first periodic inspection must be performed roughly once every maximum
of 5 years of the start of service. The second must be performed at 10 years
thereafter of service. Further inspections must be performed roughly once
every maximum of 5 years and maybe shorter depending on the conditions
relating to the occurrence or development of deformations.
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APPENDIX D: Method for derivation of performance drop
- Method for derivation of performance drop: The workflow of the performance drop assessment
method is shown in Figure D1 and Figure D2, and Results of the evaluation is shown in Table D1

[Step 1): Assessment of deterioration degree (a, b, ¢, d) for each inspection and diagnosis item
Conduct assessment of the deterioration degree of each inspection and diagnosis item for all units
whose deterioration degree should be assessed based on the criteria outlined in Tabe 6.1.1. To
determine the units for assessment of deterioration degree, refer to Appendix A

[l

[Step 2] Assessment of performance drop (A, B, C, D) for each inspection and diagnosis item
Conduct assessment of the performance drop of each inspection and diagnosis item based on the
criteria outlined in Table 6.1.4, referring to Table 6.1.6.

g

[Step 3]: Assessment of performance drop (A, B, C, D)
The most strictly assessed level of performance drop among the performance drop levels assessed
for each inspection and diagnosis item in [Step 2]

Figure D1 - Workflow of the method for assessment of performance drop
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xx wharf (gravity-type quaywall)

I - I - SO

Performance drop level by

—| Deterioration degree

Deterioration degree

—| Deterioration degree

1 block 2blocks | - |n blocks inspection tem
[1] Mormal line of the wharf [1] Normal line of the whart [I] Mormal line of the wharf [1I] Mormal line of the
—| Deterioration degree —|  Deterioration degree 1  Deterioration degree I:D wharf
{a, b, c d) {a, b, c,d) (a, b, c d) (A B CD
[1] Main structure [1] Main structure [1] Main structure [I] Main structure

= (A.B,C,D)

(a, b, c d) {a,b,c d (a, b, c,d)

(1] Apron [1] Apron [1] Apron [1] Apron
(settlement, cave-in) (settlement, cave-in) (setlement, cave-in) '::> (settlement, cave-in)
Deterioration degree Deterioration degree Deterioration degree (A.B,C,D)

(a, b, c, d) (a, b, c d (a, b cd
[ Apron [11) Apron [ Apran [11] Apron
| (deterioration and damagesof [ | ] (deterioration and damages of | || (deterioration and damages of ,;1> {deterioration and damages of|
concrete or asphalt) concrete or asphalt) concrete or asphalt) concrete or asphalt)
Deterioration degree(a, b, ¢, d) Deterioration degresia, b, ¢, d) Deterioration degree(a, b, ¢, d) (A, B, C,D)
[I1] Superstructure [I] Superstructure [M] Superstructure (] Superstructure
—| Deterioration degree —| Deterioration degree | Deterioration degree ':> (A, B,C,D)
(a, b, c, d) (a, b, c d) (a, b, c d

N

Performance drop
(A B,CD)

The most strictly
assessed

performance drop
level among the
performance  drop
[levels assessed for

linspections/
diagnoses by item
through Step 2.

each of the:

Figure D2 - Workflow of the method for assessment of performance drop

Table D1 Performance drop assessment (for gravity type quaywalls)
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[STEP1] — [STEP2] C———>| [sTEP3]
)
e Inspection T/,Eﬂﬂ'ﬂmﬁm judgment results Total ﬁerformance Perfgrmanoe
i L | 28 | 3L | 4B | sBL | 6BL | 7BL | SBL | 9BL | 10BL c d | Total rop by item op
.| Convexlconcave
Nfu:::;nal;”: deformation, | (’.\ e | b | e e | d d s | 2 | 10 B8
o1 the d iI'I'EQIJlEI'II't'f I/E'\I
Main Deteriaration and Sl
structure |d8Mages of 1 e b b T e e 6 | U= B
uclire | concrete

Settlement, cave-in i a - a b - - b § 1 10 A @
Apron

Deteriaration,

damages of I d c a a . c . 7 1 10 B

concrete or asphalt
Spahed | Scouring and |

sedimentation c b b b c c c i 0 10 B
Super- Deteriaration and
sinicture | 98mages of I c c e c . c . 10 ] 10 c

concrete

(DFrom the results of deterioration degree judgment, the deterioration degree of 1BL “concave/convex
deformation and irregularity in the wharf normal line (1)” is assessed as [a], but since the damage is in the edgeof the quaywall and has a relatively
small impact on the safety of ship berthing and deberthing at the wharf, theperformance drop is assessed as [B].
(2)From the results of deterioration degree judgment, the deterioration degree of 6BL “settlement and subsidenceof apron (Type |)” is assessed as [a],

and since the damage has a significant impact on the cargo handlingoperations at said wharf, the performance drop is assessed as [A].

(3)The most strictly assessed inspection and diagnosis item with the severest result of [A] isestablished as theperformance drop.
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APPENDIX E: Method to predict the life expectancy of reinforced concrete

E1. The method for determining the initial chloride ion content Co, and the apparent diffusion

coefficient Dy
a) Apparent diffusion coefficient D,

- The "Technical Standards and commentaries for Port and Harbor Facilities in Japan" stipulate that
the design diffusion coefficient Dy may be obtained from water-cement ratio W/C using the following
equation. It may be assumed that Dy is equal to Ds. In cases where no or few cracks occur in the

structure, the second term on the right side of equation 3 may be eliminated.

2
Dy =y.Dy +(ﬂj(ﬂj D, equation (E1)
w

I a

where,

Ve Material factor of concrete. May be set at 1.0.
D Characteristic value of diffusion coefficient for chloride ion in concrete (cm?/year).

Do Constant representing the effect of cracking on the movement of chloride ion in concrete.

May generally be set at 200 cm?/year.
w Crack width (mm).

Wa Limit of crack width (mm).
w/l  Crack width-spacing ratio W/l = cse/Es +& csa ).

Ose Incremental stress of reinforcement (N/mm?).

Es Young's modulus of reinforcement (N/mm?).
& '.a Value for considering the additional crack width due to concrete shrinkage or creep.

- If the concrete actually used is known, the characteristic value of diffusion coefficient for chloride
ion in concrete Dy may also be specified by conducting testing for a specimen developed using the

concrete. Otherwise, equations (E4) through (E6) may be used.
Dy =7,aD, equation (E2)
- When ordinary Portland cement is used:
log D, =-3.9(W/C)* +7.2W/C)-2.5 equation (E3)
- When blast furnace slug cement or silica fume is used:
log D, =-3.0W/C)* +5.4(W/C)-2.2 equation (E4)

where,
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a Conversion factor. May generally be set at 0.65 when using ordinary Portland cement or

at 1.0 when using blast furnace slug cement or silica fume.
Vo Safety factor concerning the accuracy of D,. May generally be set at 1.0.
Dp Predicted diffusion coefficient of concrete (cm?/year).
b) Chloride ion concentration on concrete surface Co

- The "Technical Standards and commentaries for Port and Harbor Facilities in Japan" stipulate that
Co may be obtained using the following equation. The equation has been based on the results of surveys
on the superstructure of a pier.

Co= —6.0 x +15.1 equation (E5)
where,
X is the distance from the high water level to concrete surface (m). It is stipulated that x

should meet the requirement 0 < x < 2 and that C, should not be less than 6.0 kg/m3.
E2. Prediction of progress of deformation using the Markov Chain Model.

- The Markov chain is a model for stochastically identify the transition of a system from a “state” to
the next “state” with a certain “transition probability”. The degree of deterioration of the structure is
represented by the result of regular inspection (a, b, ¢ or d) and the transition probability of the degree of
deterioration is represented by px to show the transition of the degree of deterioration (refer to Figure

E1). The figure enables the prediction of the progress of deterioration. A brief explanation is given below.

- If a certain amount of time passes from the present point, members with a certain degree of
deterioration transit to the next degree of deterioration with transition probability px. The remaining
members with transition probability 1 - px remain at the same degree of deterioration. The transition of
the degree of deterioration occurs simultaneously at all degrees of deterioration. Transition finally halts
at the last degree of deterioration (a). In this model, the transition of state is repeated each time certain
time passes and deterioration gradually progresses. The deterioration process is expressed by equation

1 where the degree of deterioration is (d) for all the members in the initial state.
l-p, l-p, 1-p, 1
Figure E1 — Transition in the markov chain based on the results of diagnoses in periodic

inspections (a, b, ¢, or d)
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t

d 1-p, O 0 0)\(1
c p, 1-p, O 0|0
b N 0 p, 1-p, 0|0 equation (E6)
a 0 0 Py 1)\0

- where, px is the transition probability and ¢ is elapsed time. Transition probability px is considered
to be an indicator of the rate of deterioration, and is assumed to be constant during the calculation for
predicting the progress of deterioration.

- Described below are the basic characteristics of a Markov chain model based on the results of
estimation. Figure (E2) shows the changes in ratio of each degree of deterioration with time. The figure

shows that the peak degree of deterioration shifts to a higher degree with time.

- Figure (E3) shows the effect of transition probability pxon the transition of the ratio of the degree
of deterioration. In cases where the elapsed time is the same, the higher the transition probability, the
further to a higher degree of deterioration the peak degree of deterioration transits. The result shows that
the transition probability is an indicator equivalent to the rate of deterioration. A certain level of count of

inspection results under the same condition is required as a prerequisite.

08
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Figure E2 — Transition of the ratio of degree of deteration with time
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Figure E3— Effects of transition probaility px on the transition of the ratio of degree of

deterioration

- This model was applied to a distribution of the degree of deterioration (a, b, ¢ and d) in the
superstructure of a pier (concrete), and calculation results were compared with measurements. It is
evident that they are in good agreement with each other. Thus, transition probability px can be calculated
by identifying the results of inspection of the degree of deterioration and the time elapsed before the

inspection.

- Figure E5 compares the predictions made using transition probability px that was estimated based
on the results of inspections of the degree of deterioration (predictions in three years' time in the figure)
with the results of actual inspections in the future (results of investigations in three years' time in the
figure). It is evident that both are in good agreement with each other. The result suggests that the progress
of deterioration of a structure with varying deterioration conditions can be predicted relatively easily simply
using the results of inspections of the degree of deterioration. It should, however, be noted that in cases
where low degrees of deterioration are found in large numbers because deterioration is not outstanding
as only little time has passed, transition probability px may be underestimated and predictions may be
different from the actual conditions.

- The Markov chain model is applicable not only to material deterioration that progresses with time
like the corrosion of reinforcement steel caused by chloride intrusion but also to the occurrence and
progress of deformation. This section discusses the degree of deterioration (a, b, ¢ and d) only. The model

is, however, applicable also to comprehensive evaluation (A, B, C and D).
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Figure E4 — An example of distribution of the degree of deterioration in the superstructure of the
pier (beams)
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Figure E5 — Investigation results and deterioration predictions for the superstructure of the pier
(slabs and beams)

- One state of the Markov chain model is given corresponding to one degree of deterioration in
equation (E7) in this way, however, measurements are not in good agreement with calculation results in
cases where there is a sharp peak of the degree of deterioration in the distribution of the degree of
deterioration. Then, accuracy can be increased by dividing the state of the Markov chain model into sub-
states corresponding to a single degree of deterioration. Shown below are equations for different numbers

of sub-states.
a) Model 1 (number of sub-states: one)

- A single state of the Markov chain model is given for a single degree of deterioration as expressed

by equation (E6). The number of states is one.
b) Model 2 (humber of sub-states: two)

- Two states of the Markov chain model are given for a single degree of deterioration as expressed

by equation (E7). The number of sub-states is two. The sums of two terms (a1 + a2, b1 + b2, ¢c1 + c2, d1
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+ d2) correspond to the distribution of measured degree of deterioration (a, b, c or d).

t

equation (E7)

O o o o o ©
P oo oo oo ©

O O O O O oo o =

c) Model 3 (number of sub-states: three)

- Three states of the Markov chain model are given for a single degree of deterioration as expressed
by equation E8. The number of sub-states is three. The sums of three terms (a1 + a2 + a3, b1 + b2 + b3,
c1+c2 +c3, d1 + d2 + d3) correspond to the distribution of measured degree of deterioration (a, b, c or
d).

&) (I-p, 0 0 0 0 0 0 0 0 0 0 o0 \n
d, b, 1-p, 0 0 0O 0 0 0 0 0 0 0 |lo
ds 0 p 1-p, o 0 0 0 0 0 0 0 |[|o
¢ 0O 0 p 1-p, 0 0 0 0 0 0 0 o0 |lo
c, o 0 0 p 1-p,0 0O 0O 0 0O 0 o0 |[lo
Cs o 0 0 0 p 1-p,0 0O 0O 0 0 O |loO equation (E8)
b| |0 0o 0 0 0 p 1-p0 0O 0 0 O |0
b, o 0 0 0 0 0 p 1-p0 0 0 0 [[O
b, o 0o 0 0 0 0O 0 p 1-p 0 0 0 [[O
a, o 0 0 0 0O 0 O 0 p, 1-p,0 o0 [lO
a, 0o 0 0 0 0 0 0 © p, 1-p, 0 |[|0
a, o 0o 0o 0 0 0 o 0o 0 o0 p 1 Jlo
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APPENDIX F: Guideline on setting up maintenance program for port facilities
1. General
1.1. Purpose
This maintenance program has been developed for the following Marine Facility.
Basic information and plan of marine port facilities should be introduced, including:
- Type of work;

- Purpose;

Design Water Depth in front;

Constructed Date;

Upgraded Date;
- Service Life: Original and Upgraded; and other basic information. etc.,
1.2. Fundamental Concept and Maintenance Strategy

The fundamental workflow and concepts of maintenance stages will be built based on refer to
Part 4.2 in this TCVN.

1.3. Legal Basis

This part will specify the legal basis relating to the quality and maintenance management of port
facilities.

1.4. Applicable Standards
1.5. Quality Documents
2. Facility Outline

2.1. Facility Outline

This part will specification detail information of elements and structures must be performed the

maintenance works in the future.

The information is presented briefly, easy to understand by tables and drawings of the master
plan, location, structure diagram, general layout. This information is compiled from design documents

and completed drawings of the port.
1) Drawings:
- Master plan;

- Drawing or diagram of locations of elements and structures (numbering, legend and notes

clearly indicating the name of each item);

126



(Draft)
TCVN xxxx: 2020

- Drawings or cross-sections of the main structure types of port;
2) Tables:
- Table of Outline of elements and structures of port. Table 1. is an example of Outline of Jetty;

- Table of Outline of Equipment and Protection works or other ancillary of port. Table 2. is an

example of Outline of Equipment on Jetties;

Table 1. Outline of Jetty

S/IN Item Details Design Service Life

1 Seabed Level at Berthing Line

2 Design Vessel

3 Structural Dimensions

3-1
3-2
Table 2. Outline of Equipment on Jetties
S/IN Item Details Remarks
1 | Ladder
2 | Fender

3 | Mooring buoy

4 Cathodic Protection for Steel
Pipe Piles

2.2. History of Service Life and Maintenance

This section will describe information about the history of construction / operation of the item /
work, the future maintenance and repair plans to ensure that operation and the life of the port meet the

requirements as design.

An example is shown in Table 3.
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Table 3. History of Service Life and Maintenance

Legend:
#®Executed inspections
Reporting Date Jul 2018 < Future Inspections
SIN Item 1995 2000 2005 2010 20]'5 2020 | 2025 2030 2035
1 | Jetty
Original Structure il Bl e L (e R
1-0 Service Life (25 (2026)
year) U ded S
pgraded Structure (2036)
1-1 Construction (20,000 DWT) Construction—
' (1998-2001)
1-2 Operation (20,000DWT) (2026
)
Upgrade T
1-3 Upgrade (60,000DWT) (2009-
2011)
1-4 Operation (60,000 DWT) _——— (= = == == = = (2036)
_ (2013) | (2018) | (2023)| (2028) | (2033)
1-5 Inspection . . o o N
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2.3. Design Standard

List the Standards which are used to design the port facilities.

2.4. Design Conditions

This section describes the characteristics of port design conditions. Basic information is extracted

from Design document, construction completion document. The content may include as below:
2.4.1. Natural Conditions

1) Water Level

2) Wind & Current

2.4.2. Soil Conditions

2.4.3. Seismic Condition

2.4.4. Design Vessels

2.4.5. Mooring Load

2.4.6. Loading Condition

2.4.7. Concrete cover for Reinforcement condition

2.5. Material
2.5.1. Concrete & Reinforcement
2.5.2. Other Material & Equipment

Type, applicable standards, supplier (in case of necessity to replace equipment of the right type),

other relevant issues of materials and equipments.
3. Inspection
3.1. Inspection Items and Importance Grade

In the inspection plan, it is necessary to determine the importance grade (classification of items

for inspection and diagnosis) of components. Refer. Clause 6. in this TCVN.
3.2.  Selection of Inspection Items
The inspection items can be selected from Subclause 6.2 and Appendix A. in this Standard.

Note: The inspection items shall be selected base on considering inspection frequency, contents

of inspection, etc.
3.3. Inspection Plan

Considering the above information, the inspection plan has been established.
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4. Evaluation
4.1. General

Evaluate the degree of performance degradation based on the inspection results, and consider
the remaining performance of the facility, the possibility of maintaining the required performance during
the service period, utilization plan of the facility, importance, etc., and diagnose the implementation of the

necessary measures carry out.
4.2. Degree of Deterioration and Performance Degradation of Parts and Facility
4.2.1. Degree of Deterioration and Performance Degradation of Parts

“Performance deterioration of Parts” is obtained from the contents of “Importance Grade of Part’

and “Degree of Deterioration of Parts” obtained from the inspection and diagnosis result.
4.2.2. Performance Degradation of Facility

The degree of performance degradation of the facility is the same as the worst state of the

performance degradation of the member. Table 4. is an example.
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Inspection items

o £
Insnection (‘c; s Performance Performance
pNo Inspetion target Inspection items Inspection method £ 5 Structure degradation degradation
g 2 for each item for structure
E g SCN | TV1 | TV2 | TN1 | TN2 | TN3 | TN4 CD
Performance degradation for each structure D C C A B B D A
g
Horizontal In Horizontal displacement
1-0010 Overall Jetty displacement air Visual settlempent | d d d d d d d d D
settlement
1-0020 Seabed Zléjglt)l:aaclitllt()—}r\‘/(—:(‘)lf ;?r Measure Sounding leads I d d | NJA|NA|NA|NA|NA| d D
1-0030 Backyard dse?g:fnngﬁga ;?r Visual Settlement deformation Il d d d d d d d d D
Superstructure Deterioration and In damggr;?egk(l:r(;?rvoss?g!”;?éteel
-0040 (upper surface) di?fggfem air Visual bars, sings of deterioration, I d d d d d d d d D
etc
Superstructure Deterioration and In numE(lerre Clgggtﬁfacl:gcvt%th of
1-0050 (lower surface, slab) di?r?(?rifem air Visual cracks, spalling of covering, I d d d d d d d d D
presence
Superstructure Deterioration and In numggfﬁggntgf;{giﬁth of
1-0060 (lower surface, damages of ! Visual ks I? f . Il d c d d b b d d B
beam) concrete air cracks, spalling of covering,
presence
Superstructure
) (upper & lower Concrete strength In Rebound hammer (Schmidt A
-0071 surface, slab &  |(rebound hammer) air Measure hammer) I d d d d d d d N/A D
beam)
Superstructure
R (upper & lower Concrete strength In Concrete coring
100-72 surface, slab &  |((Compression test) air Measure compression test I d d d d d d d d D
beam)
Deterioration and In Rust and heaving peelin
10090 Steel pile (paint) damages of air | Visual off of coatigr'1p 9 I d d a a d d d a A
protective paint 9
Srtgtlgﬂligr; (C?;tlcgg:g Measurement of In Measurement of electrical
1-0130 pano de. im gresse q electrical air Measure | protential (corrosion control [ d d d d d d d d D
cijrre?]t) potentail potential per electrode)
Stell pile — Cathodic . . . .
: DC and electrical In ) Discoloring of terminal
-0140 (impr%r:stggt?unrrent) equipment air Visual loosening of bolts and muts | N/A | N/A d d d d d N/A D
Stell pile - Cathodic : Measurement of DC votage
1-0141 protection DC and electrical " Measure | and the current insulation I N/A|NA| d d d d d | NA D
) equipment air ; .
(impressed current) resistance of rectifer)
Deterioration and In ; Damages, deformation
1-0200 Bollard damages, air Visual condition of plain I N/A d d d d d d N/A D
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peeling - off of
paint, etc
b?:;?(gggséf In Damages of rubber parts
1-0300 Fender fender cc?rrosion air Visual Rust and scratches of fixing 11 N/A d N/A | N/A | N/A | N/A | N/A | N/A
U brackets
of fixing
painlt:i)r{:lén ?:?)?li)’sion In . Dama_ges, defo!’mation
1-0400 Ladder of the main air | Visual painting corrosion (for 11 d d d d d d d | NA
steel)
structure
Damages,
) painting, corrosion In ) Damages, deformation
1-0500 Curb of the main air | Visual |l paint corrasion 11 d | NJA | N/A | N/A | N/A | N/A | N/A | N/A
structure
Breakage In Damages, deformation of
1-0600 Safety fence corrosign air Visual main structures, peeling — 11 N/A | N/JA | N/A | N/A | N/A | N/A | N/A d
off of paint
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5. Determination of the remaining sevice life

Determination of the remaining sevice life is based on the comprehensive evaluation results
presented in Clause 6 and prediction for process deterioration. The detailed content of the prediction for

process deterioration are presents in Clause 7.
6. Comprehensive Evaluation
The comprehensive evaluation consists of the following Table 5.

This Table 6 is the final decision of countermeasures for this facility from the port management

point of view, considering the following evaluation.
Port Management Decision for countermeasures to be taken and timing
7. Maintenance and Repair Plan

The required items/works maintenance and repair plan must be developed based on the

inspection results, evaluation and exploitation plan in the future.
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Table 6 - Comprehensive Evaluation
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c i g
Inspection _ o _ -% g Performa_nce Performa_nce R ecgr?l?rllr:;?jraséi ons Port Management Decision
No Inspetion target Inspection items Inspection method 23 degrada_tlon degradation A v
@ ® | foreachitem | for structure Assessment Cousnsii?;izres Excusion
Performance degradation for each structure
Horizontal In Horizontal
1-0010 Overall Jetty displacement air Visual displacement D
settlement settlement
1-0020 Seabed Fluctuation of In Measure Sounding leads I D
seabed level air
Settlement In . Settlement
-0030 Backyard deformation air Visual deformation . D
. . Cracking, spalling,
Superstructure Deterioration In ' damagesgcorrr)osiorgJ of
1-0040 and damages of | _. | Visual . Il D
(upper surface) air steel bars, sings of
concrete L
deterioration, etc
Direction of cracks,
Superstructure Deterioration In number, length and
1-0050 (lower surface, [and damages of air Visual width of cracks, Il D
slab) concrete spalling of covering,
presence
Direction of cracks,
Superstructure Deterioration In number, length and A
1-0060 (lower surface, [and damages of air Visual width of cracks, Il B
beam) concrete spalling of covering,
presence
Superstructure Concrete
(upper & lower strength In Rebound hammer
-0071 surface, slab & (rebound air Measure (Schmidt hammer) I D
beam) hammer)
Superstructure Concrete
100-72 (upper & lower strength_ Ir_1 Measure Concrete_coring I D
surface, slab & (Compression | air compression test
beam) test)
Deterioration In Rust and heaving
10090 Steel pile (paint) jand damages of .| Visual . : A
. . air peeling off of coating
protective paint
Stell pile - Measurement of
Cathodic Measurement In electrical protential
1-0130 protection of electrical air Measure (corrosion control D
(galvanic anode, potentail potential per
impressed current) electrode)
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S >
| ) 2 S | Performance
nspection . . . o -
No Inspetion target Inspection items Inspection method o 2 | degradation
@« | for each item
co
Cath?)zjei(l‘,l plrlt()et;ction DC and In Discoloring of
1-0140 odic p electrical .| Visual terminal loosening of D
(impressed ) air
equipment bolts and muts
current)
Stell pile - Cathodic Measurement of DC
. DC and
1-0141 protectlon electrical ".‘ Measure votage. and the D
(impressed . air current insulation
equipment : X
current) resistance of rectifer)
and damages, | In | |, Damages,
1-0200 Bollard . ; .| Visual deformation condition 1] D
peeling - off of | air of plain
paint, etc P
Damages, Damages of rubber
breakage of In parts Rust and
1-0300 Fender fend_er, air Visual scratches of fixing 1l D
corrosion of
e brackets
fixing
1-0400 Ladder painting, .| Visual deformation painting 1l D
corrosion of the | air )
. corrosion (for steel)
main structure
Da}a\ri?]?i%e& In Damages,
1-0500 Curb painting, .| Visual deformation condition ] D
corrosion of the | air . -
h of paint corrosion
main structure
Damages,
0600 | Safety fence Breakage | In | ;g | deformationof main | D
corrosion air structures, peeling —

off of paint

Performance
degradation
for structure

Engineer’s .
9 . Port Management Decision
Recommendations
Assessment/ .
Assessment Excusion
Countemeasures






