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Preface:
TCVN 11820-1 : 2025 “Mairine Port Facilities - Design standards. Part 1: General Principles”
are compiled Institute of Trasportation for Science and Technology based on the "Technical

Standards and Commentaries for Port and Harbour Facilities" in Japan, version OCDI 2020.



FINAL DRAFT (Draft)
25/11/2024

TIEUCHUAN QUOC GIA TCVN 11820-1: 2025

Marine Port Facilities- Design Requirements- Part 1. General Principles.

1 Scope of application

This standard stipulates general principles in the design of new construction, renovation,

upgrading and maintenance of all types of seaport projects.

The design method used in this Standard is design according to limit states. In some
calculation cases, if there are appropriate arguments, the allowable stress design method can

be used.

Seaport projects mentioned in this set of standards include:

- Sea port projects;

- Breakwaters, sand breakwaters and shore protection structures;

- Ship channels and port harbours;

- Dry docks, ship locks, and shipbuilding and repair factory wharves;

- And some other types of seaport projects (when conforming to the requirements of this

standard).

NOTE 1. In this standard, two design methods according to limit states are presented simultaneously: Design
according to the method of component coefficients following BS6349 and Design according to the method of
resistance coefficients and load coefficients following OCDI2020.

NOTE 2. Designers may use one of the two design methods mentioned above but may not use a mixture of both
design methods in one project.

2 Reference documents

The following referenced documents are essential for the application of this standard. For
referenced documents stating the year of publication, the version stated applies. For
referenced documents without publication year, the latest version applies, including

amendments and supplements (if any):
TCVN 11419:2016, Navigation channels - Design requirements;

BS 6349-1-1:2013, Maritime Work - Part 1-1: General-Code of practice for planning and design

for operations exploit);

BS 6349-1-2:2016, Maritime Work - Part 1-2: General — Code of practice for assessment of

actions (Marine works - Part 1-2: General - Standards for assessing impacts);

ISO 2394:1998, General principles on reliability for structures.
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OCDI 2020 : Technical Standards and Commentaries for Port and Habours Facilities in Japan

(Technical Standards and Commentaries for port facilities in Japan).

3 Terms and definitions

In this standard the following terms and definitions are used:
3.1

Safety

A feature capable of ensuring the safety of human life, if there is a certain level of damage
related to possible impacts, that level of damage will not cause structures to become unstable.
, and must be limited to an area that does not seriously affect the work of ensuring the safety

of human life.
3.2
Fire resistance grad

Fire resistance characteristics of houses and buildings according to standards are determined

by the fire resistance limits of main construction structures.
3.3
Harbor

The water area is protected to provide safe and suitable facilities for ships to transship goods,

refuel, repair, etc. Port tanks can be divided into:

- Natural harbor: the harbor is protected from storms and waves due to the natural shape of
the land;

- Semi-natural harbor tanks: harbor tanks have both natural and artificial protection;

- Artificial harbor tanks: harbor tanks are protected thanks to the effectiveness of breakwaters

or harbor tanks formed by dredging.
3.4
Marine port

Ports are located offshore (island ports...), along the coast, tidal estuaries, or estuaries where

ships can go directly to the port.
3.5
Chart Datum Level (CDL)

The conventional standard level is chosen as the base to measure the depth of the sea, usually

chosen as the lowest water level.
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NOTE: In Vietnam, this standard level is taken to coincide with the astronomical minimum water level (the lowest
possible net water level).

3.6

Return period

The return period of a specific extreme condition in years.
3.7

Durability

General characteristics of durability and stability of the project throughout the period of

exploitation and use.
3.8
Fire resistance limit

The time in hours or minutes from the start of the fire resistance test according to the standard
temperature regime of the samples until the appearance of one of the limit states of the

structure and components is as follows:
- Loss of ability to bear weight;

- Loss of integrity;

- Loss of thermal insulation.

3.9

Maintainability

The ability to continuously ensure the required performance of buildings by carrying out repairs
and maintenance of deterioration and damage of buildings resulting from their use and

impacts. can occur within a technically acceptable and economically reasonable range.
3.10

Displaycement

Total mass of the ship and its contents.

NOTE: Equal to the volume of water displaced by the ship multiplied by the density of the water.

3.1

Objective of the project

The goal of the project is the reason why related facilities are needed and it becomes the

foundation of the performance requirements of the related facilities.

The goal of a project is the minimum role that the related project must play from the perspective

of the common good. Therefore, organizations or persons constructing, renovating or
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maintaining works may, as appropriate, make changes to items other than those specified to

be the purpose of the relevant works when Consider the specific situation of those projects.
3.12
Limit state design method (Limit state design)

Calculation method to check the limit state is defined as the state where loads act on the
structure and cause adverse effects on the function or safety of the structure. The states that
must be tested are the ultimate limit state, the serviceability limit state and the fatigue limit

state.
3.13
Verify Performance

Performance verification is the work to verify that Performance criteria are met. No specific
technique is required to perform verification. In other words, the designer has the full right to
choose a specific method for verifying the performance and specification of the indicators
indicating the permissible safety limits and the limiting values of the amount of deformation ,

etc
3.14
Ship

Ocean and coastal vessels include general cargo ships, container ships, oil and gas and

liquefied product tankers, passenger ships, Ro-Ro ships, and bulk carriers.
3.15
Limit state

The state corresponding to the conditions beyond which the building or construction part does

not satisfy the regulations on which the design was based.
3.16
Ultimate limit state (ULS)

Condition associated with sliding failure or other similar forms of structural failure.

NOTE: In general, they correspond to the maximum load-bearing capacity of the building or construction part.

3.17
Fatigue limit state (FLS)

A state similar to the ultimate state occurs due to fatigue under the impact of repeated loads

during the life of the structure.

3.18 Serviceability limit state (SLS)
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The state corresponding to the conditions beyond which the building or construction part does

not satisfy the specified use requirements.

3.19

Spring tides

Twice in a lunar month when the average amplitude of two consecutive tidal cycles is the
largest.

3.20

Neap tides

Twice in a lunar month when the average amplitude of two consecutive tidal cycles is smallest.
3.21

Lowest astronomical tide (LAT)

The tidal level is low when all harmonic components cause tides in phase.

NOTE: The harmonic components in the phase approximately occur every 18.6 years, but a LAT-equivalent
elevation is reached several times per year at most locations. The LAT does not represent the lowest possible sea
level, as receding waters and tsunamis that could cause significantly lower water levels could occur. LAT is the
altitude often chosen as the standard altitude to measure depth on maritime maps.

3.22
Deadweight tonnage (DWT)

The total mass of cargo, stores, fuel, crew and stores loaded on the ship when submerged up

to the summer load line.

NOTE: Although it represents the ship's load-carrying capacity, it is not an exact measurement of cargo load.

3.23
Gross tonnage (GT)

Dimensionless index representing the total gross tonnage of the ship.

NOTE: Gross tonnage is different from gross register tonnage (GRT), it is an absolute measurement of the ship's
total internal volume capacity according to the definition prescribed by the registry. and is measured in units of 2.83

m3.
3.24
Design working life

According to BS6349: The assumed period of time during which a building or part of a building
will be used for its intended purpose, with appropriate maintenance but without requiring major

repairs.
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According to OCDI 2020: Design life is “the period of time appropriately established as the time

during which the performance requirements of the facilities concerned must be continuously

satisfied as they were designed.” The design life needs to be defined as one of the design

conditions because the design life specification helps to quantitatively verify that the necessary

functions and features of the relevant facilities still exist. be maintained.

3.25

Design event probability

Probability of a particular extreme condition occurring during the life of the structure.

4 Symbols and abbreviations

4.1 Symbols
F Load value
Fq Design value of load
Fx Characteristic value of load
Frep Representative value of load
n Design life (years)
P Probability of a particular extreme condition during design life (%)
Tr Return period of a specific extreme condition (years)
Y Combined coefficient of permanent load
Y Combined value coefficient of temporary load
Y, Short-term value coefficient of temporary load
Y, Long-term value coefficient of temporary load
The load component factor takes into account the unfavorable deviation of the design
v value compared to the representative value of the load.
YG.suP Component coefficients for the adverse effects of permanent loads
VG inf Component coefficients for the favor effects of permanent loads
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According to OCDI

A Cross-sectional area (cm?) or (m?)
Ac Projected area of the submerged part of the floating body
Ap Cross-sectional area at the pile bottom (m?)
As Amount of horizontal reinforcing bars in shear plane (mm?)
At Above-water bow projected area of the ship (m?)
Bc Width of breakwater body (m)
Br Width of a footing (m)
C Center of buoyancy
C Wave celerity (m/s)
c Cohesion (kN/m?)
' Undrained shear strength for cohesive soil ground or apparent adhesion under a
° drained condition for sandy soil ground (kN/m?)
Ca Mean adhesion of pile and the ground (kN/m?)
C.D.L Datum level for port administration (L.W.L.)
Co Chloride ion concentration at the surface of the concrete (kg/m?3)
Co Undrained shear strength of the original ground (kN/m?)
Characteristic value of undrained shear strength of clayey soil at the foundation
o bottom (kN/m?)
Co Block coefficient
Co Drag coefficient
Design value of chloride ion concentration at the position of the reinforcing bars
o (kg/m3)
Ce Eccentricity factor
Cr Frictional resistance coefficient
G Distance between center of gravity and center of buoyancy (m)
Cwm Inertia coefficient
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Cm virtual mass factor

Cv Coefficient of consolidation (cm?/day) or (m?/s)
Cy Coefficient for lateral wind pressure resistance
Ca Secondary compression index (also called coefficient of secondary consolidation)
D Embedment depth of foundation (m)

D Depth of the navigation channel (m)

D Diameter (mm)

D Draft (m)

dio Grain diameter corresponding to 10% by mass passing (mm)
dso Median grain size of sand (mm)

Da Allowable deformation (cm)

De Equivalent diameter of a drain (cm)

Dr Embedded length of a sheet pile wall (m)

Dm Orbital diameter of a water particle (m)

Dmax Maximum deformation (cm)

Dy Reference deformation

D, Relative density

DT Full-load displacement tonnage of the ship (ton)
Dt Average storage days in the yard (day)

Dw Diameter of a drain (cm)

DWT Deadweight tonnage of the ship (ton)

E Modulus of elasticity (kN/m?)

E Wave energy (N/day)

e Avoid ratio

e Eccentricity (m)

€o Initial void ratio

E1 Encounter probability

Eso Elastic modulus (kN/m?)
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Ea Active earth pressure (kN/m)

Es Berthing energy of the ship (kJ)

e Hammer efficiency

E Flexural rigidity of the pile (kNm?)

€max Void ratio in the loosest state

€min Void ratio in the loosest state

Ep Passive earth pressure (kN/m)

Es Energy absorbed by the fender (kJ)

F Required buoyancy of the floating body (kN)

F Fetch (m)

f Friction coefficient

f Frequency (Hz)

fe Corner frequency

Fq Wave drift force per unit width (kN)

Fet Effective fetch (km)

Fn Lateral force acting on the hull of a ship (N)

fi Design tensile strength of a stabilized body (kN/m?)
Fu Uplift acting on the bottom surface (kN/m)

Fw Wind drag force (kN)

G Shear modulus of elasticity (kN/m?)

G Center of gravity

g Gravitational acceleration (980 cm/s?)

Go Shear modulus of elasticity (kN/m?)

GM Distance between the gravity center and metacenter of the ship (m)
GM Distance between metacenter and center of gravity (m)
GT Gross tonnage of the ship (ton)

H Height of incident waves

H Horizontal force acting on the unit (kN)
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H Thickness of a consolidation layer (m)
H Wall height (m)
H Water depth (m)
h A damping constant
h Head loss (cm)
h Thickness of a concrete slab (cm)
h Layer thickness (m)
h Water depth (m)
h' Freeboard (m)
h' Water depth at the bottom of caissons (m)
Ho Deepwater wave height (m)
Ho' Equivalent wall height (m)
h4 Water level in front of the structure (m)
h4 Water level in front of the structure (m)
His Significant wave height (m)
Hi/20 Highest one-twentieth wave height (m)
Hp Breaking wave height (m)
Water depth at an offshore distance of 5 times the significant wave height from
" the front face the upright wall (m)
he Required crown height above water level (m)
Hp Wave height used in performance verification (m)
hs Height of footing (m)
Hi Horizontal force distributed to each pile (N/m)
Hi Incident wave height (m)
hi Thickness of the ith layer (m)
Hmax Maximum wave height (m)
hw Difference between a residual water level and a tidal level (m)

Geometrical moment of inertia (m*/m)
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Pile deflection angle (rad)

Iribarren number

Influence value

K Coefficient of earth pressure
K Modulus of elasticity of ground (N/mm?
K Spring constant of the piled pier (kN/m)
K The rebound rate (m)
k Coefficient of permeability (cm/s)
k Increase rate of ¢,
k Coefficient of lateral subgrade reaction (MN/m?3)
k Horizontal seismic coefficient
k Lateral resistance coefficient of the ground (kN/m?2° or kN/m?3%)
k Coefficient of permeability (cm/s) or (m/s)
k' Apparent seismic intensity
Ko Coefficient of earth pressure at rest
Coefficient of bearing capacity corresponding to the loading plate with a diameter
o of 30 cm (N/mm?)
The coefficient of bearing capacity corresponding to the loading plate with a
s diameter of 75 cm (N/mm?)
Ka Coefficient of the active earth pressure
Kch Coefficient of lateral subgrade reaction (kN/m?)
Kad Diffraction coefficient
kn Seismic coefficient
Kp Apparent horizontal seismic coefficient
Khi Horizontal spring constant of pile (kN/m)
Ki Relative stiffness (m?)
Kp Coefficient of passive earth pressure
Kr Reflection coefficient
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Kr Refraction coefficient

Ks Shoaling coefficient

Ks Horizontal shear modulus (kN/m?)

kv Coefficient of vertical subgrade reaction (kN/m?).

L Embedment length of a pile (m)

L Wave length (m)

I Embedment depth (m)

I Span (m)

Lo Deepwater wavelength (m)

L+ Design service life (year)

La Length of the berth (m)

lg Length of the ground chain (m)

Lop Length between perpendiculars of the ship (m)

L: Wavelength of transverse waves (m)

M Metacenter

M Overturning moment (kN-m/m)

M Required mass of rubble stones or concrete blocks (t)
M Resistant moment due to friction on wall surfaces with fillings (kN-m/m)
M Stable mass of rubble stones or other armor material (t)
m Adjustment factor

ms Adjustment factor for bearing capacity of foundation
M Horizontal maximum bending moment (kN-m)

M, Rotation moment

Ms Mass of the ship (t)

my Coefficient of volume compressibility (m?/kN)

Muw Mass of the water body (t)

N SPT-N value.

N Mean SPT-N value

16
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N Number of waves

n Porosity of the ground (%)

n Stress sharing ratio = (n=A0s/AC¢)

n Young's modulus ratio (=Es/E¢)

Ner Effective number of waves

Ng, N: Bearing capacity coefficient

Ns Stability number of the armor units

P Tractive force (kN)

P Concentrated load (kN)

P Exceedance probability of permissible rate of overtopping
P Horizontal load (kN)

P Load intensity (kN/m?)

P Maximum rainfall (mm)

P Total uplift (kN)

P Wind energy per unit cross-sectional area (W/m?)
p A reduction rate

p Air pressure (hPa)

p Cumulative percentage (%)

p Subgrade reaction (kN/m?)

p’ Increment of consolidation pressure (kN/m?)

p1 Wave pressure at the still water level (kN/m?)

P2 Wave pressure at the sea bottom (kN/m?)

p3 Wave pressure at toe of the upright wall (kN/m?)
Pa Intensity of the wave pressure (kN/m?)

Ps Buoyancy (kN/m)

Pc Air pressure at the center of typhoon (hPa)

Pdw Dynamic water pressure (kN/m?)

Pu Horizontal wave force (KN/m)
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P« External pressure to cause buckling (kN/m?)
Prmax Maximum tsunami wave pressure (kN/m?)
Pp Resultant passive earth pressure (kN/m)
Pu Uplift force (kN/m)
Pv Resultant vertical earth pressure (KN/m)
Pw Residual water pressure (KN/m?)
q A seepage flow rate per unit width (cm?®/s/cm)
q Loaded weight (kN/m?)
q Velocity pressure (N/m?)
Design value of foundation bearing capacity considering buoyancy of submerged
* part (kN/m?)
Qu Unconfined compression strength (kN/m?)
qu Mean unconfined compression strength (kN/m?)
Quc Standard design strength (kN/m?)
Qx Longshore sediment transport rate (m?/s)
R Radius of circular slip failure (m)
R Radius of cylindrical cell (m).
R Rainfall intensity (mm/h)
r Radius of gyration of area (mm)
Ry Fuid pressure force (kN)
Rik Characteristic value of the skin friction force of a pile (kN)
RWL Residual water level (m)
S Settlement (m)
Sg Specific gravity (ton/m?)
Sr Specific gravity relative to water
Su(f) Frequency spectrum (m?/s)
T Tension force of the tie member (kN)
T Tractive force (kN/m)
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T Wave period (s)

t Consolidation time (min)

t Design working life (y)

t Plate thickness (mm)

t Rainfall duration (min)

t Temperature (°C)

to Start time of secondary consolidation (d)
T+ Return period (year)

T Significant wave period (s)

U Average degree of consolidation

U Flow velocity (m/s)

U Ship speed (m/s)

u Utilization factor

U Wind velocity (m/s)

U1o Average wind velocity at the standard height of 10 m (m/s)
Uc Velocity of the currents (m/s)

V Current velocity (m/s)

\% Displacement volume (m?®)

V Wind velocity (m/s)

v The Poisson ratio

Vb Berthing velocity of the ship (m/s)
Vy Velocity of gradient wind (m/s)

Vi Amplitude of each tidal constituent
Vp Longitudinal wave velocity (m/s)
Vs Transverse wave velocity (m/s)

w Self-weight (kN)

w Wind load(N)

w Water content (%)
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w Deflection (m)

w' Saturated unit weight (kN/m?3)

Wo Equivalent unit weight (kN/m?3)

Wo Unit weight of sea water (kN/m?)

W, Wheel load (N)

Wi Load intensity (kN/m)

Wi Saturated unit weight (kN/m?3)

WL Water level (m)

Yo Displacement (m)

z Section modulus (mm?3)

a Factor for an effective cross-sectional area

a Wave pressure coefficient of hydrostatic pressure (=1,1)
Constant determined by bottom shape (1,00 for rectangular shape and 0,588 for

0 round shape)

B Characteristic value of a pile (m™")

B Drift angle (rad)

B Incident wave angle (°)

Y Density of seawater (t/m?)

Y Unit weight of soil (kN/m?)

Y Unit weight of fill (kN/m?®)

Vi Structure factor

Vs Load factor

Vi Wet unit weight (kN/m?3)

Yw Unit weight of water (kN/m?).

o Angle of wall friction

Ac Increases in strength (kN/m?)

Ae Change in void ratio

Ap Pressure increment (kN/m?)
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AS Residual settlement (m)

€50 Strain at qu/2 in unconfined compression test

kenk Characteristic value of a seismic coefficient for verification
C Correction coefficient

n Inundation depth of tsunami standing wave in front of upright walls (m)
n* Wave pressure acting height above the still water level (m)
0 1/2 of the target beam angle

0 Angle between a slip surface and a horizontal plane (°)

¥ Heaving ratio

¥ Plasticity rate

J Static friction coefficient

¥ Friction coefficient

v Poisson’s ratio

o Density (t/m?3)

o Flexibility number (m3MN)

Po Density of sea water (t/m?)

Pog Unit weight of seawater (kN/m?3)

Os Soil particle density (t/ m3)

Pw Density of seawater (t/m?)

o Normal stress on a shear surface (kKN/m?).

Ot Secondary stress (N/mm?)

oy Yield stress (N/mm?)

T shear strength (kN/m?)

(0} Angle of shear resistance (°)

(0} Angle of shearing resistance of soil (°)

0 Angle between the bottom face of a segment and a horizontal plane (°)
w Similarity number

w Surcharge per unit area (kN/m?)
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0 Angle of wall friction(®)

p A density of air (t/m?3

Po Density of seawater (g/cm?)

o Dynamic water pressure

o Standard deviation

oy Yield stress (N/mm?)

T Average shear strength on a slip surface (kN/m?)
dplor Pressure gradient (kg/m?/s?)

4.2 Abbreviation

CDL Chart Datum Level

DT Displacement Tonnage

DWT Dead Weight Tonnage

EQU Loss of equilibrium

FAT Fatigue failure

FLS Fatigue limit state

GEO Failure of the ground

GT Gross Tonnage

HYD Hydraulic heave/gradients

LAT Lowest astronomical tide

STR Failure of the structure

SLS Serviceability limit state

UPL Uplift/buoyancy

ULS Ultimate limit state

AASHTO American association of state highway and transportation officials
ADCP Acoustic doppler current profiler
AE Air-entrained

AGV Automated guided vehicle
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AIS Automatic identification system

AMeDAS | Automated meteorological data acquisition system
AP Standard-heiohit orin Aral RiverZ
ASCE American society of civil engineers

AUV Autonomous underwater vehicle

BDM Bayesian method

B.M. Bench mark

CADMAS-

SURF Super roller flume for computer aided design of maritime structure
CBR California Bearing Ratio

CCA Copper chromated arsenate

CDIT Coastal Development Institute of Technology
C.D.L. Chart datum level

CDM Cement deep mixing method

CERC US army coastal engineering research center
CFD Computational fluid dynamics

CFS Container freight station

CH Coupled hybrid

CLT Cross laminated timber

CN Carbon normalized

CcOD Chemical oxygen demand

CORS Continuously operating reference station

CPT Cone penetration test

CTD Conductivity temperature depth

Cu Consolidated and undrained

CWD Ultrasonic velocimeter-type wave gauge

DEM Discrete element method

D.L. Design level
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DO Dissolved oxygen
DOL Deviation of outlier
DS Double sounding survey
DSM Digital surface models
DT Displacement tonnage
DWT Deadweight tonnage

A computer program for DYNamic response analysis of level ground by
DYNEQ

EQuivalent linear method
ECDIS Electronic Chart Display and Information System
EMEP Extended maximum entropy principle
EPS Expanded Polystyrene
FCI Functional capacity index
FCL Full container load
FDEL Frequency-dependent equivalent linearized technique
FDM Finite difference method
FEM Finite Element Method
FGC Fly-Ash Gypsum Cement
FFT Fast fourier transfort
FLAC Fast Lagrangian Analysis of Contina
FLIP Finite Element Analysis Program for Liquefaction Process
FOAM Field operation and manipulation
FRP Fiber Reinforced Plastic
FWD Falling weight deflectometer
GL GL ground level
GNSS Global navigation satellite system
GNSS/IMU | Global navigation satellite system/ Internal measurement unit
GPS Global positioning system
GPV Grid point value
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G.S.B.M Geographical survey institute bench mark

GT Gross tonnage

HGM Hydrogeomorphic approach

HORF Hazaki oceanographical research facility
HRDB Hokkaido regional development bureau

H.W.L. Highest water level

H.W.O.S.T. | High water of ordinary spring tide

ICP Interactive closest point

ICT Information and communication technology
IPCC Intergovernmental panel on climate change
ISO International Organization for Standardization
JEAAS the Japan Emulsified Asphalt Association Standard
JGD Japanese geodetic datum

JGS Japanese Geotechnical Society

JH Japan Highway Public Corp

JIS the Japan Industrial Standards

JMA Japan management association

JMAAS Japan Modified Asphalt Association

JSCE Japan Society of Civil Engineers

JSMST Japan society for marine survey and technology
KoCUC Ko Consolidated-undrained triaxial compression
KoCUE Ko Consolidated-undrained triaxial extension
LCL Less than container load

LNG Liquefied Natural Gas

LO/LO Lift-on/Lift-off

LPG Liquefied Petroleum Gas

LRFD Load and resistance factor design

L.W.L. lowest water level
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L.W.O.S.T. | Low water of ordinary spring tides

MAFCO Maritime facility of cylindrical construction
MARS Multi-interface advection and reconstruction solver
MASCON | Mass-consistent

MCS Monte carlo simulation

MEM Maximum entropy method

MIR Minimum ratio of residual correlation coefficient
MKS Meter, kilogram, and second

M.L.W.L. Mean low water level

MPS Moving particle semi-implicit

MRI Meteorological research institute

M.S.L. Mean sea level

M.W.L. Mean water level

NC Normally consolidated

NEXCO Nippon Expressway Company Limited

NGO Non-governmental organization

N.H.H.W.L. | Nearly highest high H.W.L.

ocC Over consolidated

OCDI Overseas Coastal Area Development Institute of Japan
OCR Over consolidation ratio

O.D.L. Observation datum level

OHBC Overhead bridge crane

PARI the Port and Airport Research Institute

PC Prestressed concrete

PCB Polychlorinated biphenyl

PCC Pure Car Carriers

PDC Piezo drive cone

PGA Peak ground acceleration
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PHC Prestressed high strength concrete

PHRI the Port and Harbour Research Institute

POS Point of sale

PPP-AR Precise point positioning with ambiguity resolution
PRC Prestressed reinforced concrete

PS P and S waves

PSINSAR | Permanent scatterers in synthetic aperture radar
PSU Pennsylvania state university

PVC Polyvinyl chloride

REC Rejection of the candidate

RI-CPT Radio-isotope cone penetration test

RMG Rail mounted gantry crane

RO/RO Roll-on/Roll-off

ROV Remotely operated vehicle

RTG Rubber tired gantry crane

RTK Real time kinematic

RTK-

GNSS Real time kinematic- Global navigation satellite system
R.W.L. Residual water level

SALM Single anchor leg mooring

SAR Synthetic aperture radar

SAR-X X-band synthetic aperture radar

SBHS Steels for Bridge High Performance Structure
SBPR Steel bars for prestressed concrete

SC Cast Steel

S.C.E. Saturated calomel electrode

SCP Sand compaction pile

SD Standard deviations

SD Deformed Steel bars
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SDR Rerolled deformed steel bars

SF Forged steel

SGM Super geo-material

SHK H-shaped Steel Kui (H-shaped steel pile)
SKK Steel kokan Kui (Steel pipe pile)

SKY Steel Kokan Yaita (Steel pipe type sheet pile)
SMA Steel Marine Atmospheric

SMAC Seismic monitoring advisory committee
SMB Sverdrup- munk-bretschneider

SPGA Strong-motion pulse generation area
SPH Smoothed particle hydrodynamics
SPT-N Value N value of Standard Penetration Test
SR Round steel bars

SRC Steel-reinforced concrete

SRI Selective reduced integration

SRR Rerolled round steel bars

SS Structural steel

STD Salinity temperature depth

STK Steel Tube Kozo (structure)

SWAN Simulating waves nearshore

SWM Mild steel wire

SWRH Steel wire rod hard

SWRS Steel wire rod spring

SWPD Prestressed deformed steel wire

SWPR Prestressed round steel wire

SWOP Stereo wave observation project

SY Steel Yaita (sheet pile)

SYW Steel Yaita (sheet pile) wide type
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TEU Twenty-foot equivalent units
TIN Triangulated irregular network
TLP Tension leg platform

T.P. Tokyo Peil

TVG Time varied gain

UAV Unmanned aerial vehicle
UNEP United nations environment programme
usw Ultrasonic-type wave gauge
uu Unconsolidated and undrained
VLCC Very large crude carrier

VOF Volume of fluid method

VRS- Virtual reference station

WAM WAVve prediction Model

W/C Water-cement ratio

WG Working group

WGS World geodetic system

WFI Welded fabric intend

WFP Welded fabric plain

WFR Welded fabric rib

W.L. Water level

WRF Weather research and forecasting

5 The importance of the facilities

5.1 In the design calculation, the importance of the facilities is considered. The importance is
assessed based on the technical classification of the project, fire protection, environmental

protection, and socio-economic importance to the region or National.

5.2 The importance of the facilities is considered, evaluated and decided by the Investor and
Consultant.

6 Design life of seaport projects

6.1 The design life of a seaport project or construction component is determined based on the
construction class, sustainability and fire safety of that construction or construction component.
To determine the design life of each project or part of a seaport project, you can refer to the

experience of determining the design life of foreign standards (see Appendix B).
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6.2 When determining a long design life, it is necessary to pay attention to: the load acting on
the structure increases; It is necessary to choose materials with a longer life that are suitable
for the life of the project; It is necessary to develop a maintenance program consistent with

design life requirements.
6.3 The design life of a seaport project is considered, evaluated and decided by the Investor
and Consultant.

7 Design method according to component coefficients

7.1 Design principles

The durability and stability of seaport structures should be checked according to the following

limit states:

- EQU: static imbalance of the structure or any part of the structure that is considered a solid

object, then:

+ Small fluctuations in the value or spatial distribution of impacts from an independent source

will have large consequences and

+ The strength of construction materials or soil generally does not play a major role in

maintaining balance.

- STR: due to the excess strength of the building's construction materials, internal damage or

excessive deformation of the structure or structural parts occurs.

- GEO: failure due to excessive ground deformation when the strength of the soil or rock acts

as a significant resistance.
- FAT: fatigue damage of structures or structural parts.

The ultimate limit states UPL (due to uplift/buoyancy) and HYD (due to hydraulic

gradient/hydraulic heave) should also be checked where appropriate and necessary.

In testing according to limit states, it is necessary to ensure that no limit state exceeds the

corresponding design values of:
- Weight
- Material characteristics or product characteristics and

- Geometric data.

7.2 Design conditions
Documents on natural conditions and construction area conditions needed for design include:

- Topographical documents;
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- Hydrographic documents;

- Hydrometeorological documents;

- Biological documents;

- Geological and hydrogeological documents;

- Documents on earthquakes (considering earthquake levels according to zoning scope),

cascading, sliding, and subsidence phenomena in the construction area.
Documents on construction conditions must include:

- Construction ability of the construction unit;

- Ability to manufacture assembled components;

- Transportation capacity of the construction area;

- Ability to provide local construction materials.

7.2.1 Probability of design phenomena

The probability of a phenomenon occurring is characterized by the return period TR, which is
the period that (on average) separates two occurrences of that phenomenon with equal or
greater amplitude.

The design needs to evaluate and select the return period of the phenomena appropriate to
the structure being designed. When the consequences of the exceedance are very serious,
such as danger to humans or serious impact on exploitation, a design phenomenon with a long
return period (low probability of occurrence) must be chosen, and in cases when For non-
serious consequences, a phenomenon with a shorter return period may be accepted for design
purposes.

When the structure or structure is sensitive to a combination of more than two design
parameters/variables, for example when rising water levels cause greater wave effects to limit
depth in shallow water, then The design needs to consider the cases of independent and non-

independent probabilities.

NOTE 1: The relationship between design life, return period and the probability of an event being exceeded is given

in the following figure:
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Figure 1 - Relationship between design life, return period and probability of a

phenomenon exceeding the standard mean

Te=1/(1-(1-PAOO)™) ;)

in there:

TR is the return period of a specific extreme condition, in years;

P is the probability of a particular extreme condition during the design life of n years;
N is the design life, in years.

Generally the return period of the design phenomenon exceeds the design life. However, the
design phenomenon can be exceeded in any year of the return period by a higher amplitude

event (with smaller probability/longer return period).

NOTE 2: For a phenomenon with a 100-year return period, there is a 1% chance of occurring in any year, even in
the year following the previous occurrence, and about an 18% chance of occurring in the next year. 20 year cycle.
For a phenomenon with a TR return period, there will be a 63% probability of occurring within TR years. In this way
it is possible to establish an acceptable level of risk of the design phenomenon occurring within a given number of
years (design service life or maintenance interval chosen). For example, if it has been established that on a 20-year
period there is an accepted 10% probability of a phenomenon occurring that could lead to an interruption in the

operation of the facility, then according to Figure 1 the required return period is 200 year.

The degree of design redundancy in the structure should also be assessed in conjunction with a clear understanding

of the response and mode of failure that may occur.

NOTE 3: The consequences of a phenomenon occurring and exceeding are very different. Structures designed to
be “dynamically stable” such as rockfall breakwaters tend to suffer gradual failure. In contrast, structures that have
been designed to be “statically stable,” such as vertical wharf walls, can suffer much more severe damage when

design conditions are exceeded.

NOTE 4 Some types of structures are suitable for the application of a response-based approach, where the
response of the structure or element is assessed based on the full range of expected environmental impacts, under
statistical or time series format. In this way, the probability of a given response can be evaluated without simplifying

the treatment (and description in probabilistic terms) of the input parameters that determine the actions.
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7.2.2 Analysis of independent extreme values

A widely adopted approach to estimating design event values (e.g. for wave height or water
level) with long return periods/low probability of occurrence involves performing an analysis
independent extreme value. The basis of such analyzes is to specify a probability density
function for the peak events in the existing data set to statistically extrapolate the extreme

events.

The designer must have a sufficient understanding of the approach to be adopted and any
inherent assumptions or limitations in the results (e.g., representative of what may be a
relatively long-lasting storm event). According to statistics, the peak value in a short time is

drawn).

The designer should choose an appropriate probability density function to provide a good fit to
the data. Confidence intervals for extrapolation of values need to be determined and the design

must take into account sensitivity to the range of extrapolated values.

Designers should also consider the impact of climate change on extreme events throughout

the design life of the structure.

NOTE 1 Further guidance regarding extreme value analysis, probability density functions and joint probabilities of
wave and water level conditions is given in CIRIA publication C683 [2]. Information regarding the probability density
function for applying independent analyzes is given in Appendix C.

NOTE 2 In the case of wave height estimation, in most cases it is more appropriate to perform the analysis of
extreme values using offshore data sets due to the differences introduced into the population. wave body through
the wave transformation process near the shore.

Additionally, depending on the wave characteristics at the location of interest, it is likely necessary to separate the
wave data into directional parts, which are then processed separately to fit a probability density function. That said,
each case needs to be assessed on its own merits and an appropriate course of action determined by an
appropriately qualified and experienced professional.

7.2.3 Design method according to limit states with component coefficients

The design value Fd of the load F is calculated as follows:
Fa=vr. Frep (2)
Fep=W.Fc (3)
in there:
Fkis the typical value of the load;

Frep. is the representative value of the load;

Y is the component factor of the load considering the unfavorable deviation of the design value

compared to the representative value of the load;
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Y is the combination coefficient, with values of 1.0 or W0 , W1 or ¥2;
W =1 is the combination coefficient of permanent load;

W, is the combined value coefficient of the temporary load;

W, is the short-term value coefficient of the temporary load;

Y, is the long-term value coefficient of the temporary load.

Design influence value of load Eg:
Ed = vsa E {vi Freps; ad} i1 )

in there:

aq is the design value of the geometric data (See Appendix A: Geometric data);
Ysd is the component factor that takes into account inaccuracies in:

- Modeling the effects of loads;

- Load modeling (in some cases)

When it is necessary to distinguish between the adverse and beneficial effects of permanent loads, it is necessary
to use two different component coefficients yG,inf and yG,sup.

7.2.4 Wave conditions and water level

When determining typical wave conditions and water levels for planning and design of seaport

projects, the following issues should be evaluated:

- When designing structures such as breakwaters, sea dikes, wharf walls or raised
berths/pillars, wave loads (e.g. impact, wave roll or heave) or hydraulic reactions (e.g. such as
wave creep, wave overtopping or wave propagation) should be taken for extreme (low

probability) wave and water level conditions at or near the base of the structure.

- When calculating loads on piles (single or row of piles) or other relatively thin structural parts,
it is necessary to consider the wave spectrum or wave statistics (taking into account the range

of wave frequency and load). fatigue).

- In cases where large ships need to anchor at relatively empty locations along the shore or
inside a port tank, it is necessary to evaluate the possibility of long waves occurring at that
location.

NOTE 1: Due to long period wave actions associated with groups of waves, for example when a series of high
waves followed by a series of low waves usually causes the largest anchor loads.

- When wave conditions and water levels are used for beach design or design correction works, it is necessary to
obtain long-term wave statistics or time-series data (seasonal, including annual and seasonal). decades) as well as
information on short-term storm events.

- In all design cases it is necessary to consider the frequency (and direction) distribution of the wave energy
spectrum, as longer period waves (surges) often have greater energy (and/or come from one direction). other)
compared to the shorter period higher waves in the wave spectrum.

NOTE 2: Complex (multiple types) or multidirectional sea states can have more severe consequences for some
design cases, e.g. loads due to ship displacement and anchoring, wave creep /wave overtopping/wave propagation
or shore response (or dynamic structure).
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- In many cases, incident wave conditions are often influenced by wave-structure interactions (e.g. reflection or
diffraction) and the design needs to consider the extent to which the method of obtaining wave conditions and/or
design methodology considers or represents such influences.

- For certain design applications that are based on empirical relationships (usually sea dikes or breakwaters), it is
necessary to calculate non-harmonic wave conditions based on statistical or spectral parameters such as height,
period and direction, but assessment of the waveform (e.g. unbroken wave, tumbling wave, surge wave) is important
to better understand the potential or structural response that may occur.

NOTE 3: Some types of structures are suitable for adopting a response-based approach where the response of the
structure (or component) is assessed over the entire range of expected environmental loads (or types). statistics or
time series). Accordingly, the probability of a given response can be directly evaluated (and described in terms of
probability) given the input parameters that define the load.

7.3 Construction and maintenance

Construction method: To obtain a reasonable design, it is very important to fully consider the

construction methods.

Construction accuracy: The design of seaport projects must consider the actual construction

accuracy achieved.

Construction time: In cases where a construction deadline has been set, it is necessary to
consider both the design and construction method to complete the entire project within the set

time limit.

Construction time generally depends on the difficulty of procuring materials, construction

equipment, difficulty of construction work, completion date, natural conditions, etc.

Construction costs: Construction costs include initial investment costs and maintenance costs.
The design of port facilities needs to consider all of these issues. Initial investment costs

include indirect costs such as compensation costs.

During design, attention should be paid to ensuring the project is easy to construct, convenient
to use, and has an appropriate maintenance program to ensure the design life of the project is

maintained in the most economical way.

8 General regulations according to the Design Method according to resistance

coefficient and load coefficient (according to OCDI 2020)
8.1 General principles

8.1.1 Performance - based design

Figure 2 shows the Performance hierarchy and Performance verification of a basic format of
Performance - based design of seaport facilities. In this figure, “target” is the reason why the
work in question is necessary, “Performance requirement” is the Performance of the work
needed to achieve the target clearly explained from the perspective of responsibility

justification, and “performance criteria” are techniques for explaining a set of rules necessary
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to verify performance requirements. " Performance verification" is the work to verify that the

Performance criteria are met.

Objective

Performance
requirements

[tems to be conformed

Pefformance hierarchy

Performance criteria

Verification

Arbitrary Commentary
- Performance verification Book hierarchy

Figure 2 - Location of the Performance Hierarchy and Performance Verification

8.2 Design method according to coefficient of resistance and load factor
8.2.1 General

Performance criteria are the specifications of verifications needed to satisfy performance
requirements from a technical viewpoint. Meeting the performance criteria given here is hence

considered as meeting the performance requirements.

Performance verification using the the load factor and resistance method is a method to verify
the performance of structures by confirming the ratio of design value of the response value
(stress, cross-sectional force, total action value, displacement, etc.) which occurs due to
actions made to the structure and design value of the limit value (yield strength, cross-sectional
strength, total resistance value, allowable displacement, etc.) based on the resistance
(strength) of the structure (hereinafter called “Ratio of Strength against Action”) multiplied by

the structure factor and the adjustment factor is 1.0 or less, as shown in the above equation.
8.2.2 Performance Verification Equation
(1) General

Generally, performance verification using the load factor and resistance method can be

conducted by utilizing equations (5) to (8).
S
mx [}/} —£1<1.0
R

S(x :f-(yS‘Slk""vys”Snk):f(ys,Slk(xlk ---xpkv)7---’yS”Snf(('xlf( -..x[)f()) (6)

R, = g(J’R,Rm >’ "’}’R,,,Rm/. )= g(?’R,le (% - "x,;k,)”"s ?’R,,,Rmk (% X ) (7)
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Here,
Sq: design value of impact value
Rq: design value of limit value

yi: factor that takes into account the criticality of the structure, social impact when reaching the
limit state, etc. (structural element). Unless otherwise specified, yi = 1.0 and is not shown in
this method.

m: adjustment coefficient

Sik: typical value of impact j (j = 1..n)

ysi: partial coefficient multiplied by the characteristic value Sj of impact |

S; (): equation to calculate the characteristic value Sy of impact j

Ri: typical value of resistance (intensity) j (j = 1..m)

Yr;: partial coefficient multiplied by the characteristic value Rj of the resistance (intensity) j
R; (): equation to calculate the characteristic value Rj of resistance (intensity) j

xik: typical value of design coefficient xj (j = 1..p)

(2) Component factor

The component factor in this method is a value calculated using statistical analysis or a reliable
method as a multiplication factor by the characteristic value of the impact or resistance
(including the characteristic value of the impact or resistance) to ensure the target performance
of the target structures. Component factor calculated by statistical analysis means factors
calculated with calibration using reliability analysis. Unless otherwise stated, the relevant
component factor indicates that it has been calculated by statistical analysis if the values of
the component factor (ys;j, Yr;) in expressions (5) and (6) is not 1.0 in this standard. In this case,
although in principle the correction factor mentioned in (3) below is not needed, performance
verification can be carried out using a correction factor of 1.0 for convenience based on on

expression (4).
(3) Correction coefficient

“‘Methods based on past experience” (proven methods with many examples of past
applications, such as factor of safety method, allowable stress method are used as in the past)
can also be considered a reliable method. In this case, verification can be done using a
correction factor by setting all individual coefficients to 1.0 for convenience in verifying that it
is different from verifying by Use partial coefficients calculated by statistical analysis. The

adjustment factor is the adjustment factor to have a structural cross-section equivalent to the
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safety level specified in the "Method based on past experience" and corresponding to the
allowable safety factor of the system method. available safety number or allowable stress
method. The correction factor corresponds to what was dealt with in the structural analysis

element in previous standards (OCDI 2009) and their commentaries.

8.3 Probability of design phenomena
8.3.1 Annual exceedance probability and return period

“‘Annual Exceedance Probability” means the probability that an event of hypothetical
magnitude or greater occurs once or more in a year. “Return period” means the average
interval (in years) between events occurring of a certain magnitude or greater and is expressed

as the inverse of the annual probability of exceedance .
8.3.2 Probability of encounter

“Probability of encounter” means the probability that the relevant facility will encounter an event
greater than the corresponding event within a given return period during its design life. The

probability of encounter can be obtained using the following formula:

E =1-(1-Y7;)" @)

here,
E+: probability of encounter
L+: design life (years)

T4: return period (years)

8.4 Impacts and design cases
8.4.1 Classification of impacts

Impacts are classified into permanent impacts, temporary impacts and variable impacts mainly
according to the scale of change over time and the social risks that need to be addressed.
Table 8.1 presents examples of classified overriding effects to be considered in verifying the

performance of seaport facilities.

(DPermanent impacts: Impacts are assumed to apply continuously on structures throughout

their design service life. Their temporal variations are smaller than the mean value or tend to
increase or decrease monotonically and continuously over their design life until the variance

reaches a certain limiting value.
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@ Variable impacts: Impacts whose fluctuations in their design life are multidirectional and

insignificant compared to the average value. Their characteristic values are given

probabilistically.

@ Incident impacts: Impacts that are difficult to predict in terms of probability or impacts whose
annual probability of being exceeded is smaller than variable impacts, but which cannot be
ignored socially because of their unique value. Their characteristics are extremely large.

Table 3 - Classification of dominant impacts

Impacts

Permanent impacts | Self-weight, soil pressure, environmental impacts such as thermal
stress, corrosion, freezing and thawing, etc.

Vaiable impacts Waves, wind, water level (tide), loading of goods or vehicles,
impact due to ship docking/mooring, ground movement due to
level 1 earthquake

Incident Impacts Collision with ships or other objects except when docking, fire,
tsunami, ground movement due to level 2 earthquake, incident
wave,...

Verification of the performance of structures must appropriately take into account impacts on
related structures. The return period of the impacts considered during performance verification
shall be appropriately established based on the characteristics of the individual impacts,
structural significance and design life. When constructing works, impacts on related works and
related temporary structures will be appropriately regulated during the construction phase
when considering construction methods and effects when structural stability is lost during

construction, etc.
8.4.2 Dominent Impacts and Secondary Impacts

When considering combinations of impacts, they are often classified into dominant impacts
and secondary impacts. In cases where the probability of simultaneous occurrence of the
dominant and secondary effects is low, the characteristic values of the secondary impacts may
be those that frequently occur during the design life with probability annual excess is relatively
high. It is not reasonable to set all characteristic values of impacts with a low probability of
concurrent occurrence at values with a low annual probability of exceedance and combine

them.
The general principle of the combination of such impacts is called “Turkstra's Rule”.

Verification of the performance of buildings may find several cases where the dominantimpacts
are different within a design case. Therefore, this part of the standard states “oodesign case
for oo (excessive) impacts” to clarify the excess effects. For example, "transient design case

involving waves" is used if the dominant action is a transient wave.

When it comes to considering a combination of correlated impacts, Turkstra's rule does not

always apply. For example, in the case of offshore wind power projects, wave action and wind
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action are the dominant and highly correlated impacts. Therefore, applying Turkstra's rule can
be dangerous considering the high probability of concurrency. On the other hand, combining

both local maxima can become a case of overdesign.

In this case, it is possible to set the characteristic value of the influence of the impacts to the
condition where the total combined value is sufficient and the likelihood of the combined

conditions occurring is highest.

8.4.3 Design case

When performing performance verification, the "Design Case", meaning the combination of
impacts to be taken into account during the verification process, needs to be established.
Design Cases are classified into three types: Permanent Cases, Temporary Cases (where the
temporary impacts are dominating the impacts) and Incident Cases (where the incident
impacts are dominant impacts).

The design cases are determined as follows:

(DPermanent design case: A case where Permanent impacts are dominant impacts.
(2)Temporary design case: A Case in which the temporary impacts are the dominant impacts.
(®Incident design case: A case where the incident impacts are dominant impacts.

8.5 Performance Requirements

8.5.1 Locating Performance Requirements in the Standard

“Performance Requirements” means the Necessary Performance that the relevant facility must
have to achieve its objectives and are the basis of the Performance criteria of the related
facility. taking into account their importance and the surrounding circumstances.

8.5.2 Classification of performance requirements in the Standard

(1) Basic principles

Figure 3 gives a taxonomy of Performance requirements. Performance requirements are
classified into performance requirements specified by the facilities (see sections (2) and (4)
below) and performance requirements common to all facilities. (see item (5) below).
Performance requirements are classified into Performance related to the structural response
of the building (usability, resilience, safety) and Performance related to the technical
parameters of the structure (usability). Performance requirements common to all buildings are

classified into constructability, maintainability, etc.
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Figure 3 - Classification of Performance Requirements

(2) Performance Related to the Structural Response of Facilities (Servicea-bility,
Restorability, Safety) Performance for the structural response of a facility is classified into:
serviceability, @restorability and (3 safety according to the allowable de-gree of damage and
is defined as follows. The order of the allowable degree of damage is: @safety > @restorability

> (Dserviceability.

D Serviceability: The capability to use facilities without issues occurring. No damage occurs

from the expected actions or damage remains at a level in which the required functions can be

quickly and fully restored with only mi-nor repairs.

@ Restorability: The capability to continuously use facilities by making re-pairs within a

technically possible and economically feasible range. Damage resulting from the expected
actions remains at a level in which the required functions can be restored with minor repairs in

a short period of time.

@ Safety: The capability to ensure the safety of human lives, etc. Damage resulting from the

expected actions does not become fatal to the facilities and remains at a level that does not

put the safety of human lives in jeop-ardy, etc. even if a certain level of damage occurs.

The fundamental idea of performance requirements related to structural re-sponses for

facilities subject to the Technical Standards is as follows.

(D For permanent and variable actions (with an annual exceedance proba-bility of about 0,01

or more), the basic requirement is serviceability. It can be assumed that ensuring serviceability

also ensures restorability and safety against permanent and variable actions.

@ For accidental actions (with an annual exceedance probability of about 0,01 or less),
performance either of serviceability, restorability or safety may be selected according to the
expected functions and significance of the fa-cilities. Except for high earthquake-resistance
facilities and facilities pre-pared for accidental incidents, performance against accidental

actions is essentially not required. It does not, however, deny the necessity of verifica-tion
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against accidental actions judged by the persons or organizations re-sponsible for

performance verification among facility owners, etc.

In the above, the threshold of 0,01 for the annual exceedance probability discriminating
permanent actions and variable actions from accidental ac-tions is determined just for
convenience and serves as a guide when the design service life is in the standard range

(approximately 50 years).

Fig. 4 shows the performance requirements related to the structural re-sponse of facilities
subject to the Technical Standards. The vertical and hor-izontal axes of Fig. 4 show the annual
exceedance probability of action and the degree of damage, respectively. The curve in the

figure shows the performance of the facilities.

Severe damage to facilities caused by variable or permanent actions with a relatively high
annual exceedance probability is not acceptable. On the oth-er hand, since avoiding facilities
from any damage by accidental actions with a very low annual exceedance probability is
economically unreasona-ble, a small amount of damage to facilities caused by accidental
actions is acceptable. For example, when designing a facility having a function of transporting
emergency supply materials immediately after a large earth-quake, it is required to set its
degree of damage caused by accidental ac-tions to minor, as shown by facility A in the figure
(ensuring serviceability). When designing a facility that ensures a minimum function against
acci-dental actions, it may be necessary to set an allowable degree of damage at a large value
and consider making sure that the facility, such as facility B, does not suffer fatal damage

(ensuring safety).
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Figure 4 - Conceptual Diagram of the Relationship Between Design Situa-tions and

Performance Requirements
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(4) Performance Requirements for Structural Specifications (Usability)

The Technical Standards specify usability as performance requirements for structural
specifications, etc.

“Usability” means the capability that facilities shall have from the stand-point of the service and
convenience of the facilities. Specifically, it means that the facilities are appropriately arranged,
that the structural specifica-tions (length, width, water depth, crest elevation, clearance limits,
etc.) and harbor calmness, etc., satisfy the required values, and that they have the required
ancillary facilities as appropriate.

(5) Performance Requirements for the Construction and Maintenance of Facilities
(Constructability, Maintenanceability)

In the Ministerial Ordinance, performance requirements for structural re-sponses shown in (2)
and (4), and for structural specifications, etc., are specified by facility. However, performance
requirements for constructability and maintenanceability shown below are inclusively specified
as common to all facilities.

(D Constructability

“Constructability” means the capability to perform construction by utilizing reliable and
appropriate methods and ensuring safety of the works for a reasonable construction period.
Constructability can be considered to be satisfied by complying with the construction notice.
(2) Maintenanceability

“Maintenanceability” means the capability to continuously ensure the re-quired performance
for the facilities by repairing and reinforcing, etc., the deterioration and damage of facilities due
to use and expected actions with-in a technically possible and economically feasible range.
Maintenanceabil-ity can be considered to be satisfied by complying with the maintenance no-
tice.

8.6. Fundamental Items in Design

8.6.1 General

Items to be generally considered in designing facilities subject to the Technical Standards are
listed below. Structural cross-sections, used materials and other items thought to be most
appropriate as a whole are determined by properly setting and taking into consideration these
conditions so that the performance requirements for the target facilities are continually met
throughout the design service life. These items should carefully be set as they influence each
other.

Table 8.1 shows a list of general design conditions necessary for the design of typical port
facilities (breakwaters, revetments and mooring facilities).

(1) Purpose of Installation of Facilities

(2) Design Service Life

(3) Performance Requirements

(4) Performance Criteria

(5) Performance Verification Method

(6) Planning Conditions

(7) Usage Conditions

(8) Natural Environmental Conditions

(9) Material Conditions

(10) Construction Conditions

(11) Maintenance Conditions

(12) Consideration for Events Exceeding Design Conditions
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(13) Consideration for Environment
(14) Economic Efficiency

CHU THICH: o: bat budc nhuw diéu kién thiét ké; A: c6 thé duoc yéu cdu nhw mét diéu kién thiét ké; —: khéng bét

budc nhw diéu kién thiét ké

Table 3 - List of General Design Conditions Necessary for the Design of Typical Port

Facilities (Breakwaters, Revetments and Mooring Facilities)

Protective facilities for i
harbor f;?{;;’g Remarks
Breakwaters | Revetments
Planning conditions
(1) Purpose of facilities O @) O
(2) Performance requirements O @] @]
Usage conditions
(1)  Performance criteria O @] O
(2) Project process O @] O
(3) Design service life Q O O
(4) Extension of planning O @) O
(5) Planning crown height O O O
(6) Planning depth, design water O o) 0
depth
(7) Datum level O O O TP,AP,.YP, et
(8) Width and gradient of the apron - - O
(9) Design ship - - O
(10) Berthing condition of the design _ _ o
ship
(11) Tractive force - - O
(12) Dead weight FaAY O O Cargo handling equipment
Amenity-oriented functions, consideration
(13) Other A A o for safe navigation of small crafts, etc.
Natural environmental conditions
(1) Tide level conditions O @] O Abnormal tide level
(2) Residual water level conditions - @] O
(3) Wave conditions O @] PN
(4) Ground conditions O @] @
(5) Earthquake conditions O O O
(6) Tsunami conditions Ja A PN
(7) Other A A A Wind, air temperature, flow of sea water,
snowfall, mist, etc.
Material conditions
New materials, new members, procurement
(1) Used materials O @] O conditions (carry-in route, supply quantity),
reuse of members, etc
(2) Corms:lun control conditions, o o o
corrosion rate
(3) Other A AN PN Friction coefficient, etc
Construction conditions, etc.
(1) Coordinate O Q O
Structure fabrication conditions, constraints
from neighboring facilities (navigation
(2) Construction conditions O @] O channels, mooring facilities, airports,
bridges, overhead wires, submarine cables,
etc.), hazardous cargo, etc
Construction period, construction working
(3) Other O O O rate, construction method, working ship
machines, construction accuracy, etc.
Maintenance conditions
N . I Inspection facilities, measurement
(1) Inspection and diagnosis plans O O @] instruments, etc.
(2) Other FAY JAN JAY Usage conditions
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Protective facilities for :
harbor l\gaof‘)lr’lng Remarks
Breakwaters | Revetments S
Consideration for environment
Structures for cohabitation with living
(1) Consideration for environment a a & ?:rlli?deration for water quality, landscape,
sediment, air quality, etc.
Consideration for improvement design
() oos ofmprovmen 0 | 0 [ o [t e o

(Legend) o: required as a design condition; A: may be required as a design condition; —: not required as a

design condition

8.6.2 Purpose of Installation of Facilities
(1) Fundamentals

For fundamentals of the purpose of installation of facilities subject to the Technical Standards,

refer to Part |, Chapter 1, 3.1 Purpose of Facilities Subject to the Technical Standards.
(2) Consideration

The technical standards specify the purpose of installation of facilities as the minimum role the
facilities concerned should serve, but new roles can be added as long as they do not interfere
with the original role of the facilities. However, when new roles are added, since they affect a
range of items to be set, such as significance, design service life and performance
requirements of the facilities, the purpose of installation needs to be properly set by carefully

considering its impact.
8.6.3 Design Service Life
8.6.3.1 Fundamentals

For fundamentals of the design service life of facilities subject to the Technical Standards, refer
to Part |, Chapter 1, 3.2 Design Service Life.

(2) Consideration

The design service life of port facilities is “the period to be properly set in the design stage of
facilities as the period during which the facilities concerned continue to meet their performance
requirements.” This design service life is generally set using comprehensive judgement by
considering the purpose of installation and significance of the facilities concerned, usage
conditions such as the relationship with the surrounding usage conditions (e.g., other facilities),
and how the length of the set design service life affects the selection of materials considering
the setting of actions and environmental actions, construction cost and other factors. The
service life is judged in the design stage to be able to surely maintain the functions and
performance required during the facility’s design service life if the originally set maintenance

policy is complied with.
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8.6.3.2 It is desirable to properly set the design service life by considering the various types

defined below.

(D Physical working period . Physical working period refers to the number of years after which

facilities will not be able to maintain the required performance because of actions such as

corrosion and weathering to members and materials composing the facilities.

@ Functional working period . Functional working period refers to the number of years after

which facilities will not be used because of issues regarding their function such as insufficient

water depth at basins due to increases in ship size.

(3 Economical working period. Economical working period refers to the number of years after

which the facilities concerned will lose out economically to other facilities unless improvements

are made.

@ Working period from the viewpoint of social programs. This refers to the number of years

after which new plans will replace originally targeted functions or other functions will be

demanded.
8.6.3.3 Examples of Standard Design Service Life Setting

(D Example in 1ISO2394 (1998)

The classification of design service life concept defined in ISO 2394 (1998)10) shown in Table

8.2 may be referred to when setting the design service life.
Table 4
(4) Relationship between Setting the Action Characteristic Value and Design Service Life

When the design service life is set to be much longer than the standard period, a greater action
is usually adopted as a characteristic value by setting a return period necessary for calculating
an action characteristic value longer than the standard (the annual exceedance probability
becomes smaller). In this case, an action return period is often set so that the probability of
encountering (encounter probability) an action greater than a set action becomes the same as

that of the standard design during the design service life of the facilities.

On the other hand, it is undesirable from the viewpoint of the public interest to set a design
service life significantly shorter than the standard life, and correspondingly, an action return
period shorter than the standard period (annual exceedance probability becomes greater), in
addition to adopting a smaller action as a characteristic value, and should be avoided. For
example, when breakwater or mooring facilities that support logistics at a port collapse in a
minor earthquake with less than level 1 earthquake ground motion, the logistics at the entire
port will decline significantly and the economic activities around the port will be largely affected

even if the collapsed facilities are just a part of the entire port.
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8.6.4 Performance Requirements, Performance Criteria, and Performance Verification
Methods

(1) Fundamentals. For fundamentals regarding performance requirements, performance

criteria and performance verification methods of facilities subject to following matters
(2) Consideration .

(D Setting of performance requirements, performance criteria and performance verification
methods Designing in the performance design system requires setting performance
requirements, indices of performance criteria to make specific verifications based on the
performance requirements, their limit values, and methods for verifying the indices. That is,
what level of function and performance should be ensured when target facilities encounter
actions by estimating how long they will be used, what kind and size of actions will be
encountered in what combinations, and at what frequency during that period. Moreover, it
should be determined how significant the influence of damage to the target facilities will be to
the surroundings and to what degree the influence will be suppressed, in addition to the proper
index and its limit value to verify if the required performance is ensured, and what verification
method will be adequate. Furthermore, even during the construction process, it is required to
properly establish how the same items as above should be assessed with consideration for
maintaining harmony between economic efficiency, environment and landscape and under

time constraints (construction period) until the start of the working life.
@ Design focused on “performance”

This book introduces the setting of actions under standard design conditions, the content of
performance criteria, standard performance verification methods and limit values targeting port
structures in Japan. However, the framework of performance design places considerable
significance on the comprehensive assessment as stated in (D through constant research,
even with existing structural types and design methods. In other words, it is always required to
check the following items as example: 1) whether assumed design situations in past are really
sufficient, 2) whether an index of the performance criteria is really appropriate, and 3) whether
a more appropriate method, such as switching from the safety factor method to the
reliabilitybased design method, can be introduced so that the limit state is confirmed when
verifying indices. In particular, the aforementioned careful research will be necessary when
introducing new construction methods, structural types, materials and so on because no
existing standards or manuals can be followed. The framework of performance design also
has a role in preventing oversights because an action that causes no issues with previous
structural types can have a substantial impact on a new structural type in unexpected ways. In
regard to performance requirements, it is desirable to confirm if new performance needs to be

added or set according to the purpose of the facilities concerned, social situation or other
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factors in the design stage. For example, as part of efforts toward creating a sustainable
society, it is also possible to introduce a framework to set performance requirements to
suppress the impact on the environment in construction work and to quantitatively verify the

amount of CO2 emission as performance criteria.
8.6.5 Planning conditions and conditions of use
(1) Fundamentals

Usage conditions during the design service life, which is a premise of design, for facilities
subject to the Technical Standards need to be properly set in the design stage. Planning and
usage conditions have to be fully set based on the principle of the plan concerned and by
complying with higher-level statutory plans such as port planning.

(2) Items to Be Set in Planning Conditions and Usage Conditions . Major planning and

usage conditions to be set in the design stage are as follows:

D Layout of facilities (extension of planning, facility crown height, alignment, etc.)

@ Dimensions of facilities (planning depth, design water depth, apron width and its gradient,

etc.)

@ Items concerning the design ship (hull form, berthing velocity, tractive force, use of smaller

ships, etc.)

@ Items concerning the cargo handling equipment (types of machines, weight, wheel load,

driving route, etc.)

(® Items concerning dead weight other than the cargo handling equipment (types of live load,

show load, live load of automobiles and other vehicles, etc.)

©® Items concerning safety measures for cargo handling operation, etc.
(@ Items concerning port security measures (revised SOLAS Treaty, etc.)
Items concerning use by many and unspecified users (barrier-free, etc.)

@ Items concerning use of periphery facilities (unified operation with neighboring berth, entry

of cargo handling equipment to neighboring berths, etc.)
Other

8.6.5 Natural Environmental Conditions
(1) Fundamentals

Natural environmental conditions as premises for design need to be properly set in designing
facilities subject to the Technical Standards. Refer to each Chapter in Part Il for specifics

regarding the setting of methods of natural environmental conditions.
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When setting natural environmental conditions, it is necessary to be sure to extract the
conditions which significantly influence design such as the layout and configuration of the
facilities, decisions on basic crosssections, used materials and other components, and setting
of maintenance policy, and to carefully set their conditions. In particular, it is desirable to
analyze the history of disasters and characteristics of deterioration events of similar structures
adjacent to the target facilities (including similar structures not only near the target facilities,
but those under similar conditions throughout the country), as well as issues with using
facilities, as much as possible and to have the results be reflected in the natural environmental

conditions to be newly set.

(2) Items to Be Set in Natural Environmental Conditions

Major natural environmental conditions to be set in the design stage are as follows:
@ Wind

@ Tide level

(@ Residual water level (water level in the hinterland ground of mooring facilities, etc.)
@ Ocean waves (including ship waves)

® Water flow

® Ground condition (including topography on land and underwater)

(@ Earthquakes

Tsunamis

© Sea water quality

Other (precipitation, mist, snowfall, sea ice, air temperature, humidity, water temperature,

seismic crustal movement, rise in sea level, etc.)
8.6.7 Material Conditions and Construction Conditions
(1) Fundamentals

Material conditions and construction conditions as premises for design need to be properly set
in designing facilities subject to the Technical Standards. Refer to each Chapter in Part Il, for
specifics regarding the setting of methods for material conditions and to Part I, Chapter 2, 3
Construction of Facilities Subject to the Technical Standards for the construction of facilities

subject to the Technical Standards.

(2) Consideration for the Setting of Material Conditions
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@ Influence on construction cost and period . Port structures are generally large in size and
often have hard off-shore construction conditions and procurement conditions for the materials
themselves. Thus, the selection of materials in design may significantly influence the
construction period and cost of the target facilities. To avoid the above situation available
materials in the design stage need to be carefully selected by understanding the latest trends
regarding difficulties in procuring materials in the vicinity of the target facilities and other trends.

@ Adoption of items such as new materials and new members

The premise for the adoption of new materials and members is that the quality needed in
design is ensured in addition to a stable supply. For this purpose, the construction method,
specific method for quality management, decision criteria for inspections and other tasks need
to be considered at the same time during the design stage. Similarly, expected deterioration
events in newly adopted materials, members and other components, inspection and diagnosis
methods, repair and replacement methods and other tasks need to be considered in the design

stage for the maintenance stage.
(@ Consideration for durability

The durability of materials has to be considered when making designs. For what factors need
to be considered, refer to Part |, Chapter 2, 2.2.3 Consideration for Maintenance in the Design
Stage (2) @ Consideration for Durability. In order to confirm the durability of materials to be
considered in the design stage, it is necessary to properly set the conditions for the
confirmation of durability of materials such as the deterioration condition of materials and
corrosion rate of steel materials, then assess whether the materials concerned can be used in

the facilities subject to design.
@ Use of precast or normalized and standardized members

The use of precast or normalized and standardized members may result in a shorter
construction period, an improvement in construction safety and quality, and a reduction in the
total construction cost. Thus, it is desirable to research usage result and applicability to the
facilities subject to design of the precast members and properly set available alternatives for

members in the design stage.
(3) Consideration for the Setting of Construction Conditions

(D Construction period

The construction period often has a significant influence on the determination of fundamental
cross-sections, used materials and other components, and on an increase or decrease of the
project cost. Consequently, for construction periods requested from higher-level plans, site
conditions need to be closely investigated and checked to confirm if the requested period is

reasonable.
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@ Other construction conditions

A variety of restrictions described below, in addition to the construction period shown in D,

need to be properly set as construction conditions in the design stage.

Port facilities are subject to a number of restrictions regarding construction because they are
often built at sea. That is, a strong influence from ocean waves, tides and tidal currents, in
addition to rain, wind and air temperature, leads to a restriction in work hours. Construction
time may also be restricted by wind waves in winter as well as farming and egg-laying seasons
at sea. Special ships and machines for offshore operation such as crane ships and dredgers
must be used in comparison with onshore operation. Underwater operation often involved in
subsea work restricts construction abilities according to how well the materials, equipment,
staff and so on are secured for carrying out this specialized work. Similarly, onshore fabrication
facilities such as caisson yards and block yards, and the availability of earth and land disposal
fields, and how well they are secured, may restrict the selection of structural types. Seawater
pollution due to construction may also become a big issue, so consideration for fishery

operators and the surrounding environment during the construction period needs to be made.

(@ Coordinate system and datum level

A coordinate system and a datum level of altitude must be set in the design stage. In principle,
the coordinate system and the location applied in the construction stage are the coordinate
system and datum level applied in the design stage. Refer to Part |, Chapter 1 [Interpretation]
(8) Datum Level for Port Administration for the datum level. When designing a new facility
adjacent to existing ones, it may be possible that coordinate values on the drawings of existing
facilities have been altered due to earthquakes or other causes. In this case, it is needed to
adequately transfer the information to the construction stage since the coordinate value must

be updated between the completion of the design and the start of construction work.

8.6.8 Maintenance Conditions

(1) Fundamentals

Maintenance conditions as premises for design need to be properly set in designing facilities
subject to the Technical Standards. Refer to “2.1.4 Fundamental Concept of Maintenance” in
this Chapter for fundamentals regarding maintenance level setting.

(2) Consideration for the Setting of Maintenance Conditions

(O Work conditions for maintenance. Work conditions for maintenance such as whether
facilities may be totally suspended and how long working hours may be secured may
significantly influence the determination of structural types, used materials and other

components when members are changed, repaired or reinforced in the maintenance stage.
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Thus, it is desirable to clarify the work conditions for maintenance as much as possible when
making a design.

@ Consideration for inspection and diagnosis . Whichever structure and material is adopted,
the original performance may be degraded over time and lead to damage and other issues.
Thus, it is desirable to have a structure that makes it possible to easily inspect and diagnose
the areas which are structurally important or may significantly influence third parties, among
others. Part |, Chapter 2, 2.2.3 Example of Consideration for Maintenance in the Design Stage
(OCDI 2020) may be referred to for examples of consideration for conducting an inspection
and diagnosis.

(@ Consideration for changes in responsible entities. When developing port facilities in Japan,
the responsible entities may change at each project stage from planning to maintenance. In
particular, when a government directly develops the facilities, the government is the
responsible entity for the design and construction and will develop the maintenance plan as
national facilities. Once the facilities are completed, management is usually commissioned by
the government to port management bodies, who will then become the responsible entity for
inspection, diagnosis and other tasks (Fig. 5). If the responsible entities in the design and
maintenance stages differ, it is desirable to confirm items in the design stage such as the
system and budget for inspection, diagnosis and other activities conducted by the responsible

entities in the maintenance stage, and to make sure that the facilities are properly maintained.

Port management
body
Port manager Govemnment Government  Government Government Port manager  (or Government)

ats . : Commission
Port pl Budget ; i Fa‘-lhly Construction Maintenance f Management .
ort plan redtiest Discussion desivn (Work) plan 0 (Inspections, etc.) Repair
q {Govermment to port g management
body) (Government to port

management body)
Government

_______

Figure 5 - Example of Changes in Responsible Entities of Port Facilities Directly

Developed by the Government
8.6.9 Consideration for Events Exceeding Design Conditions
(1) Fundamentals

Performance verification is a process conducted under set conditions (design conditions) and
confirms whether required performance is being achieved under such conditions. However, it

is necessary to recognize that events exceeding the design conditions may actually occur.
(2) Structural Robustness

When designing facilities subject to the Technical Standards, it is desirable to consider
ensuring structural robustness of the facilities concerned in addition to verifying their

performance (confirmation that the performance requirements specified by the standard
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ministerial ordinance are met). Here, structural robustness means the performance that actions
to the facilities such as unexpected fires or collisions, or partial destruction of the facilities, do
not catastrophically affect the whole structural system.

(3) Diversity of Structural Forms

As consideration for events exceeding the design conditions, a response adopting different
kinds of structural types (diversity of structural types) may be possible. When a large-scale
earthquake strikes a port, it is thought that mooring facilities with similar structural cross-
sections will all be damaged in the same way. An example of this is a case that occurred during
the Hyogo-ken Nanbu Earthquake in 1995 when a number of gravity-type quay walls on the
ground that was improved with replacement sand all received similar damage due to
liquefaction. For this reason, it is desirable to consider the diversity of structural types, for
example, designing mooring facilities by avoiding a single structural type or similar cross-

sections as much as possible in the same port.
8.6.10 Consideration for Environment
(1) Fundamentals

When designing facilities subject to the Technical Standards, it is desirable to consider the
environment such as preservation of the port environment, forming a good port landscape and
securing port security by considering the conditions under which the facilities concerned exist.
In facilities used by an unspecified large number of people, it is desirable to make
considerations so that all persons, including senior citizens and disabled persons, can safely
and smoothly use facilities equipped with ship boarding and unboarding functions and amenity-
oriented functions, as well as other facilities. For specific items regarding consideration for the

environment, refer to Consideration for Environment.
8.11 Economic Efficiency
(1) Fundamentals

When designing facilities subject to the Technical Standards, it is hecessary to set structural
cross-sections, used materials and other components by adequately considering the content
and conditions described in Fundamental Principles of Design, Consideration at Each Stage
and 2.3 Fundamental ltems in Design and comparing the economic efficiency of construction
costs, etc. As indices of economic efficiency, the initial construction costs (including
compensation costs), direct costs such as maintenance costs (e.g., repair costs, reinforcement
costs, inspection costs) and demolition costs, as well as indirect costs such as losses
accompanying the loss of functions in neighboring facilities due to the construction may be

considered.
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9 Fundamental Iltems of Improvement Design

9.1 General
(1) Fundamentals

When designing existing facilities to improve (upgrade), it is important to determine structural
cross-sections, used materials and other components comprehensively considered to be most
appropriate for the purpose of improvement by setting a new design service life and
performance requirements, and utilizing various history records and the current state data
concerning the facilities before improvement as much as possible, and properly establishing
and considering the design conditions under which the facilities concerned will exist , so as to
make sure that the facilities continue to meet the performance requirements throughout the
design service life based on the demands for the facilities concerned (purpose of
improvement). A feature of designing with the intent of improving existing facilities is that, unlike
with designing new facilities, a range of history record and the current state data concerning
the facilities can be obtained (the flowchart on the left side of Fig. 6). That is, improvement
design makes it possible to set realistic design conditions, limit values for verification and other
items based on actual utility situations, load conditions, corrosion rates, actions such as
earthquakes and ocean waves, history of damage and so on, which may lead to setting more
reasonable improved cross-sections. On the other hand, improvement design may continue to
use some structural members to make reasonably improved cross-sections. However, it is also
a feature of improvement design that quantitative evaluation of deterioration and damage may
not be possible for members for which inspection and diagnosis is difficult, such as
underground members (flowchart on the right side of Fig. 6). In this case, the performance and
future changes of the members concerned are often obliged to rely on engineering judgement.
If such existing members should be used in structurally important portions, it is desirable to
fully recognize the risks and assess them beforehand so that defects can be detected early
through inspection and diagnosis in the maintenance stage and countermeasures can be taken
when an issue occurs. As shown above, improvement design of existing facilities makes it

important to handle information for existing facilities.
(2) Compliance to the Technical Standards

If members or other portions of the existing facilities are still used, uniformly applying a present
standard performance verification method (a simplified method assuming the design of new
facilities) and limit values assumed by the Technical Standards at the time of improvement to
all verification items concerning the target facilities may be notably unreasonable because they
require excessive improvement costs in light of the original purpose of improvement. In this
case, a designer may set another performance verification method (such as an advanced

numerical analysis, model experiment or methods based on the past record or experience),
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limit values and so on, and apply them to certain verification items under the judgement of

experts or professional engineers.

Fundamentals of
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Figure 6 - Features of Improvement Design of Existing Facilities

9.2 Purpose of Improvement of Existing Facilities

(1) Major Classification of Purposes of Improvement of Existing Facilities

Although demand for the improvement of existing facilities (purpose of improvement) varies

according to the type of target facilities, structural types, social conditions at the time of

improvement and so on, it is classified into the following, as shown in Part I, Chapter 1, 1.2

Compliance to the Technical Standards:

(D Change of use of existing facilities

@ Change of performance of existing facilities

(3 Extension of the working life of existing facilities

(2) Characteristics and Examples of Each Purpose of Improvement
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Characteristics of each purpose of improvement are listed below. Table 9.1 shows a
classification of each purpose of improvement and typical examples of improvement.

(D Change of use of existing facilities . “Change of use of existing facilities” means changes in
use of the facilities themselves including purposes of installation and basic functions of existing
facilities. Improvement to change the purpose of installation or use of facilities, including, for
example, changing from a breakwater to a revetment, or from a quay wall to a revetment, fall

into this category.

@ Change of performance of existing facilities . “Change of performance of existing facilities”
means upgrading or downgrading performance or ability by changing the performance
requirements without changing the purpose of installation or basic functions of the existing
facilities. For example, upgrading performance includes heightening breakwater or revetment
crowns as a result of reviewing the design wave height, and strengthening seismic
performance of quay walls or piled piers as a result of reviewing the design input earthquake
ground motion. Examples of downgrading performance include an improvement to reduce
depth (depth reduction) of quay walls reflecting the downsizing of used ships in conjunction

with countermeasures against quay wall aging.

(@ Extension of the working life of existing facilities . “Extension of the working life of existing

facilities” means a significant extension of the working life of facilities approaching the end of
their originally set design service life through the large-scale reinforcement of members, a total
repair of members and setting a new design service life without changing the purpose of
installation and basic functions of existing facilities shown in (O or the performance
requirements shown in @. Facilities whose originally set design service life has not yet expired
are also included in this category. An example of this is to set a new design service life (e.qg.,
50 years) and undergo repairs anticorrosive covering and the large-scale replacement of
cathodic protection of a sheet pile wharf that is soon approaching its original design service
life without degrading facility performance and with expected continued use as a mooring
facility. However, in this case, it is necessary to verify that the facility meets its performance
requirements throughout the new design service life set at the time of the improvement design.
If not, the repair or reinforcement of existing members and other components will be required.
A case of removal or restoration of a piled pier's superstructure also falls into this category.

Whichever purpose for improvement ((D-®) is adopted, a new design service life and

performance requirements need to be set based on the demands for the facilities concerned
(purpose of improvement) when doing improvement design of existing facilities as shown in
Part I, Chapter 2, 2.4.1 General. However, there may be no changes between performance
requirements before and after improvement depending on the adopted purpose of

improvement.
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Table 5 - Classification of Purposes of Improvement and Typical Examples of

Improvement

Purpose for

: Description Content, etc. Typical examples
improvement P yP P

Change from a breakwater to a revetment
Change from a revetment to a quay wall or other

When changing purposes of Change of purposes

(D Change of use | installation and use (function) : : structure
o e of installation and use " -
of existing facilities * Change from a quay wall or other structure to a
revetment

Review of design * Heightening of a breakwater or revetment

wave

Review of design * Improvement of performance of a breakwater or
tsunami revetment against a tsunami

Change in design * Deepening or shallowing of quay walls and other
ship structures

When changing performance |Review of design
requirements and changing | input earthquake
(upgrade or downgrade) ground motion
@) Change of performance or ability

performance without changing the
purposes of installation and
use (function) of existing
facilities

* Strengthening of seismic performance of quay
walls and other structures

Introduction of cargo handling equipment to quay
walls and other structures, and response to larger
cargo handling equipment

Change of cargo
handling equipment

Response to Change of the crown height of quay walls and
convenience other structures

Change of the guard method of a breakwater or

Response to amenity .
revetment for ocean waves

Improvement of
safety in ship
navigation and
anchoring

Deepening of navigation channels and basins

When significantly extending
the working life of existing
facilities approaching the end
of their design service life
(including changes during the
initially set design service
life)

Replacement of cathodic protection
Replacement of the superstructure or
understructure of piled piers

Setting of a new
design service life

(@) Extension of
the working life

9.3 Overall Procedure to Improve Existing Facilities

Same as in the case of new facilities, the improvement of existing facilities will be completed
through planning, investigation, design and construction stages, with the maintenance stage
beginning just after completion. Fig. 9.2 shows an overall procedure for improving existing
facilities together with a procedure for building new facilities. Fundamental consideration for
improving existing facilities is outlined below in accordance with the procedure found in the

diagram.
(1) Planning Stage

In the planning stage, it is important to set the purpose of improvement of facilities considering
the preventive maintenance plan of the port, the maintenance plan of the facilities concerned
and surrounding facilities, and necessity of individual facilities, as well as the significance and
positioning of the facilities concerned in the entire port. Based on this goal, decisions for the
discontinuation of use of existing facilities or the purpose of improvement are established, the
port plan is revised or changed as appropriate, and a project plan is developed. Next, it is

necessary to investigate the fundamental policy regarding the improvement of existing facilities
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based on the project plan and results of past inspections and diagnoses. In investigating the
fundamental policy, an outline of improvement methods and methods for using existing
members and other components are investigated, and a plan for a detailed inve stigation (done
in the investigation stage) of existing facilities to use existing members and other components
in the improvement design is developed.

(2) Investigation Stage

In the investigation stage, it is necessary to investigate in detail the state of members which
cannot be confirmed only using the results of past inspections and diagnoses, according to the
purpose of improvement and the fundamental policy set in the planning stage, and to check
the soundness of existing members and other components.In particular, although the
improvement of existing facilities will involve the reuse of all or part of the existing facilities, the
degree of deterioration, damage and performance degradation of existing members and other
components for reuse greatly changes the selection range of construction methods and cross-
sections for improvement and significantly influences the cost of improvement work and other
tasks. Thus, an investigation for improvement of existing facilities needs to be conducted
carefully and with an attention to detail using the results of periodic inspections and diagnoses.
Structural members and other components that make it difficult to evaluate the soundness of
existing members need to be understood in this investigation stage and summarized in

consideration of the following design, construction and maintenance stages.
(3) Design Stage

In the design stage, the design conditions are set first based on the purpose of improvement,
the fundamental policy and a detailed investigation. Design conditions include planning
conditions, usage conditions, natural environmental conditions, construction conditions and
material conditions. For material conditions, organize as a premise for improvement design
after properly evaluating the performance of existing members and other components to be
reused and assess their reusability, repairs, reinforcement, and so on. Next, for determining
the structural cross-sections, consider organized prerequisites and conditions under which the
facilities concerned exist, determine the structural cross-sections, used materials and other
components based on the current technical standards and standard performance verification
method, then update as maintenance plan (draft). The content of countermeasures to repair
and reinforce existing members and other components is also determined as appropriate.
Application of the standard performance verification method at the time of improvement to
existing members may make the determination of reasonable structural cross-sections, used
materials and other components difficult. In this case, it may be possible to change the
verification method and proceed with the design work while referring to a numerical analysis

or performance verification method based on past performance. However, it is desirable to
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return to the investigation stage and conduct a detailed reinvestigation if existing information
on the facilities concerned is insufficient due to a change in verification method.

For the response in the investigation and design stages, it may become necessary to return to
the planning stage and reexamine the fundamental policy of improvement if it is difficult to
determine reasonable structural cross-sections, used materials and other components. As
such, it is desirable to proceed with the work while affording ample time and considering costs
for improvement design assuming the possibility that a reexamination is required when

designing improvements of existing facilities.
(4) Construction Stage

Existing members and other components which were difficult to check in detail in the design
stage may become possible to check relatively easily during construction. Thus, it is desirable
to include necessary detailed investigations for the existing members in the construction plan
beforehand if they are considered to be structurally important with the cross-sections
determined in the design stage and can additionally be checked in detail in the construction
stage. If members judged to be healthy in the design stage are inconsistent during
construction, such as those found to be deteriorated or damaged, it is necessary to return to
the investigation stage and reexamine the design. For the improvement of exsiting facilities, it

is desirable to proceed by allowing ample time and considering costs for a reexamination
(5) Maintenance Stage

In the maintenance stage, facilities must be properly maintained with inspection, diagnosis,
repairs and other work based on the maintenance plan changed in the design and construction
stages. In particular, it is necessary to carefully check the maintenance plan because the
maintenance level may be altered due to changes in structural types or reinforcement of
members in existing facilities due to improvement. In the maintenance stage of facilities
improved by reusing existing members and other components, particular attention should be
given to the existing members since they may suffer unexpected deterioration and damage
due to a long-time exposure to load and natural environment actions, compared with the newer

members.

9.4 Consideration for Improvement Design

Although items to be considered for improvement design of existing facilities subject to the
Technical Standards are the same as for the design of new facilities subject to the Technical
Standards (refer to Part |, Chapter 2, 2.3 Fundamental Items in Design), there are some items

to be noted which are specific to improvement design and are described below.

(1) Extraction of Improvement Construction Methods and Performance Evaluation of

Improved Cross-sections
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In improvement design of existing facilities, a wide variety of alternatives for improvement
construction methods are available because improved cross-sections tend to be more
complicated compared to the design of new structures. On the other hand, to obtain reasonable
improved cross-sections, improvement construction methods need to be exhaustively
extracted so that no proper improvement construction methods corresponding to the structural
cross-sections of existing structures are overlooked. In addition, improved cross-sections
combining existing and new structures need performance evaluation of not only the behavior
and deformation performance of each structure, but as a whole structure considering the
influence of interactions between existing and new structures. For the extraction of
improvement construction methods and the fundamental concept of performance evaluation

of improved cross-sections, refer to sections such as Reference 15).
(2) Design Service Life

The design service life of existing facilities for improvement design is “the period to be properly
set in the design stage of facilities as the time during which the facilities concerned continue
to meet their performance requirements” and is the same as that of new facilities. The design
service life for improvement design is generally defined as starting when the working life of an

improved facility begins.

(3) Performance Requirements, Performance Criteria and Performance Verification
Methods

Performance requirements and performance criteria of existing facilities for improvement
design need to be set according to the purposes of the facility’s installation and improvement.
The purpose of improvement needs to be fully understood and set because it may be
completely different than the performance requirements and the performance criteria held by
existing facilities before improvement or may be added depending on the purpose of

improvement.
(4) Planning Conditions and Usage Conditions

@O Common items . While the design work of new facilities generally proceeds based on
planning and usage conditions set prior to the design, for the improvement design of existing
facilities, some conditions such as the position of a face line and apron gradient are determined
in the design stage according to the situation of the existing facilities. When no utilization forms
of the facilities are changed as a result of improvements made, items concerning design ships
and cargo handling equipment may be reassigned based on ships and cargo handling

equipment that are actually used.

@ Face line of mooring facilities. In the improvement design of mooring facilities, the possibility

and possible ranges of forward-putting face lines of existing facilities considerably influence

the selection range of structural types, structural cross-sections and construction methods. In
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other words, limiting conditions of the position of the face lines in improvement design
considerably influences the whole construction period and construction cost. Thus, when face
lines are changed, and if the preparation work, such as requests for reclamation, takes time,
careful attention is required and planning conditions regarding face line changes must be well
assessed early.

(5) Natural Environmental Conditions

Information on the facilities concerned can be effectively used in the improvement design of
existing facilities. Consequently, when setting natural environmental conditions, it may be
possible to set conditions based on the results of the best possible analysis of the history of
actions and damage, characteristics of deterioration events and so on; some of which may be
ocean waves that acted on the facilities in the past, corrosion rates of steel materials, or the

strength of the consolidated cohesive soil ground.
(6) Material Conditions

When setting material conditions for the improvement design of existing facilities, the following
items need to be given attention in addition to items in Part |, Chapter 2, 2.3.7 Material

Conditions and Construction Conditions.

(D Setting of conditions of existing members . Some component elements of existing facilities,

such as materials, members, improved ground and products (hereinafter called “existing
members”) are reused for the improvement of existing facilities, and the reusability of these
existing members will considerably influence the selection range of structural types, design
crosssections and construction methods. That is, whether existing members can be reused
considerably influences the whole construction period and the construction cost. Thus,
conditions such as the reusability of existing members need to be carefully set as design
conditions in the improvement design. Specifically, the following items need to be studied and
organized as a part of the design conditions prior to undertaking design for each component

element of the existing facilities:

— Setting of input parameters for physical properties, stress states and history in order to

evaluate
— Expected performance (for newly set design service life)
— Evaluation method of expected performance

— Prerequisites for improvement design (evaluation result of the necessity of repairs and

reinforcement)

@ Performance evaluation of existing members . Fig. 2.4.3 shows an example of a

performance evaluation procedure for existing members.
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(a) Understand the Deterioration and Damage Condition of Existing Components

The deterioration and damage condition of the target Existing Parts must be understood when
evaluating their performance. To understand these conditions, the plausibility of the existing
Parts is checked against the results of previous inspections and diagnostics (records of
maintenance plans) and detailed preliminary investigations. details. Additionally, input
parameters for physical properties, stress states, and history of existing Parts required for
performance evaluation are established.

(b) Establish Expected Features of Existing Parts

Next, it is necessary to set up the expected functionality for existing Departments. To do so,
examine the renovation purpose of the facilities involved and set the performance and service
life design requirements for the entire facility and according to the renovation purpose. Based
on these factors, select a candidate for existing Parts to be repurposed to renovate the relevant
facility and establish its intended functionality.

(c) Evaluate the performance of existing Parts

Next, it is necessary to evaluate the performance of the current Parts. To do so, estimate the
performance degradation of existing reused parts over their design service life and evaluate
whether the expected performance will be maintained throughout that period. . Then, evaluate
their reusability by referring to Figure 9.4 and organize as bases (material conditions) for
renovation design. When evaluating reuse, note that existing parts can be reused as is if
performance is guaranteed throughout their design life, but if not, they can be reused. by taking
countermeasures such as repair or reinforcement. If such countermeasures are not available,
it is necessary to plan measures during the maintenance phase and reuse existing parts, or
determine whether their reuse will be difficult. . In the case of existing parts that are
conditionally reused, their design is carried out with the assumption that the existing parts will
be subject to major repairs or reinforcement during their design life. When reusing existing
parts is judged to be too difficult, determine whether the parts involved will be removed or
removed from where they are to consider its impact on the renovation. basis. The main basis
of performance evaluation is the quantitative verification of the expected performance through
analysis based on actual measurement data obtained from detailed investigations. However,
if it is necessary to reuse parts and components for which actual measurement data are not
available from the investigation or to reuse parts and components for which facility usage
conditions make it difficult difficult to investigate or is underwater or underground and causes
difficulties for investigation. , it is necessary for professional experts or engineers to assess
whether performance over the design service life can be guaranteed based on estimates of
the degree of transitional deterioration of existing components or Past records of similar parts.
(d) Reflect on assessment results

The results of evaluating the performance of existing structures mentioned in (c) should be

reflected as material conditions as an important premise for determining structural cross-
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sections and other parts. Next, the rationale behind the assessment given, including whether
it was a quantitative or qualitative assessment, should be clearly documented in the design
documents or other documents along with the results of the assessment. about reusability.

(@ Effects from connecting existing parts and new parts

For connecting parts and materials in existing facilities with newly added parts and materials
in renovation designs, it is necessary to consider the degree of their connection in a reliable
way. and deterioration or corrosion is not accelerated by connecting parts and materials with
different properties.

(7) Construction conditions

For retrofit design of existing facilities, it is important to fully investigate and coordinate the
operating and other conditions of the facilities involved as well as neighboring facilities before
carry out renovation design and set design conditions as they limit the construction method,
scope, time and duration and significantly influence the choice of renovation construction
method, time and construction costs. Such conditions may include, for example, the availability
of an alternative facility at the time of construction, terminal conversion or servicing works
construction, and constraints on offshore construction or ashore. For construction to renovate
existing structures, it is necessary to set appropriate conditions to limit construction works,
including construction procedures and preliminary investigations, so that situations do not
occur. structural instability during construction because there is a possibility that the structural
capacity of existing components has been lowered beyond what was expected.

(8) Maintenance conditions

When setting maintenance conditions for the design of renovations of existing buildings, as in
the design of new buildings, it is necessary to consider conditions that make it easier to inspect
each structural element. and respond to deterioration or damage. The renovation of existing
facilities assumes the efficient reuse of existing components, and the additional components
resulting from the renovation may result in a more complex structure than the originally
constructed cross-section. Therefore, structural sections and components that facilitate easy
maintenance should be chosen.

(9) Consider events beyond design conditions

When considering events that exceed design conditions for facility construction or renovation,
it is necessary to establish structural sections and components so that localized failures and
collapse of the facility are involved due to these events. The impact of the incident does not
seriously affect the entire facility. Therefore, for existing components where it is difficult to
guantitatively assess their strength or residual load-carrying capacity, designs that require too
much redundancy should be avoided. Instead, it is better to create structural designs that
predict robustness, with the use of newly installed and existing components whose structural
capacity has been quantitatively assessed.

(10) Environmental Considerations
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Whether the facilities are newly built or renovated, environmental considerations such as
preserving the port environment, forming a good port landscape and ensuring port security,
should be made considering the surrounding conditions. of relevant establishments. Even if
existing facilities are renovated solely for the purpose of extending their working life, giving rise
to new social needs such as CO2 reduction, considering landscape and amenity-oriented
facilities, conservation such as a Built Heritage and the need for symbiotic port structures,
should be well considered in the renovation design.

(11) Economic efficiency

For the renovation design of existing facilities, it is necessary to fully consider the construction,
maintenance and conditions of the relevant facilities put into use, and compare the economic
efficiency of the costs. renovation fees and sections, materials used and other components.
Are indicators of economic efficiency, renovation costs (including compensation costs), direct
costs such as maintenance costs (for example: repair costs, reinforcement costs, inspection
costs, etc.). investigation) and demolition costs, as well as indirect costs such as losses

associated with service suspension due to renovation work may be considered.
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Appendix A
(Regulations)

Geometric data

A.1. Geometric data should be expressed by their characteristic values or (e.g. in the case of

differences) directly by their design values.
A.2. The dimensions specified in the design can be taken as characteristic values.

A.3. When their statistical distribution is not known, geometric quantification values that

correspond to a segment in the statistical distribution can be used.

A.4. The tolerances for connecting parts made of different materials should be adapted to each
other.
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Appendix B

(Reference)

Determining the lifespan of seaport projects and components according to ISO 2394
(1998); BS 6349 January 1, 2013
B.1 Design life is specified according to ISO 2394 (1998)

Type Design life (years) Construction type

y 1+5 Temporary works (for construction; import and export of
materials...)
Some structures in the project can be replaced or

2 25 repaired (such as beams, face plates, bridge abutments,
bridge bearings...)

3 50 Building; Public works and other structures...
Permanent works (Monuments; special important

4 >100 : _
structures; Large-scale bridges...)

B.2 How to represent design life levels of marine structures (according to BS 6349 1-1:

2013)
Design life Indicates
design life Examples
level
(years)
1 10 Temporary structures™
P Structural components designed to be replaceable in a

2 10 dén 25 L . oo
structure or building have a longer design service life.
Specialized structures for non-renewable natural

P resources, petrochemical or similar industrial or

3 15 dén 30 ; o , .
commercial applications (e.g. piled docks, moorings and
docking piers, Ro-Ro bridges) .
Common port infrastructure for industrial and commercial

4 50 ports includes reclamation, shore protection, breakwaters,
and wharf walls.
Common port infrastructure includes breakwaters for ports
with important economic or national strategic value.

5 100 . o )
Regional flood protection infrastructure or shore correction
infrastructure.

* Céac két cAu hay bo phan két cAu co thé thao d& véi quan diém st dung lai cAn xem xét nhw khong phai la
cong trinh tam.

* Structures or structural parts that can be dismantled with a view to reuse should be
considered as not temporary works.
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Appendix C
(Reference)

Analyze extreme values
C.1 Analysis of independent extreme values

It is common to establish values for design phenomena (e.g. wave heights or water levels) that
have long return periods/low probability of occurrence in order to conduct independent extreme

value analysis. .

The basis of those analyzes is to assign a probability density function to peak values within the

existing data set to statistically extrapolate extreme phenomena.

The design needs to fully understand this approach to accept any assumptions or limitations
in the results (e.g., describing a relatively long-duration storm event as a short-duration peak

value derived from statistics).

The design needs to choose an appropriate probability density function that fits the data well.
The confidence interval of the extrapolated values needs to be determined and the design

should consider the sensitivity of the range of extrapolated values.

The design also needs to consider the impact of climate change on extreme values in the
design life of the building.
NOTE 1: More detailed instructions on extreme value analysis, probability density functions and joint probabilities

of wave conditions and water levels refer to CIRIA C683 and information related to the functions probability density
to apply for independent analyzes refer to sections D4 to D6 below (according to BS 6349-1-2:2016).

NOTE 2: In the case of wave height estimation, in most cases it is most appropriate to perform extreme value
analysis using a set of offshore data due to the differences that occur within the sets. waves through near-shore
wave deformation processes. In addition, the purpose of the wave characteristics at the location of interest is to
separate the wave data into different angular parts and then process them separately to obtain an appropriate
probability density function. In other words, each case needs to be evaluated according to its own criteria and

requires experts to do it.

C.2 Analysis of dependent extremes (coordination probability)

Because the combination of certain parameters, especially wave height and water level, is very
important in the design of many seaport projects, the design needs to be established from
data, including large wave heights and water levels. tend to be dependent or independent of
each other.

NOTE 1: The degree of dependence varies from location to location and may also be influenced largely or partially

by tidal or seasonal influences.

In the case of partial or very strong dependence (or correlation) it is possible that different combinations of water
level and wave conditions lead to respective levels of structural response, and the design should take into account
these factors. that combination. Variations in structural response will be greatest due to different combinations of

water level and wave height (sometimes also due to wave period). Therefore, it is not simply a single combination
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of those parameters that will create the most unfavorable design condition, and the design needs to evaluate a
number of different combinations for each response being analyzed.

NOTE 2: In the absence of sufficient data to establish whether or not large wave heights and water levels (or other
parameters) are correlated, complete interdependence can be assumed but will leads to approximate calculations.
For a specific location, it is necessary to refer to the instructions at that location. If there are no such instructions,
you can refer to the intuition/correlation coefficient approach presented in CIRIA C683.

C.3 Reliability of extreme value analysis

Extreme value calculations are derived from statistical analysis (extrapolation) based on the
duration of the raw data as being typical or representative of long-term conditions. If storm
events are particularly large or moderate over the time period for which the data are available,
extrapolations give extreme values that are either too large or too small. Extrapolations are

expected to become more reliable when based on data over longer time periods.

Statistical analysis techniques assume that the parameter formation mechanism remains
constant over long periods of time. The first reason is that extrapolations to return periods
beyond, for example, 100 years need to be considered carefully, as their reliability may be

subject to long-term variations in climate composition.

The raw data set needs to be screened to select peak values arising from individual storms, to
ensure statistical independence. Care should be taken to ensure that this step does not attempt

to increase the limited input by including non-independent phenomena.

This preliminary appendix can be applied to various parameters, such as wave height, water
level or other parameters such as flow speed or wave period, but may require methodological

adjustments. This is to react to each different characteristic.
C.4 Probability density function

The method consists of plotting peak values (chosen above a defined threshold and from
individual phenomena in the raw data set) against cumulative probabilities of occurrence. Use
a probability density function with the goal of obtaining a straight-line plot that can then be

extended to account for the occurrence of extreme conditions.

For example, to calculate the wave height (in general, to analyze extreme values, the
meaningful wave height is often used), for a set of nx values of representative heights H that
have been tabulated in order As the amplitude increases, the probability that H is less than a
single value Hn (where n is less than or equal to nx) can be expressed as follows:

n
n,+1

Therefore the probability p, that H, equals or exceeds is given by:

n
ny+1

pn: 1-
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The values of pn can be calculated directly from the above formula for each individual height
in a restricted data set, but for large data sets it may be more convenient to divide the sorted
data set. arranged into a number of equal height intervals. For each height, a count is recorded
in the appropriate interval and a count in each of the lower intervals. The total number of such
numbers within an interval divided by the total number of observations gives the probability pn
of wave height Hn being equal or exceeded, where Hn is the height that defines the lower limit

of the range below the considered value.

Several probability density functions have been found to be suitable in different cases.
Sometimes one distribution fits well to lower wave heights and another fits better to higher
wave heights, potentially indicating two different sets of waves. In such cases the distribution
that fits the larger waves is used for extrapolation. The following distributions may be relevant

and provide information to support preliminary analysis only.

a) Weibull distribution. Plot logeloge(1/pn) and loge(Hn-Hy).

b) Fisher — Tippet distribution. Plot - logeloge[1/(1-pn)] and — loge(Hi-Hn).
c¢) Frecher distribution. Graph - logeloge[1/(1-pn)] and loge(Hn-Hy).

d) Gumbel distribution. Graph - logeloge[1/(1-pn)] and Hx.

e) Gompertz distribution. Plot logeloge (1/pn) and Hs.

f) Log standard distribution. Plot H, versus p» on a log probability graph. Or plot y against log

H, as y can be obtained, with the help of tables, from:

y
p, =0.5-(27) " [exp(~t* | 2)at
1]

For distributions a), b) and c) the value of H. that represents the lower or upper bound value

of Hn can be chosen by trial for the best fit.

Other distributions may exist and are commonly applicable to such analyses, which are
commonly accepted to include the generalized, exponential extreme value (GEV) and the

generalized Pareto condition.

That line plot gives the probability of certain wave heights (or other parameters) being equal
or exceeded during the time period over which the initial data set was obtained. Provided that
this initial data set is statistically independent and represents typical conditions, then
extrapolation to lower probability values and longer recurrence periods can be carried out. By
definition, a recurring cycle is a cycle in which the phenomenon occurs on average only once.
Accordingly, the maximum height Hnx received from nx value representing an observation
period To will have a recurrence period equal to To. By replacing nx with n in the formula for pn

above, a probability of:
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n,+1

Therefore, the wave height with a given repetition period T, has the probability of appearing:

To
TR (nx+1 )

The probability plot can then be used to obtain the relevant extreme wave height.

In practice it is advisable to use multiple years of data from which to summarize the necessary

data, as any shorter period may not produce a representative set.

The quality of a particular fitness distribution should be assessed by visual inspection as well
as by other quantitative statistical measures. The designer needs to choose a combination of
statistical model and threshold (or some phenomenon) that best fits that distribution and is
most biased to account for the uncertainty due to the time constraints of the set. Historical data

is compared with calculated repetition cycles.

C.5 Extrapolate the wave period

Depending on the data source adopted, the wave period may be the mean wave period T,
the significant wave period Ts (=T1;3) or the period at which the peak occurs in the wave
spectrum T, (or Other definitions are possible such as mean energy wave period Tm.10). For

standard wave spectrum shapes, the following inequalities apply:
Tu<Ts< T,

It is common to construct a discrete plot or plot of wave height versus wave period on which
curves of constant wave slopes, or best-fit lines representing dimensional relationships, can
also be drawn. wave height/wave period (with deviation to extreme storm events). In general
this chart suggests a dominant value of wave slope that can be used for design conditions.
However, if the wave slope values are too scattered, it may be necessary to evaluate the range
of values that will be associated with the design wave height. A more involved approach
requires that the wave period be related to the wave height using a conditional or extreme log
standard model. It may also be necessary to split the set of wave heights/wave periods into
angular subdivisions according to direction, if such an approach has been shown to be suitable

in dealing with extremes of wave height.

For a design wave height, lower wave slope values, i.e. longer wave periods, usually give
greater wave force, but care should be taken if the structure or its independent components
have may resonate at periods within the period range of the incident waves, in which case the

resonance period should be included in the design parameters.
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For storm waves, the wave slope 2¢Hs(gTm?) in the sense of significant waves and the deep
water wave length associated with the mean period of the main waves, usually in the range
0,03 to 0,06. For fully developed sea conditions, 0,05 can be taken without significant wave

height, although it may not be appropriate in areas strongly influenced by large waves.

In the case of maximum wave heights the periods associated with these maximum values can
be expected to be close to the period T, at which the peaks occur in the dc wave frequency
spectrum, and that period is usually significantly longer than the mean wave period Tn. For

fully developed sea state T,/Tm ~1.4.
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Appendix D
(reference)

The design is oriented towards Green Port requirements

D.1 . To orient towards Green Port requirements. Port design needs to pay attention to the

following principles:

D.1.1 Resource usage

(1) Using environmentally friendly materials

(2) Use recyclable raw materials

(3) Utilize and reuse materials

(4) Use materials that are highly durable and require little repair, maintenance or upkeep.
(5) Use locally available materials to minimize transportation

(6) Save water use in internal activities and production and business activities of the port.
(7) Avoid or minimize single-use plastic

(8) Other

D.1.2 Environmental protection

(1) Prevent air pollution

(2) Noise control

(3) Management and treatment of waste (liquid and solid) from activities

seaports and ships

(4) Other

D.1.3 Green management

1) Environmental management system according to ISO standards

(2) Occupational health and safety system according to ISO standards

(3) Evaluate green activities

(4) Prioritize the use of suppliers with certificates or certifications for environmental protection

and environmentally friendly supply chains
(5) Other
D.1.4 Energy saving

(1) Reduce energy consumption and reduce greenhouse gas emissions
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(2) Increase renewable energy

(3) Other

D.1.5 Environmental protection

(1) Improve air quality

(2) Noise control results

(3) Results of waste pollution control (liquid and solid)

(4) Solutions to mitigate and adapt to climate change and sea level rise

(5) Other

(Draft)
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Appendix G
(Reference)
Maintenance strategy

G.1 General

(1) Maintenance should be continuously performed over the design working life specified by
the maintenance plans so that the performance of the structures and members of the facilities
does not fall below the required level. For maintenance, it is desirable to assure the
maintenance level required for structures or members and items considered at each stage to
smoothly conduct inspection, diagnosis, maintenance work and other activities in the records
of design and construction stages, and to consider and devise ways to make it possible to
maintain more efficiency in the maintenance stage. Here, the working life refers to the period
during which the facilities are in service. The working life may be considered as the design

working life of the facilities concerned at the initial stages of their construction or improvement.

(2) Performance degradation of the structures or members of facilities progresses slowly, such
as the deterioration of structural materials, ground settlement and washing out of sand.
Facilities subject to the Technical Standards are usually exposed to severe environments
where structural materials such as concrete and steel are easily deteriorated, and the soft
ground tends to cause sand to wash out and ground settlement. Accidental actions such as

earthquakes and impact loads may also cause sudden damage to the facilities.

(3) Maintenance of facilities subject to the Technical Standards is a series of procedures for
grasping changes such as the degradation of structures or members due to damage caused
by their physical changes and aging deterioration through timely and accurate inspection and
diagnosis, as well as comprehensively evaluating the results and taking proper measures such
as necessary maintenance work. This process needs to be performed based on appropriate
plans and criteria. Here, the appropriate plans refer to the maintenance programs described in
Part |, Chapter 2,4.2 Planning of Maintenance Programs and the Implementation of Items
Specified in the Maintenance Plans, etc. and appropriate criteria indicated in the Guidelines
for Inspection and Diagnosis of Port Facilities 1), the Technical Manual for Maintenance and
Rehabilitation of Port Facilities 2) and the Guidelines for Planning Maintenance Programs of
Port Facilities 3) etc. The Guidelines for Inspection and Diagnosis of Port Facilities elaborates
the frequency, concept of method and other items for maintenance and diagnosis of facilities

subject to the Technical Standards.

(4) Generally, facilities subject to the Technical Standards do not function independently, but
as a group of facilities composed of several homogeneous and heterogeneous facilities. Thus,
it is desirable for plural owners or managers, if any, of a group of facilities connected closely
from the viewpoint of the function of the facilities to cooperatively maintain the group of

facilities. In order to efficiently and effectively maintain and renew facilities subject to the
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Technical Standards, there is a precautious maintenance plan, which is a midterm plan
intended to specify priority and other factors regarding maintenance and renewal for each
facility by ports and to level costs based on the maintenance plan developed by the facilities.
Fig. G.1 is a conceptual diagram showing the relationship between a maintenance plan and a

preventive maintenance plan.

[ J ” - Preventive Maintenance Plan

00 Port

Quay wall
Breakwater
Port road (Per port)

(Per facility)

e J

Fig. G.1 - Conceptual Diagram of the Relationship between a Maintenance Plan and a

Preventive Maintenance Plan

(5) Results of inspections, diagnoses, comprehensive evaluations, maintenance work and
other activities described in the maintenance plan and other items required for the maintenance
of facilities shall be recorded and stored properly together with design, construction and other
data. Since they are essential for efficient maintenance, they shall be stored throughout the
working life. Recording methods, space for storage and other items should be predetermined
for easy reference to the records. To efficiently manage a large amount of data from many
facilities, it is desirable to utilize an efficient database system such as a general-purpose data
management system or the maintenance information database promoted by the Port and

Harbour Bureau of the Ministry of Land, Infrastructure, Transport and Tourism.

(6) Specially designated facilities subject to the Technical Standards (facilities subject to the
Technical Standards which are protective facilities for harbors residing within 20 meters inside
and outside of the port area; mooring facilities; bridges; roads, railways and tracks with tunnel
structures; fixed and track running cargo handling equipment; and waste disposal sites need
to be properly maintained based on the maintenance plan and other plans so as to meet the
performance requirements during the working life. It is important for port managers to
understand if they are properly maintained by collecting reports from private businesses and
other entities and by other measures. Procedures and ideas for methods when port managers

collect reports from managers of specially designated facilities subject to the Technical
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Standards such as private businesses and on-the-spot inspections are summarized in the
Guidelines for Collection of Reports, On-the-Spot Inspection and Others on Specially

Designated Facilities Subject to the Technical Standards , which may be referred to.

(7) A variety of research and development, such as installation of sensors in structures and
utilization of unmanned aircraft (drones), are in progress as new technology development for
facility inspections. It is desirable to improve efficiency by considering characteristics of,

studying and applying these technologies (including combining them with traditional methods).

G.2 Develop maintenance programs and implement the topics specified in maintenance

plans, etc.
G.2.1 General

(1) The owners of the facilities concerned shall normally prepare the maintenance programs
of the facilities. The development of the programs need a consistent philosophy throughout the
planning, design, construction and maintenance of the facilities, and it is hence most
reasonable for the owners of the facilities who are the most familiar with these processes to

develop the programs.

(2) Maintenance plans aim to deliberately and properly maintain the facilities concerned, and
maintenance programs shall be normally used to specify the maintenance program
documents. Other methods may also be used if they substantially cover the items specified in

the maintenance program documents to properly maintain the facilities concerned.

(3) The development of maintenance programs shall materialize the basic concepts of
maintenance (refer to Part |, Chapter 2, 2.1.4 Basic Concepts of Maintenanceer) to the actual
work levels of the facilities concermned upon sufficiently assessing what their maintenance
should be and possible changes based on the installation objectives,design working life and

performance requirements.

(4) Facilities subject to the Technical Standards shall maintain the performance requirements
corresponding to the maintenance levels shown in Table 4.2.1 at any time during their design
working life. For this purpose, the initial design must satisfy the designated maintenance levels
and properly take account of the smooth implementation of inspections, diagnoses and

maintenance works corresponding to the designated maintenance levels.

5) The setting of maintenance levels shall be conducted by estimating the performance
changes over time of the facilities concerned from the conditions surrounding the facilities such
as natural environmental conditions and usage conditions, the structural types of the facilities
and the characteristics of their structural members, as well as the types and quality of the
materials used for the facilities, based on the installation objectives, design working life and
performance requirements of the facilities. Maintenance levels are normally set for the whole

facility, but in most actual cases, estimating the performance changes over time of the whole

78



(Draft)

facility is difficult, and setting the same maintenance levels for all members and ancillary
equipment is unreasonable. Proper maintenance levels shall be hence set for each structural
member of the facilities concerned, taking account of the assessment results of the
performance changes over time of the structural members of the facilities and the difficulty
levels in inspections, diagnoses and maintenance work, the importance of the facilities, and
drawing up a maintenance scenario for the facilities as a whole. Table 4.2.1 shows the concept

of setting the maintenance level.

Overview

Working life (set as the design working life at the beginning of construction and improvement)
Basic concept of maintenance (setting and others of the maintenance level)

Conditions in which facilities are placed

Result of the initial inspection and diagnosis

Inspection and Diagnosis Plan

Basic concept of inspection and diagnosis

Methods for determining the degree of deterioration and evaluating the degree of performance

degradation

Results of inspection and diagnosis and evaluation of the degree of performance degradation
Comprehensive Evaluation

Evaluation based on engineering knowledge and judgement

Evaluation based on on-site and administrative judgement

Policy concerning the maintenance of facilities

Maintenance and Repair Plans

Methods, implementation timing and other factors regarding maintenance and repair
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Overview

O Working life (set as the design working life at the beginning of construction
and improvement)

O Basic concept of maintenance (setting and others of the maintenance level)
O Conditions in which facilities are placed
O Result of the initial inspection and diagnosis

Inspection and
Diagnosis Plan

OBasic concept of inspection and diagnosis

O Methods for determining the degree of deterioration and evaluating the
degree of performance degradation

OResults of inspection and diagnosis and evaluation of the degree of
performance degradation

Comprehensive
Evaluation

OEvaluation based on engineering knowledge and judgement
OEvaluation based on on-site and administrative judgement
OPolicy concerning the maintenance of facilities

Maintenance and
Repair Plans

O Methods, implementation timing and other factors regarding maintenance
and repair
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Table G.2 -Standard configuration and Details of the Proposal of Maintenance Plan

Maintenance level I

Initial performance

S —

Limit value in terms of maintenance

The maintenance level for members and
other components that have been verified
that abnormalities due to damage,
degradation and other hazards that affect the
performance of members and other
components during the working life are
sufficiently minor (the maintenance limit
state is not reached) in the estimation of
performance degradation.

Performance of members
and other components

Limit value in terms of performance requirements

Elapsed years i

End of working life

Diagram of performance degradation at Maintenance level I

Maintenance level II

Initial performance

The maintenance level for members and
other components that are designed to
enable maintenance and repair before the
limit state in maintenance is reached by
planning at the design stage to maintain and
repair during the maintenance stage, even
though the occurrence of abnormalities that
influence the performance of members and
other components (the limit state in
maintenance) within the working life is
anticipated in the estimation of performance
degradation. Elapsed years

.

Limit value in terms of maintenance "
~ -
~

and other components

P ' . =~
Limit value in terms of performance requirements ~

Performance of members

A

End of working life

Diagram of performance degradation at Maintenance level II

Maintenance level I11

: Initial performance
The maintenance level for members and a4

other components that are supposed to be
maintained and repaired before they fail fo
meet the performance requirements because
the maintenance at Maintenance level I is
difficult or uneconomical, even though

Limit value in terms of

Performance of members
and other components

. maintenance
performance degradation of the members === : <
O Limit value in terms of ~
and other components due to abnormalities performance requirements N
. . . . . ~
is anticipated 1in the estimation of N
performance degradation. AN

Elapsed years
End of working life

Diagram of performance degradation at Maintenance level I11
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G.2.2 Inspection and Diagnosis
(1) General

(D Since the changes in the state of structural members of facilities subject to the Technical

Standards due to damage and degradation are strongly correlated with each other, inspection
and diagnosis plans must select items, methods and procedures for efficient and effective

inspections with a full understanding of the linked changes described in ltem ©.

@ Facilities subject to the Technical Standards have relatively complex structures and their
structural members are correlated with each other, and since various external factors act on
the structures, the occurrence and development of changes are complicated. Therefore, it is
desirable for reasonable maintenance to select inspectable changes that have a significant
impact on component performance as major changes in the state of the structure, and conduct
an inspection and diagnosis. The selection of major changes in state shall fully take account
of the linked changes, which are the progressive processes of the causes, occurrence and
effects of changes resulting in the performance deterioration of the facilities. Focusing on and
making an inspection and diagnosis of the most important linked changes is useful for

reasonable maintenance. Refer to Sakata et al.11) and Kato et al.12) for the linked changes.

(@ The implementation of planned and proper inspections and diagnoses based on the above-

mentioned concept of linked changes is essential to effectively detect changes which have
occurred at the facilities subject to the Technical Standards. The following constitute the

inspections and diagnosis of such facilities:

(a) Initial inspections and diagnoses: Performed to understand the initial maintenance state of
not only the facilities concerned as a whole, but also their members and ancillary equipment
at the completion stages of construction or improvement work, or at the preparation stages of
maintenance programs for the existing facilities. When inspections and diagnoses are
performed after the completion of construction or improvement work, the initial state may be
understood based on the results of quality inspections and workmanship inspections
performed at the time of completion, although it is preferable that they be performed within two

years after completion.

(b) Daily inspections: Performed to check routinely inspectable parts for changes in state and

to what degree.

(c) Periodic inspections and diagnoses: Performed to periodically check routinely
uninspectable structures and members including the details of changes in state and to what
degree. These tasks are classified into general periodic inspections and diagnoses and
detailed periodic inspections and diagnoses. The former are conducted on parts above sea

level, mainly through visual inspections or simplified measurement at relatively short intervals.
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The latter are conducted at relatively long intervals and their objects include the parts on which

the former are unpractical.

(d) General ad hock inspections and diagnoses: Performed to check the facilities for changes
and to what degree, mainly through visual inspections or simplified measurement at the earliest

possible stage at abnormal times after the occurrence of earthquakes or rough weather.

(e) Detailed temporary inspections and diagnoses: Performed when particular or unexpected
abnormalities are found from the results of periodic or general temporary inspections and

diagnoses.

@ In order to ensure objectivity, reliability and consistency of the inspection and diagnosis
results, items, methods, procedures and decision criteria of inspections and diagnoses must
be unified to some extent. Refer to the Guideline for Inspection and Diagnosis of Port Facilities
for these topics. Note that the degree of performance degradation should be evaluated by
comprehensively assessing the impact on the performance of the facilities, not routinely from
the number of results of degradation evaluation. Refer to the Guideline for Inspection and
Diagnosis of Cargo Handling Equipment at Ports for procedures and other items regarding

cargo handling equipment at ports.

(2) Periodic inspection and diagnosis time is determined appropriately based on the structural
units and criteria for determining the level of damage predetermined in the inspection and
diagnosis program according to type and structure. of the project. However, this should be
planned so that it is carried out at the same time, as far as possible, at one site, or so that the
same inspection and diagnostic items are carried out at the same time at multiple sites. to be

effective.

G.2.3 Comprehensive Evaluation
(1) General

(D Comprehensive evaluation is conducted based on the results of the inspection and

diagnosis, but the following actions are preplanned in the proposal of maintenance plan.
Evaluation of the degree of performance degradation of facilities indicates (a), while
comprehensive evaluation means judgement of the policy of facility maintenance based on (a)
and (b).

(a) Summarize the result of inspection and diagnosis of members and parts, and arrange and
evaluate what kind of abnormalities, such as damage and deterioration, are occurring and

developing (referred to as evaluation based on engineering knowledge and judgement).
(Examples of items to arrange)

[0 Occurrence condition of abnormalities (arranged from the viewpoint of quantity and spatial)
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[0 Progress of abnormalities (arranged from the viewpoint of severity by region and effects on

performance)
(Examples of items to determine)

[0 Urgency of maintenance and repair of abnormalities (degree of performance degradation of

facilities)
(Examples of items to assess)

[0 Occurrence condition of abnormalities in members and other components to which

Maintenance level | was set (— review the “proposal of maintenance plan”)

0 Gap between estimated deterioration and actual deterioration condition of members and
other components to which Maintenance level |l was set (— review the “proposal of inspection

and diagnosis plan”)

[0 Estimation of the cause of abnormalities in members and other components to which
Maintenance level Il was set (— countermeasures in operation of facilities based on the

estimated cause, elimination of estimated cause, etc.)

(b) Arrange problems for conducting maintenance and repairs to deal with and assess the
possibilities of a proactive response in terms of finance, usage, importance of facilities and
other factors, as well as alternatives when such responses are difficult such as due to
temporary actions or usage limitations (referred to as evaluation based on on-site

administrative judgement).

@ A tentative proposal for decision criteria indicated in the Guideline for Inspection and

Diagnosis of Port Facilities and the Technical Manual for Maintenance of Port Facilities 2) may

be referred to.

@ If the comprehensive evaluator (manager of the facility) is not the owner of the facility, it is

desirable for them to discuss a comprehensive evaluation as appropriate. The results of the
comprehensive evaluation should be promptly informed to the owner in order to receive their

opinion.
(2) Policy on the maintenance of facilities

@ Judge the necessity of maintenance and other work based on the results of the

comprehensive evaluation.

Maintenance work and other activities need to be properly judged from various viewpoints such
as the importance of the facilities, progress of abnormalities, economic efficiency, usage
situation of the facility to which measures are taken or the surrounding facilities. In addition to
maintenance and other work shown in Table G.2, the necessity for review of the follow-up

observation and inspection and diagnosis plan are judged if necessary.
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Table G.2 - An Example of Types and Details of Maintenance Work

Type of maintenance work, etc. Details of maintenance work, etc.

Repair Restore initial level of performance and durability

Reinforcement Improve performance and durability on or above the nitial level
Usage limitation (suspension)  |Limits on weight, velocity, lane, draft, etc.

Off-limits Completely off-limits, authorized personnel only, etc.

Renewal Renew if a renewal 1s more reasonable than repairs or reinforcement
Removal Remove when a facility or member is no longer required

@ Judge the following items when determining the policy of facility maintenance.

a) Emergency actions (determination of location and range of members requiring

countermeasures as soon as possible)

Actions to limit usage by using barricades and other devices to ensure user safety. Emergency

actions need to be accompanied with actions b) and c) below:

b) Temporary actions (determination of location and range of members requiring rapid

countermeasures)

Actions taken with alternative members, temporary restoration (e.g., repairing pot holes in
roads by filling them with stone materials, etc.), and alternative facilities to maintain the facility’s

function temporarily.

c) Planned actions (determination of location and range of members requiring systematic

countermeasures)

Fundamental measures to be taken to restore the facility’s mid- and long-term functions when
there are structural problems or measures to be taken to restore the functions in advance when

there are no current structural problems.
d) Follow-up actions (determination of timing, method, etc., of the next implementation)

Actions to judge the necessity for and conduct improvement of daily inspections, review of the
timing for the next periodic inspection and diagnosis, and changes to the inspection and

diagnosis items in order to follow and understand the abnormalities.
G.2.4 Maintenance and Repair Plans

Methods, timing and so on of predictable maintenance and repairs are preplanned in the
proposal of maintenance plan according to the maintenance level, while maintenance and
repair implementation plans (maintenance and repair plans) are developed from the results of
comprehensive evaluations based on the results of the inspection and diagnosis. This plan will
be modified each time as necessitated by the results of the comprehensive evaluations. Items

to consider and procedures to develop maintenance and repair implementation plans
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(maintenance and repair plans) for originally unpredictable abnormalities of facilities should be

clarified in advance in the proposal of maintenance plan.
G.2.5 Implementation of Maintenance Work, etc.

(1) If required, maintenance work and other activities are properly implemented based on the
results of comprehensive evaluations. When implementing maintenance and repairs, conduct
detailed investigations for the design, construct a scenario based on the performance
requirements and working life of the structure after maintenance and repairs, and select the
type and construction method of countermeasures to be applied to members. The
countermeasures should be determined considering the efficiency, economic efficiency and so
on for the construction of the applied method. For details regarding maintenance and repair,
manuals such as the Technical Manual for Maintenance of Port Facilities, the Manual for
Corrosion Control and Repair of Steel Structures in Ports and the Manual for Repair and

Design of Concrete Structures in Ports may be referred to.

(2) When considering countermeasures, and if abnormalities that influence safety of port users
are found, it is necessary to first take emergency actions to ensure the safety of facility users
and to assess detailed temporary inspections, diagnoses and actions aiming at subsequent
actions with those who have professional knowledge, technology and skills. Coordination with
users and others and recording and storing details and ranges of actions are needed when
taking actions. When emergency actions are taken, they shall be released after safe use of the
facilities concerned is ensured by way of temporary and planned actions. Fig. G.2 shows a
general flow of the concept for ensuring safety of port facilities in conducting maintenance

based on the maintenance program.

Maintenance according to Fig. G.2 must be restricted to the range of emergency actions; other

ranges even in the same facility are subject to planned maintenance.
G.2.6 Review of the Maintenance Plan

(1) If comprehensive evaluation is reviewed or maintenance work and other activities are
conducted in response to the results of the inspection and diagnosis, the maintenance plan
will be reviewed. It shall normally include review by the owner of the facility and discussion

with the manager of the facility.
G.2.7 Professional Engineers

(1) Professional engineers having knowledge and skills at least need to complete training and
courses to acquire the necessary knowledge or gain the equivalent abilities, and are preferably
professional engineers (construction) or have private qualifications registered with the Ministry

of Land, Infrastructure, Transport and Tourism’s Registered Engineer qualification system.
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(2) If a person who makes decisions for the maintenance program and other programs for the
facilities concerned has ample work experience in maintenance of the facilities subject to the
Technical Standards and has professional knowledge and skills, there is no need to get other
professional opinions, but this person may develop a maintenance or other program and carry
out the items defined in the program. Otherwise, it is desirable to utilize the abilities of

contracted persons or institutions that can properly serve to develop a maintenance program.

Periodic inspections and General temporary

Daily inspections A . . -
¥ nsp diagnoses inspections and diagnoses

Abnormalities compromis-
ing user safety

Take emergency actions
(in a large area around the abnormalities)

v

Ensure short-term safety for use of the
facilities by taking temporary actions

!

Detailed temporary inspections and
diagnoses

v

Release emergency actions at a range where
safe use is ensured

v

Comprehensive evaluations (including

assessment of the cause of the abnormalities)

Determine a policy on Follow-up actions

maintenance of the facilities

Planned actions

X A
Determine timing, methods and other factors
regarding inspections, etc.

Ensure mid- and long-term safe use of the facilities

!

Release emergency actions

I

v

Review the maintenance program (including recording
and storing the range and details of the actions)

3
L

Y
Conduct maintenance based
on the maintenance program

Fig. G.3 - General Flow of Concept for Ensuring Safety of Port Facilities in Conducting
Maintenance Based on the Maintenance Program
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Annex H

Fundamentals of the Reliability-based Design Method
H.1 Summary of the Reliability-based Design Method
H1.1 General

“Structure reliability” is defined broadly as “the ability for structures to satisfy the required
design performance during a specific period,” and, in a narrow sense, as “the probability that
structures do not reach the limit state during their working life.” On the other hand, since failure
probability is “the probability that structures reach the limit state during their working life,” the
failure probability and reliability are related as “failure probability = 1.0 — reliability.”1) This leads
to an understanding that reliability analysis is “a method to quantitatively describe the
uncertainty of individual basic variables related to the performance of structures based on the
probability distribution, and calculate the failure probability based on probability theory.” The
reliability-based design method can be called “a design method to determine how to design

based on the result of reliability analysis.”

“Technical Standards and Commentaries for Port and Harbour Facilities in Japan (2007)”
adopted the reliability-based design method at a full scale. The reliability-based design method
has been adopted worldwide by the Structural Eurocodes (a European uniform standard) and
by the AASHTO (a leading design standard in North America), among others. It should be
noted that international standards such as “ISO 2394: General principles on reliability for
structures” also apply the reliability-based design method a standard design method2), and it
is currently recognized as the only method that can reasonably treat various uncertainties

unavoidable in structural design.

This book also describes the reliability-based design method as a representative performance
verification method. This chapter describes general ideas and technical details regarding the

reliability-based design method in the context of this book.
H.1.2 Classification of the Reliability-based Design Method
(1) Level 3 Reliability-based Design Method

A reliability-based design method for directly calculating failure probability using a probability

calculation based on the probability distribution of each basic variable.
(2) Level 2 Reliability-based Design Method

A reliability-based design method for evaluating the reliability index B using a probability
calculation based on the average, distribution, and covariance of each basic variable (not
dependent on the probability distribution), and evaluating performance so that 8 is equal to or

exceeds the limit value.
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(3) Level 1 Reliability-based Design Method

A reliability-based design method for deterministically verifying performance by introducing
some partial factors to the performance verification equation and substituting the equation with
characteristic values for the basic variables in order to ensure a safety margin. This is also
called the “partial factor method.” The partial factor is determined with the level 3 or 2 reliability -

based design method, which is called the “code calibration.”
H.2 Basic Concept of Failure Probability and Target Safety Level
H.2.1 Notes on Reliability Analysis

With progress being made in research on the reliability-based design method, the classification
and interpretation of various uncertainties concerning design and the quantification of such
uncertainties (estimation of probability distribution) due to limited available data are being
recognized as significant problems, especially when dealing with naturally-derived materials
such as external forces and ground, as well as errors in modeling. Based on the above, the
reliability analysis can be understood as “a method to methodically sort and systemize different
factors regarding uncertainties related to the performance of structures, statistically quantify
individual factors of uncertainties, and calculate the failure probability according to the

probability theory.”

On the other hand, organization of individual factors of uncertainties and their adequate
statistical quantification may not always be possible in actual reliability analysis. Specific

reasons are exemplified below:
(1) Difficulties in the Classification of Uncertainties

Literature on traditional structural reliability analysis classifies factors of uncertainties in

structure design as below?2):

(D Spatiotemporal variation of external forces acting on structures, mechanical properties of

materials, and physical quantities such as geometric shape.

(2 Statistical estimated errors due to the estimation of uncertainties in physical quantities from

samples.

(® Errors in modeling due to the simplification and idealization of design calculation models.

Errors in modeling are generally defined by the following equation:

@ Conversion errors when converting results from different surveys to physical quantities

directly necessary for design.

However, quantification of uncertainties as in the above classification may not necessarily be

possible since actual analysis of uncertainties produces a variety of uncertainty-related data
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from individual structures. It may be difficult to individually extract these uncertainties in many

cases and often only multiple uncertainties can be estimated.

For example, a traditional design method may be able to estimate uncertainties in the whole
design method using a full scale experiment or examples of damage, even if it is unknown how
the factors of uncertainties in individual basic variables contribute. In some cases, uncertainties
may also be suspected to have been double-counted or missed. Proper engineering
judgement, including sorting data, by applying comprehensive knowledge of structure design
and considering details regarding the acquired data is needed in specific aspects of each

reliability analysis.
(2) Difficulties in the Quantification of Uncertainties

The quantification of uncertainties always requires estimation using some statistical data.
However, these data always have inherent qualitative and quantitative problems. Restriction
in the number of data and uneven distribution of many collected data ranges require close
attention to statistical analysis for the quantification of uncertainties, while there are
unavoidable limitations. In some cases, certain factors make it impossible to quantify
uncertainties based on data, which forces quantification based on an experienced engineer’s

expert judgement.

H.2.2 The Concept of Failure Probability as an Absolute Criterion of Structural Reliability
in This Standard

The reliability analysis has many problems as mentioned above in stages prior to probability
calculation based on the probability theory, and the degree also differs by the target problem.
Thus, it may be doubtful if uncertainty, or the failure probability, built upon certain assumptions
is an absolute criterion of structural reliability. This is the reason why this Standard considers
that comparisons of failure probabilities between different kinds of structures and making
judgements by overestimating failure probability as an absolute criterion should be withheld at

this time.

On the other hand, it was understood that the relative comparison of reliability analyzed by
similar methods based on homogeneous data was effective, so a performance verification
method was constructed in this book. This implies that making comparisons of failure

probabilities of structures of the same type is effective to a considerable degree.
H.2.3 Main Methods to Determine a Target Safety Level
A target safety level is mainly determined using the following three methods:

(D Setting a similar reliability level of a structure designed by existing design standards as the

target safety level.

© Setting the target safety level by comparing it to different background risks.
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(@ Setting by optimizing economic indices such as life cycle costs and expected costs.

(1) Currently, method D is often used because structures designed using existing design

standards usually already have long performance records, and thus, the reliability of such

structures is considered to have been socially recognized.

Moreover, the fact that there is no sufficient confirmation if the value of reliability obtained by
current reliability analysis is meaningful in every case, as an absolute criterion of reliability is
considered to be another reason why many calibrations are done using this method. By
contrast, a relative comparison of the reliability of homogeneous structures is considered to be
sufficiently meaningful. The level of reliability of homogeneous structures is generally equalized

with the code calibration in this method.

(2) Method @ using background risk is utilized for different policymaking based on risks in
many areas. Proper setting of environmental limit values of chemical substances is the typical
example9). This method intends to determine the target safety level of structures by referring
to various risks of events existing in society. Examples of degrees of risks existing in society

are summarized in Honjo et al.

(3) Method @), which intends to minimize so-called expected total costs (construction cost plus

expected failure cost, which is obtained by multiplying damage, including social costs when
the structure fails, by the failure probability), appears to be reasonable11). However, as there
are many problems such as accuracy of failure probability as an absolute criterion, cost
estimation when failed, and forecasts of socioeconomic changes within the working lives of
structures, this method seems to pose many problems for actually calculating the target safety

level at this time.

(4) The target safety level may be set after evaluating it as the system reliability for multiple

limit states of structures.

This method, for example, evaluates system reliability as the reliability of a serial system12)
after calculating the failure probability using the failure mode of sliding, over-turning, and
bearing capacity at a gravity-type wharf. In this case, the whole system is considered to fail if
either of the above failure modes occurs. However, the impact the limit state of each failure
mode gives to the performance (stability) of the whole structure can differ by failure mode, and
there is a possibility that the conventional design method (safety factor method) has also taken
this into account when considering a safety margin. Consequently, this book considers that
reasonable partial factors can be set by conducting calibration targeting reliability of current
design methods for each limit state rather than mechanically calculating the system reliability.
This book, therefore, does not take account of system reliability when setting the target safety

level.

H.2.4 Setting Processes for the Target Safety Level in This Standard
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The “Technical Standards and Commentaries for Port and Harbour Facilities in Japan (2007)”
fully introduced the reliability-based design method as a performance verification method. As
stated above, classification and organization of factors of uncertainties as a basis are important
in reliability analysis. When presenting a verification equation using partial factors regarding
the structural form and the failure mode on which the reliability was analyzed in this book, close
investigation of factors of uncertainties included in the failure mode and so on, which are
conceivable at this time in reliability analysis, led to a review of everything including the target
safety level in the reliability analysis. As for the reasoning behind these settings, see the
references listed in the “Facilities” section. Fig. H. 1 below shows a basic flow up to the setting

of partial factors.

1. Overview and review of the safety level
» Comparison between criteria (the 1999 Criteria and the 2007 Criteria)
* Review of target safety levels (as required)

2. Reliability analysis utilizing the Monte Carlo simulation
* Calculation of the failure probability
« Setting of a target failure probability (by failure mode)

3. Setting of partial factors in the load and resistance factor design
» Comparison and examination of partial factor formats

+ Evaluate conformance to target failure probability and effect to design
result (including convenience), and adopt a partial factor format which
requires as few partial factors as possible.

Fig. H. 1 - Basic Flow up to the Setting of Partial Factors Applied in This Book

H.3 Adoption of a Load and Resistance Factor Design for the Level 1 Reliability-based
Design Method

H.3.1 General

The form of performance verification equations adopted in this book (a.k.a. “format”) is a partial
factor method based on a load and resistance factor design (hereinafter called the “load and
resistance factor design”), which is different than the partial factor method based on a material
factor design adopted in the “Technical Standards and Commentaries for Port and Harbour
Facilities in Japan (2007)" (hereinafter called the “material factor design”). This section
describes the differences between these formats and concepts, and the reasons why the load

and resistance factor design was finally adopted.
H.3.2 Partial Factor Method

Here, the material factor design and the load and resistance factor design are defined as
follows, respectively. The term “partial factor method” collectively indicates both approaches
and may be understood as being synonymous with the level 1 reliability-based design method.

For details, please refer to Honjo et al10),13).
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(1) Partial Factor Method Using a Material Factor Design

A material factor design is a performance verification method constructed with the concept of
processing different uncertainties in performance verification at their sources. It features the
introduction of many partial factors and processing of uncertainties in proximity to their sources.
For example, it evaluates a design value by multiplying a characteristic value of each material
by a partial factor, then substitutes the design value into the performance verification equation

to verify the performance.

R( 71X 15+ YonXoions Vars > Vo ) 2 S (VerXaxrs s Y emXstoms Vst Y ) (1.3.1)

where

v i : partial factor to multiply characteristic value x«i (a basic variable on the resistance side)
v si : partial factor to multiply characteristic value xs«i (a basic variable on the load side)

These partial factors are applied considering physical uncertainties inherent to materials and
loads and statistically estimated errors. yri and ysi' are partial factors applied to the modeling
errors, redundancy, and vulnerability in design calculations. Partial factors are adjusted to
ensure a safety margin finally necessary for structures. Note that the material- or load-related
basic variables substituted into the performance verification equation in the material factor
design are not characteristic values before being multiplied by a partial factor, but are values

already multiplied by a partial factor (called “design values”).
(2) Partial Factor Method Using a Load and Resistance Factor Design

A load and resistance factor design (LRFD) is a design concept that ensures a safety margin
during performance verification by applying a partial factor to multiply a resistance value
calculated based on a characteristic value. The load side introduces a partial factor to multiply
the corresponding load value and increases the load. The LRFD often integrates resistance

values, but a format to divide into several terms similar to the load side is also proposed.

Here, these two forms are described together:

}/RR('\'M----“"Av: ) > Z}/sy Sj C (1.3.2)

J

Jr (;/R1 Ry (%o "X pk ).tees Vr, R, (X X pk ) ) 2 fs ( 7s, Sy (X *Xpk ). 7s, S (Xt "X pk )) (1.3.3)

where

v r OF YRi : partial factor to multiply a resistance value (hereinafter “resistance factor”)
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v si : partial factor to multiply a load value (hereinafter “load factor”)
R or Ri : resistance value
Si : load (effect) value

In this way, the LRFD is a performance verification method that ensures a safety margin by
calculating the resistance side as functions (simple addition in many cases) of (characteristic
values of) several resistance values, multiplying each term by the resistance factor, and

combining load factors.

The format of performance verification equations of equations (1.3.2) and (1.3.3) shown here
looks slightly different from the equation shown in the “Common” section, but they are
inherently the same. In other words, this book indicates that performance verification using the

partial factor method may usually be conducted with the following equations (1.3.4) to (1.3.6):

(s,
mx| y,—=|<1.0 1.34
% (=9
S; =1 ( Vs, Spesters Vs, S, ] =/ ‘(:”s: Sy (e Aok RN Vs, S (X Yok )) (1.3.5)
Rd = f ( :/x.‘ Ru- 2R, R,,_.;( ] = f (.ayxl Ru (-\.u_ PR ) RIS Yz, Ru.-i- ("‘.u PR )) (l .3‘.6)

where
Sq : design value of a response value
Rq : design value of a limit value

v i : partial factor to consider the significance of structures, social influence when the limit state

is reached, etc. (structural factors). Unless otherwise specified, yi = 1.0 and is not described in
this book.

m : adjustment factor (a value corresponding to the allowable safety factor in the traditional
safety factor method or allowable stress method/working stress design. Equivalent to what was

processed by the structural analysis factor in the 2007 version.)

Sik : characteristic value of an effect of actionj (j =1..n)

v sj - partial factor to multiply a characteristic value Sj of an effect of action j

Si () : equation to calculate a characteristic value Sjc of an effect of action j

R : characteristic value of resistance (strength) j (j = 1..m)

v Rrj : partial factor to multiply a characteristic value Rj of resistance (strength) j

R; () : equation to calculate a characteristic value Rj of resistance (strength) j
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Xk : characteristic value of a basic variable x; (j = 1..p)

If a partial factor is determined by calibration based on a reliability analysis, adjustment factor

m = 1.0 and usually y; = 1.0. In this case, equation (I.3.4) coincides with equation (l.3.3).
H.3.3 Merits and Demerits of a Partial Factor Method Using the Material Factor Design
The merits of a material factor design over a load and resistance factor design are as follows:

(D Processing uncertainties at their source is intuitively reasonable.

@ Because each uncertainty is processed at its source, the performance verification equation
can be adapted to different situations by aligning the partial factor corresponding to the item
where individual uncertainty changes. Practically, when a new construction method or
technology is adopted, items concerning their reliability can be rapidly adjusted by aligning

factors.

However, current knowledge hardly makes it possible to explain uncertainties in design as
accumulated factors of individual uncertainties in the design of many structures. Adjusting

uncertainties at their source could be unreasonable because:

(D Not all uncertainties have been clarified individually and quantitatively.

@ Uncertainties for the whole design method could be quantitatively understood if a load test

or a failure example exists. However, it would be extremely difficult to divide the entirety of the

uncertainties into individual factors and quantify them.

@ If a structure’s behavior is forecasted with a design value adjusting a characteristic value by
a partial factor, behavior deviating from the most plausible behavior of structures will increase.
In designing structures (especially ground structures), it is recognized that the designer’s
engineering judgement is important, and they should design in principle by tracing the most
plausible behavior of structures as much as possible up to the final design stage so that such
judgements can soundly function. However, the material factor design is opposed to this

principle.

H.3.4 Merits and Demerits of the Partial Factor Method Using a Load and Resistance

Factor Design

The merits of a material factor design are demerits of the load and resistance factor design,

and vice versa.

(D Designers can trace the most plausible behavior of structures up to the final design stage
using a load and resistance factor design which calculates design based on the characteristic
values of basic variables. This conforms to the principle that designers should trace the most
plausible behavior of structures as much as possible up to the final design stage so that their

engineering judgement can soundly function.

95



(Draft)

@ When designing ground structures which intricately interact with the ground, a reduction of

basic variables, such as in the material factor design, does not necessarily act on the side of

safety for the structural design.

@ If uncertainties regarding the design calculation model are obvious from examples of failures
with full-scale structures, or from a database of test results in conditions close to the behavior
of full-scale structures, the uncertainties are those which, as a whole, reveal many intervening
factors of uncertainties. Uncertainties found in the behavior of existing structures can be
realistically sought by introducing uncertainties obtained from these data. What can be
determined based on these data is the resistance factor applied to calculated resistance

values.

@ The load and resistance factor design is closer to the verification form of the safety factor
method or allowable stress method/working stress design, which practitioners have become
more accustomed to than the material factor design, and which feels more familiar once

introduced.

H.3.5 Reasons for the Adoption of a Partial Factor Method Using a Load and Resistance

Factor Design

The partial factor method using the load and resistance factor design has been adopted as a
format of partial factors in this book because the merits for the load and resistance factor
design are currently considered to be better than those for the material factor design as a
format of the partial factor method in the performance verification equation for structures after

organizing the pros and cons of both designs.

In particular, this is because the load and resistance factor design is a performance verification
method with which a designer can trace the most plausible behavior of a structure as much as
possible up to the final design stage. Furthermore, individual uncertainties in design are not
necessarily obvious at this time, so uncertainties as a whole design method should be clarified

by future data acquisition.

Note that the level 1 reliability-based design method is a convenient way to take account of the
“‘economy of design” of standard structures (for efficient design). It is also possible to use the

level 3 reliability-based design method directly for especially important structures.
H.4 Theory of Reliability Analysis
H.4.1 Failure Probability and Reliability Index

This section provides a simple explanation of the probability theory and terms necessary to

understand the reliability analysis.

Fig. H.1 shows a plane consisting of two random variables (action S and resistance R) and the

condition of probability distribution on this plane. The function showing the probability

96



(Draft)

distribution of the two variables is called the “simultaneous probability density function” and is
represented by frs(r, s). The probability theory defines the sum of probabilities that all events
occur as 1,0, so the volume of the bell-shaped simultaneous probability density function shown
in Fig. H.1is 1,0.

The reliability analysis uses a performance function g(R, S) which divides the S-R plane into a
non-destruction range and destruction range, and defines the limit state plane as a plane when
the function is 0. The non-destruction range and the destruction range correspond to positive
values of g(R, S) and negative values of g(R, S), respectively. g(R, S) is denoted Z (Z = g(R,
S)). In this case, the failure probability calculates the volume of the simultaneous probability
density function of the hatched area in Fig. H.1. Here, we explained it using a reliability analysis
problem composed of two variables that can be drawn, but the same explanation essentially
applies to cases where the probability space and the performance function composed of

multiple variables are introduced.

Jas(r; )
4

Fig. H.2 - Conceptual Diagram of Failure Probability Calculation

Fig. H.2 shows the same concept as in Fig. H.1 with a slightly different representation. Fig. H.2
represents the bellshaped simultaneous probability density function with contours and
simplifies the performance function Z = g(R, S) to a linear function R-S. The limit state plane
separating the non-destruction range from the destruction range forms a positive 45-degree
line from the origin. Because Z = R-S, a probability density function of the safety margin Z,
shown in the figure, can be obtained when showing the volume of the simultaneous probability

density function at Z = z on the Z axis in a direction perpendicular to the limit state plane as
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shown in Fig. H.2. The failure probability is also the area where Z is not positive in the

probability density function.

sh

R<S
Destruction range

S5<R
Stable range

Fig. H.3 - Probability Density Function of the Safety Margin When the Performance
Function Z = R-S

The average and variance of the safety margin Z are uZ = yR - uS and 0Z2 = oR2 + 0S2,
respectively, where the average of R is UR, the standard deviation is oR, the average of S is
MS, and the standard deviation is 0S. Fig. A.4.3 shows the probability density function of the
safety margin Z in a different way. A reliability index B may be used instead of the failure
probability Pf in the reliability-based design method. This reliability index is defined as follows

using the average and variance of the safety margin:

or M, = po, (1.4.1)

The reliability index B is a scale to show the magnitude of margins that the average of the
safety margin has over its standard deviation. Moreover, 3 can be directly connected to the
failure probability Pf and is given in the following equation if the safety margin Z is normally
distributed.

P, =®(—f) =1-D(p) (1.4.2)

Here, @ is a standard normal probability distribution function and 3 and Pf have the relationship
shown in Fig. H.4 and Table H.1.
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Fig. H.4 - Distribution of the Safety Margin Z and the Reliability Index 8
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Fig. H5 - Relationship between the Reliability Index 8 and the Failure Probability Pf

Table H.1- Relationship between the Reliability Index 8 and the Failure Probability Pf

Py 10" 5x 107 107 107 10 107 10¢
p 1.28 1.64 2.32 3.09 3.72 4.26 4.75

H.2 Calculation Method of Partial Factors with the Design Value Method and Notes

The code calibration to determine an actual partial factor value must take account of the

following points irrespective of the format relating to the partial factor.

(D There are many non-unique combinations of factors to secure structure reliability.

@ It is difficult to find a combination of factors that gives neither too much nor too little reliability

under any conditions since even structures of the same type are designed under different
conditions.
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(D means that many combinations of partial factor values are possible because some partial

factors are going to secure a safety margin which only one factor (safety factor) secured in the

past.

@ means that, for example, it is very difficult to secure uniform reliability with a combination of

partial factors having the same value for quay walls of different water depths when considering

reliability of gravity-type wharves.

The basic concept of the design value method is a proposed method to resolve the problem
(D above and determine a partial factor value used in the level 1 reliability-based design
method. The basic concept of the design value method determines factors concerning all load
values and resistance values, or all basic variables in relation to the design points and
characteristic values. Design points in this context indicate points having the maximum
likelihood (the maximum product of probability densities of basic variables) among points on
the limit state plane (a plane the performance function of which is zero) in a space composed
of load values and resistance values. Fig. H.5 shows design points (S(x*), R(x*)) on the plane
composed of load values S(x) and resistance values R(x). Therefore, it may be said that the
design point is the point most plausible to reach the limit state among combinations of load

values and resistance values on the limit state plane.

The design value method determines the load factor yS and the resistance factor yR using the
following equation after determining the design point for structures having the target reliability

as a reference point.

LS . _Rx")
7s S(x,) = A(x&) (1.4.3)

where xk indicates the characteristic value vector of the basic variable.

The design value method generally takes into account many cases that adequately cover the
range of load specifications and ground conditions to which the design method is considered
to be applied in code calibration. Then, load factors and resistance factors are evaluated by
the design value method, and a partial factor which satisfies the given reliability for most of

them is determined by soundly utilizing engineering judgement.

The design value method can also be considered a practical method to resolve the problem
(D above. Therefore, it does not resolve the problem @) above, and in some cases, it may be
a cross section of a level higher than the specified target safety level when calibrating codes
concerning partial factors in this book, although the applicable conditions are sufficiently taken
into consideration. As a result, note that there is an option in which a designer evaluates
reliability by directly calculating the failure probability using the level 3 reliability-based design

method as appropriate.

100



(1.0-Bras Vs)/‘s\

Hs —*

(Draft)

y 7, §)=0 Stable range
Destruction range 80 5) g

Design point

Characteristic value

Contour lines

i v of fas(r; )
i -
/ : R
(1.0-BrorVr) ur Hr
Fig. H.6 - Conceptual Diagram of the Design Points

H.4.4 Simple Calculation Theory of Partial Factors

The basic concept of the design value method has been explained above. Application of this

method as it now requires repeated design calculations to determine design specifications that

satisfy the target reliability under each design condition. In contrast to this, a method is

proposed to determine an approximate partial factor without repeated design calculations. In

particular, the following equation gives a load factor and resistance factor in the simplest case

where the performance function is Z = R-S.

{ .
V= ;_R( 1.0- ﬂraﬁ-l'}z )

[,

'/S =

L 1.0~ pap,)

S

K

where

MR : average value of R

or : standard deviation of R
VR : variation factor of R

Ms : average value of S

Os : standard deviation of S

Vs : variation factor of S

(1.4.4) (1.4.5)

R« and Sk are named for each characteristic value, BT is the target safety index, and aR and

aS are sensitivity factors, and are defined as follows:

6)
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Equations (1.4.4) and (1.4.5) easily give a partial factor for any target safety index without
finding a cross section which has the target safety reliability by repeated design calculations.
However, note that this is a relationship that assumes that the sensitivity factor does not vary
even when the target safety level varies to a certain extent. Moreover, instead of using this
technique, this book calculates partial factors using the Monte Carlo simulation shown below.
All basic variables in the design value method are linear and are exact solutions when normally
distributed, but are otherwise approximations. Details regarding these solutions are described

in general textbooks on structural reliability, etc.
H.5 Monte Carlo Simulation (MCS) as a Tool for Reliability Analysis
H.5.1 Advantages of Using the MCS

Structural engineers, among others, began a full-scale study of reliability analysis and
reliability-based design method in the 1960s. Computers were still in their infancy, and
streamlining the probability calculation through complex structural calculations was a major
challenge. However, advances in computers and enormous progress made in random number
generation methods made it possible to calculate probabilities using the Monte Carlo
simulation (MCS). The MCS also has an advantage in that the calculation itself is intuitive.
Reliability analysis in this book was conducted using the MCS according to the following

general procedure:

(D Generate basic variable values (random numbers) constituting the performance function

according to the probability distribution to which their variables conform.

@ Calculate the performance function Z using the acquired combination of random numbers

to evaluate if structures exceed the limit states concerned.

(@ Conduct the above evaluation many times and obtain a failure probability by dividing the

number of Z < 0 evaluations by the number of all trials.

As seen from this procedure, a reliability analysis using the MCS has many advantages such
as easily understandable failure probability calculations, executable only with basic knowledge
of probability calculation, and relatively hasslefree programming for probability calculation, and
thus easily avoidable miscalculations of probability since it calculates deterministic

performance functions multiple times.

Fig. H.5.1 shows a result of the MCS analysis of stability against sliding of permanent state,
gravity-type wharves. Although this MCS takes into consideration seven basic variables, the
figure plots the total value (load value) of the calculated action side and the total value
(resistance value) of the resistance side. The total number of trials is 500,000 and the
estimated failure probability is 1.10 x 10-1 (=54,921/500,000).

H.5.2 Setting of Partial Factors by the MCS
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Calculation of partial factors using the MCS based on the design value method is relatively
easy. Specifically, search for a design point with the highest likelihood among the points
generated by the MCS and sufficiently close to the limit state, and calculate a partial factor with
equations (1.4.4) and (1.4.5) using a characteristic value.

Refer to Reference 14), which describes in detail an example of the calibration of load factors

and resistance factors using the concept of design value method using the MCS found in this
book.
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Fig. H.7 - Example of MCS Results of Sliding at Gravity-type Wharves
H.5.3 Trial Times of the MCS

Significant progress in computing speed is one of the reasons why the MCS is frequently used
for probability calculation. Dramatic progress in the generation method of uniform random
numbers, which is a source for the generation of random numbers conforming to different
probability distributions, also contributed to the use of the MCS. For example, Mersenne
Twister, a current standard feature in computation languages such as R, MATLAB, and C++,
and developed by Makoto Matsumoto and Takuji Nishimura (1998), is characterized by a very
long period (219937-1) and high speed generation, and provides a highly reliable random
number generation environment for the MCS in reliability analysis. Many standard computation
languages functionalize random number generation according to different kinds of probability

distributions and users can effortlessly obtain useful and highly reliable random numbers.

The number of MCS trials required for executing stable MCS is an important problem. One

example of classical MCS literature, Rubinstein (1981)15), deals with this problem using basic
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probability theory. These results suggest that ensuring 50 to more than 100 samples in the
destruction range is considered to be a guide for MCS trials necessary to evaluate stable failure
probability. In other words, evaluation of a failure probability around 10-3 needs no less than
approximately 105 MCS trials, and around 10-4 needs no less than approximately 106 MCS
trials. It is also important to confirm that the failure probability converges as the number of trials

increases.

Focused sampling is a typical method among several MCS methods proposed to efficiently
estimate low failure probability. However, different characteristics of such methods require
sufficient consideration of the nature of the problems before application. Low failure probability

also needs to fully take account of the engineered significance of computed probability.
H.5.4 Other Supplementary Notes

Some basic variables comprising a performance function may be dependent and correlated.
For example, wave power and wind power acting on offshore structures are considered to have
a strong correlation 16). These instances require generation of random numbers considering

the correlation between the basic variables generated. For such methods, refer to References.

Random fields such as these need to be generated for reliability evaluations concerning
inhomogeneous continuums modeled by random fields, such as ground, in particular. For an
overview of typical methods and methods for reliability evaluations using easy modeling,
Honjo, Otake, Kato (2012), Otake, Honjo (2012), and their references are useful.17),18)
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Appendix |
(Regulations)
Method for verifying performance of materials and structural members according to
OCDI 2020

1.1.1 Verification Method of Structural Members
(1) Verification of Safety of the Structural Members

The verification of safety of the structural members shall determine the verification indices
considering the type of structural members, material properties and other factors, and shall

compare their responses to their limit values.
(D Veerification of cross-sectional failure

Cross-sectional failure shall be verified by confirming that the value obtained by multiplying the
ratio of the design force resultant Sq to the design cross-sectional force Ry by the structure

factor yiis 1.0 or less.

¥iSa/Rq <1.0 (1.1)

The design force resultant Sy can be obtained by calculating the force resultant S (S is a
function of Fq) using the design load Fq4, and then summerizing values of multiplying S by the

structural analysis factor va.
Sd - Zdlas(]'zf) (I 2)

The design cross-sectional force Rd can be obtained by calculating the resistance R (R is a
function of fq) of the member cross section using the design strength fq4, and dividing by the
member factor vp.

R, = R(fd )/}’b (1.3)

@ Verification of fatigue failure

Fatigue failure shall be verified by confirming that the value obtained by multiplying the ratio
corresponding to the value dividing the design fatigue strength f.q of the design variable stress
ord by the member factor y, by the structure factor y;is 1.0 or less.

}’?O-iﬂ /(fm' yb ) . 10 (|.4)

The design fatigue strength f4 shall be the value obtained by dividing the characteristic value
of the material’s fatigue strength f by the material factor ym. The fatigue failure may also be

verified by confirming that the value obtained by multiplying the ratio of the design fluctuating
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cross-sectional force S.q to the design fatigue resistance R4 by the structure factor yiis 1.0 or
less.

]'1 Srd /Rm’ = 10 (|5)

The design fluctuating cross-sectional force S shall be the value obtained by multiplying the
fluctuating crosssectional force S«(F:4) obtained by using the design variable action Frd by the
structural analysis factor y.. The design fatigue resistance R shall be the value obtained by
dividing the member’s cross-sectional fatigue resistance R.(f.q) obtained by using the material’s

design fatigue strength fq by the member factor ys.
(2) Verification of Serviceability of the Structural Members

The verification of serviceability of the structural members shall determine the proper
verification indices such as stress, cracks, displacement and deformations while considering
the type of structural members, material properties and other factors, and shall compare their

responses to their limit values.

When the serviceability concerning damage to the structural members is verified by examining
their displacement and deformation, confirm that the value obtained by multiplying the ratio of
the design response &4 of displacement and deformation occurring to the structural member to
the design limit value &, of displacement and deformation by the structure factor yi is 1.0 or

less.

The design response &4 shall be obtained by calculating the response & (0 is a function of Fq)
using structural analysis and the design action F4, and then summerize values of multiplying &

by the structural analysis factor va.

The design limit value &, must be set according to the service objective or function of the

structural members.
I.1.2 Examination of Changes in Performance over Time

(1) The performance of structural members must not fall below that which is required due to
the degradation of materials during the design working life, etc. Thus, changes in the
performance of members over time shall be examined as appropriate while considering the

maintenance level set to the structural members.

(2) Changes in the performance of structural members over time shall be examined by
confirming that no or slight damage over time occurs, such as the corrosion of steel materials

and deterioration of concrete due to environmental actions.
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(3) Changes in the performance of concrete members, steel members or composite members
over time shall be basically examined according to the methods described in each section of
this Chapter.

1.1.3 Partial Factors

The partial factors listed in Table 1.1 can be used for the verification of structural members.
This table presents standard values for the partial factors; other methods may be used when
appropriate for determining the partial factors.

Table 1.1 List of Partial Factors

Partial factor Cross-fsectional Fatigue failure Other
failure
Material Concrete 1.3 1.3 1.0
ateria » »
factor iiﬁg:;“g bars and PC steel 1.0 1.05 1.0
o Other steel members 1.05 1.05 1.0
Permanent actions 1.0-1.1 1.0 1.0
(0.9-1.0)
Variable actions
Load factor Wave force 1.2 1.0 1.0
vr Actions other than wave 1.0-1.2 10 10
force (0.8-1.0)
Accidental actions 1.0 - -
Actions during construction 1.0 - -
Structural analysis factor Va 1.0 1.0 1.0
Member factor Vb 1.1-1.3 1.0-1.3 1.0
Structure factor Vi 1.0-1.2 1.0-1.1 1.0

Note 1: The figures in parentheses in the table are applied when a smaller action results in a large risk.
Note 2: The values below may be used for the member factor when examining cross-sectional failure:
* When calculating bending and axial force: 1.1

* When calculating the maximum value of axial compressive force: 1.3

» When calculating shear capacity carried by concrete: 1.3

» When calculating shear capacitycarried by shear reinforcing bars: 1.1

Note 3: Since variations in the fatigue damage accumulated so far in the existing structural members need to be
considered in designs for improvement, the member factor is set to an adequate value between 1.0 and 1.3 when

examining the fatigue failure.

Note 4: When examining cross-sectional failure, the following values may be used as the structure factor:
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Permanent Variable Accidental
situation situation situation
Superstructure of piled Slab 1.2 1.2 1.0
piers Beams 1.1 1.1 1.0
Breakwaters 1.0 1.1 1.0
1.1
Quay walls (caissons, etc.) 1.0 (only during 1.0
earthquakes: 1.0)
Other (sheet pile superstructures, etc.) 1.0 1.0 1.0

1.2 Concrete
1.2.1 Basic Policy for Performance Verification

(1) The verification and other items regarding the structural performance of reinforced concrete
members and prestressed concrete members comprising port facilities are described in this
section. This section can also be applied to similar members such as non-reinforced concrete

members while considering their characteristics.

(2) Title 1.1.1 “Method for Verifying Structural Parts” is for members and other components that
is constructed according to the specified method and precision using materials selected
according to TCVN 11820 — 3- 2019 Requiremwnts of Materials and Standard Specifications
for Concrete Structures [JSCE: Standard Specification for Concrete Structures, Construction,

2018'9)) and other documents.

(3) When verifying the performance of concrete members, Standard Specifications for

Concrete Structures’®) may be complied with for methods not described in this section.
1.2.2 Setting of Basic Cross Sections and Characteristic Values

(1) The cross sections of structural members need to have specifications conforming to the
performance criteria of the facilities concerned and shall follow the details of structures shown

mentioned in 1.2.6 Structural details below.

(2) Characteristic values used for performance verification can be determined following the
descriptions in ©® or in related documents. The standard design strength can be the
characteristic value of the compressive strength of concrete. The lower limit can be the

characteristic value of the tensile yield strength and tensile strength of steel members.

(3) Cross-sectional force (bending moment, torsional moment, shear, axial force) applied to

structural members is generally calculated by elastic analysis.
1.2.3 Verification Methods of Members
(1) Verification of Safety

Safety of the concrete members shall be verified using cross-sectional failure and fatigue

failure as indices.
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(D Verification of cross-sectional failure

(a) Design cross-sectional force for the bending moment and axial force can be calculated in
accordance with Standard Specifications for Concrete Structures (JSCE: Standard

Specification for Concrete Structures, Design, 2018 ')

(b) Design cross-sectional force for shear can be calculated in accordance with Standard
Specifications for Concrete Structures while considering the type of beam members, plane

members and other members and shear properties.

[0 Since shear failure of a beam member can occur by diagonal tensile failure mechanism and
shear compression failure mechanism, these conditions need to be taken into consideration
when calculating the design cross-sectional force. Which failure node will be taken can

generally be determined from the span and height ratio of a member.

0 If a plane member is subject to out-of-plane shear, the shear force needs to be calculated in
accordance with a beam member. Moreover, when a concentrated load partially acts, the

punching shear force needs to be calculated.

(c) An examination of torsion may usually be omitted since structural members in general port
facilities are often less affected by torsion moment or are acted on by deformation conforming
torsion moment. In other cases, it is desirable to examine these stresses in accordance with

Standard Specifications for Concrete Structures .
@ Verification of fatigue failure

(a) The design fatigue strength frd and the design fatigue resistance Rrd can be calculated in

accordance with Standard Specifications for Concrete Structures
(b) Other points of attention

[0 When the rate and degree of variable actions among all actions are high, fatigue needs to

be examined.

0 In the verification of fatigue failure, properly rank the cyclic actions, calculate the influence
to each fatigue failure and the total influence to all action ranks, and evaluate the safety for
fatigue failure. Since not only the magnitude of actions but also the number of cyclic actions
significantly influences the safety for fatigue failure, the latter needs to be properly determined.
Any influence from actions of a rank that does not reach the fatigue limit even after the two-

millionth cycle may be ignored.
(2) Verification of serviceability

The compressive stress and crack width of concrete can be an index for concrete structural
members in general port facilities. However, when the response value of the crack width cannot

be properly calculated, serviceability may be verified using the stress of a reinforcing bar. When
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other special functions are required, it is desirable to verify by setting an adequate index
referring to the relevant guidelines.

(D Verification of the compressive stress of concrete in a permanent situation can be performed

using equation (1.7):

o, < O-l-f; (17)

where
0's : compressive stress generated in concrete by a permanent action (N/mm?);
f'o : characteristic value of compressive strength of concrete (N/mm?).

@ When verifying with the crack width, confirm that the value, which is obtained by multiplying
the ratio of the design response value wd of the crack width generated in the structural member

to the design limit value of the crack width w, by the structure factor y;, is 1.0 or less.

yw, /w, <1.0

(1.8)

(@ When verifying with the reinforcing bar stress, confirm that the value, which is obtained by
multiplying the ratio of the reinforcing bar stress od corresponding to the design response value
of the crack width generated in the structural member to the reinforcing bar stress oca
corresponding to the design limit value of the crack width by the structure factor vy, is 1.0 or

less.

y0,/0, <1.0

(1.9)

@ Calculation of the design response value

(a) The design response value of the crack width caused by bending may be calculated using
equation (1.10):

w=1.1k k, /\'3[4(’+0.7( & ~¢)]L se +£(,m- ]

where

w : design response value of the crack width (mm);

ks : coefficient expressing the influence of the surface profile of reinforcing bars on crack width
(when deformed bars = 1.0);

k2 : coefficient expressing the influence of concrete quality on crack width;
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f's : compressive strength of concrete (N/mm?). It can normally be the design value of the

compressive strength f'cq;

ks : coefficient expressing the influence of the number of layers on the tensile bars;

- S(n+2)
L Tn+8

n : number of layers of tension bars;
c : concrete cover (mm);
Cs : distance between the centers of the reinforcing bars (mm);

¢ : diameter of the tension reinforcing bar; nominal diameter of the smallest reinforcing bar

(mm);
Es: Young's modulus of reinforcing bars (N/mm?);

€'csa ¢ value for considering the increase in crack width due to concrete shrinkage, creep, etc.

In general cases, on the order of 100 x 10°;
Ose : Stress increment of reinforcing bars near the surface (N/mm?).

(b) The increment of reinforcing bar stress ase can be obtained using equation (1.11) assuming

the cross section is in the elastic range.

where
Md : design value of the bending moment (N-mm);

j=1-k3

K- ( =y2np,, + (npw)2 —np,, )

neutral axis ratio

n: (= EJE);

Young's modulus ratio
Pw 1 (= As/(bwd));
reinforcing bar ratio
d: (mm);

effective height

bw : (mm);
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width of the member
As : (mm?).
cross-sectional area of the reinforcing bars

(c) The design stress of a material can be calculated in accordance with Standard

Specifications for Concrete Structures .
(® Setting of a design limit value

(a) The limit values of the crack width wa shall generally be those listed in Table I.1. However,

this table is applicable only when the concrete cover is 100 mm or less.

Table 1.1 Limit Values of Crack Width wa,

Environmental classification | Deformed bar/normal round bar PC steel member
Partlcularly‘severe corrosion 0.0035 ¢ i
environment
Corrosion environment 0.004 ¢ -
Ordinary environment 0.005 ¢ 0.004 ¢

(c refers to cover.)

Here, “particularly severe corrosion environment” is applied to regions and members that are
exposed to severe marine environments such as parts in direct contact with seawater, or those
that are washed with seawater or blown by severe sea breezes. “Corrosion environment” can
be applied to other normal cases, but “ordinary environment” may also be applied to regions
and members where previous performance confirms that the possibility of significant corrosion

of reinforcing bar is extremely low.

When epoxy-coated reinforcing bars and stainless reinforcing bars are used, the limit values
of crack width may be set as shown in Table |.2 . However, this table is applicable only when

the concrete cover is 100 mm or less.
Table 1.2 Limit Values of Crack Width wa When Epoxy-Coated Reinforcing Bars and

Stainless Reinforcing Bars Are Used

Type of reinforcing bar Limit values of crack width
Epoxy-coated reinforcing bars 10% more than for non-coated reinforcing bars
SUS-304-SD 0.5mm
SUS-316-SD 0.5 mm
SUS-410-SD 0.005¢ or 0.5 mm (whichever is smaller)

(c refers to concrete cover.)

(b) When an aesthetically pleasing appearance for a structure is required, the limit value of the

maximum crack width of the concrete surface for appearance can be on the order of 0.3 mm.
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(c) Cracks in the structure due to causes other than the acting load (e.g., cracks originating in
initial defects, which do not close when the load is removed) are excluded from application of

this method. Therefore, a separate examination is necessary.

(3) When water-tightness is required, verification can be performed using the crack width as
an index. In this case, it is necessary to specify the limit value of the crack width appropriately
while considering the service conditions of the facilities and the characteristics of the acting

loads, etc. In general, the limit values presented in Table 1.3 can be used.

Table 1.3 Limit Value of Crack Width wa for Water-Tightness

Level of water-tichtness requirement When high water-tightness is to | When normal water-tightness is
g q be ensured to be ensured
. . . . *1)
Predominant action Axial tension - 0.1 mm
cross-sectional force Bending moment*? 0.1mm 0.2 mm

*1) All cross sections are compressed and the minimum compressive stress shall be 0.5 N/mm?Z. If an examination

is carried out with a detailed analysis, the value shall be determined separately.

*2) When subjected to reversed cyclic loadings, the limit crack width is determined according to cases where the
axial tension is predominant.

(4) In cases where the action of cargo handling equipment is comparatively large and deflection
to an extent that will hinder cargo handling can be expected, as in the superstructures of piled
piers, verification is made using deflection as the index as necessary. The limit value of
deflection in this case can be determined referring to the performance of the crane and
Specifications for Highway Bridges and Commentaries. (Japan Road Association:

Specifications for highway bridges and commentaries, 2017'?)
I.2.4 Examination of Changes in Performance over Time

(1) It shall be basically verified that the performance of structural members is not deteriorated
during the design working life. However, an examination of changes in performance over time
can be omitted for existing facilities which have a design working life of about 50 years and
which show no significant reduction of performance so far due to deterioration caused by
chloride-induced deterioration during the design working life, provided that the facilities satisfy

all of the following conditions:

(D As the concrete cover for reinforcing bars, a value equal to or greater than the standard

value specified in Table 1.4 is set.

@ A quality equal to or better than the concrete with the water-cement ratio specified in Table

3.2.2 of Part Il, Chapter 11, 3 Concrete (OCDI 2020) shall be ensured.

(@ Construction work shall be performed with care.
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Table 1.4 Standard Values of Concrete cover

Environmental classification Cover (mm) Remarks

Parts in direct contact with seawater
70 Parts washed with seawater
Parts exposed to severe sea breezes

Particularly severe corrosion
environment

Ordinary environment 50 Parts other than the above

(2) Measures to Suppress or Prevent Corrosion of Reinforcing Bar

(D There are many examples so far where the performance of concrete structural members in

ports is remarkably reduced during the design working life because of corrosion of reinforcing
bar due to chloride-induced deterioration. Therefore, measures to suppress or prevent
corrosion of reinforcing bar occurring during the design working life should be taken for
structural members where performance is expected to be reduced due to chloride-induced

deterioration while considering the maintenance level set to the members.

@ Typical measures to suppress or prevent corrosion of reinforcing bar in concrete structural

members that have been applied to port structures so far include the use of high durability
reinforcement such as epoxy-coated reinforcing bars, stainless reinforcing bars and
continuous fiber reinforcement; suppression of penetration by external deterioration factors
such as chloride ions by surface coating, densification of cement matrix or other means; and
suppression of the corrosion of steel members with cathodic protection. When applying these

measures, you should refer to relevant standards on reinforcement protection.

(3 When examining the application of newly developed materials and construction methods in

addition to these measures, it is necessary to fully understand their characteristics and

consider their construction conditions and maintenance methods after construction.

@ It is necessary to develop a performance testing and maintenance plan when applying

measures to improve the durability of concrete structural parts.
(3) Corrosion of reinforcing bar Due to the Penetration of Chloride lons

(D The verification of corrosion of reinforcing bar due to the penetration of chloride ions can

generally be performed using equation (1.12).

7CalCin <10 1o

where
yi : structure factor. It may be 1.0 in general, but should be 1.1 for important structures;
Cq : design value of chloride ion concentration at the position of the reinforcing bars (kg/m?);

Cim : limit concentration for initiation of corrosion of reinforcing bar (kg/m?).
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Setting various limit values is possible for the verification of corrosion of reinforcing bar by the
penetration of chloride ions; here, however, the limit state is defined as the point of time when
corrosion of reinforcing bar initiates, while considering the availability of a safety assessment

and the possibility of an assessment at the current technical level.
@ The design value Cq4 of chloride ion concentration at the position of the reinforcing bars can

be obtained using equation (1.13).

0.1c
24D,t

C; =Ya Co

-]

(1.13)
where

yo : safety coefficient considering the design value Cq4 of chloride ion concentration at the
position of the steel. It should be 1.3 in general, but may be 1.1 if high construction precision

is ensured;

Co : chloride ion concentration at the surface of the concrete (kg/m?3);
¢ : design value of the concrete cover (mm);

Dq : design diffusion coefficient for chloride ions (cm?/y);

t : design working life (y);
(e’f(s):ire_wdn)
\/; 0

er : error function

Ci : initial chloride ion concentration (kg/m3). It shall be determined using actual data or past

performance data. When no actual data is available, it shall be set to 0,3 kg/m?.

@ It is preferable to set the chloride ion concentration on the surface Co based on actual data

measured under environmental conditions similar to those at the location where the structural
member is to be installed. In cases where the distance between the water level (HWL) and the
bottom surface of the members of the concrete superstructure of a piled pier is on the order of

0 to 2,0 m, Co can also be set using equation (1.14) based on the actual data .

Cp==60x+15.1 10

where
Co : chloride ion concentration on the surface (kg/m?®); it shall not be less than 6.0 kg/m?;
x : distance between the HWL and the bottom surface of the member (m).

@ The design diffusion coefficient for chloride ions D4 can be obtained using equation (1.15).
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D, =y.D, +/(%} D,
(1.15)

where
Yc: material factor of concrete. In general, it may be 1.0;
D« : characteristic value of diffusion coefficient for chloride ions in concrete (cm?/y);

A : coefficient expressing the effect of crack on the diffusion coefficient. In general, it may be
1.5;

Do : constant expressing the effect of crack on the migration of chloride ions in concrete. In

general, it may be 400 cm?/y;

w/l : ratio of crack width to crack interval;

wll=(o,/E, +¢&.,)

Ose : increment of reinforcing bar stress (N/mm?);
Es : Young’s modulus of reinforcing bars (N/mm?);

€'csa ¢ Value for considering an increase in crack width due to concrete shrinkage and creep,

etc. It may be set in accordance with equation (1.10).

(® When the concrete which will actually be used is known in advance, the characteristic value

D of the diffusion coefficient for chloride ions in the concrete shall be set by the experiments
using specimens prepared from the concrete. In other cases, Dx may be set using equations
(1.16) and (1.17)

When using ordinary Portland cement (0.35 < W/C < 0.55)
When using blast-furnace slag cement or silica fume (0.40 < W/C < 0.55)

logiDi=25 (WO~ 18 | 47

® The limit concentration for the initiation of corrosion of reinforcing bar Clim shall be set
appropriately while considering the conditions of similar structures, etc. If port and harbor
facilities are constructed in ordinary marine environments and the concrete cover specified in
Title 1.2.6 Details of Structures is ensured, Cim can generally be set at 2,0 kg/m3. This is the
lower limit of the chloride ion amount to initiate corrosion of reinforcing bar based on the results

of experiments at the Port and Airport Research Institute (PARI).

(4) Examination for Other Deterioration Factors
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(D Corrosion of reinforcing bar due to carbonation

(a) Corrosion of reinforcing bar due to carbonation shall be verified when performance
deterioration of structural members due to carbonation is expected. There are not many cases
so far where the performance of concrete structural members in ports is remarkably reduced

during the design working life because of corrosion of reinforcing bar due to carbonation.

(b) Verification of corrosion of reinforcing bar due to carbonation may be performed using

equation (1.18)

) <
Vi -‘d/J Tim <1.0 (1.18)

where

yi : structure factor. It may be 1.0 in general, but should be 1.1 for important structures;
yq : design value of carbonation depth (mm);

yim : limit depth for the initiation of corrosion of reinforcing bar (mm).

(c) Standard Specifications for Concrete Structures may be referred to for details on the

verification of corrosion of reinforcing bar due to carbonation.
@ Freezing and thawing actions

In cold regions and other similar environments, the performance of structural members must
not be degraded by the deterioration of concrete due to freezing and thawing actions. In this
case, verification may be replaced by using the concrete indicated in Part Il, Chapter 11, 3
Concrete (OCDI 2020).

(3 Chemical Attack

The performance required for structural members must not be degraded by the deterioration
of concrete due to chemical attack. In this case, if the concrete used meets the chemical attack
resistance indicated in Part Il, Chapter 11, 3 Concrete (OCDI 2020), the performance of
structural members is not considered to be lost with chemical attack, and it may replace the

verification of the chemical attack.
@ Alkali-aggregate reaction

As indicated in Part Il, Chapter 11, 3 Concrete (OCDI 2020), the verification of alkali-aggregate
reaction may be replaced by ensuring deterioration resistance to the alkali-aggregate reaction

of concrete.
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.2.5 Examination of Initial Cracks

(1) Topics 1.2.3 Verification methods of structural parts and 1.2.4 Checking changes in
performance over assumed time assume that any initial cracks that may affect the performance
required for structural members do not occur in the construction stage. Therefore, it must be
confirmed that the performance required for structural members is not affected by the initial
cracks. However, the verification of initial cracks may be more reasonably performed in the
construction stage, in addition to cases where it is required in both the design stage and the

construction stage.

(2) The verification of settlement cracks and plastic shrinkage cracks can generally be omitted.
Moreover, the verification of carefully constructed structural members which are known to have
no problems from previous construction records may be omitted for cracks due to cement

hydration.

(3) If cracks due to cement hydration are a problem, the performance required for structural
members shall be judged to be maintained by confirming that no cracks occur or that the crack

width does not exceed the limit value.

(D Whether cracks have occurred can be verified using equation (1.19)

I..(tH)=vy, (119)

where

Ic(t) : crack index;

1,0 = [, () 0,@)
fi (t) : concrete tensile strength on the tth day of material age;
ot (t) : concrete maximum main tensile stress on the tth day of material age;
Yor : safety factor concerning the probability of crack occurrence.

The crack index shall be obtained by either temperature stress analysis or a highly reliable

simplified evaluation method with a definite application range.
@ Verification of the crack width

The response value of crack width may be calculated according to Standard Specifications for

Concrete Structures .

The limit value of crack width shall be set while considering the environmental conditions,
dimensions and shapes of the structures, construction methods, concrete mix proportions and

types of reinforcements. In general, the limit values indicated in Table 1.4 may be used.

1.2.6 Details of Structures
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(1) Concrete Cover

(D The concrete cover ensures the adhesive strength of the reinforcing bars and concrete
which is the prerequisite for the verification of concrete structural members and significantly
affects their durability. Therefore, the concrete cover needs to be properly determined while

considering the required durability, functions of the facility and construction errors.

@ The cover of reinforced concrete members in marine environments shall generally not be

less than the values in Table 1.4. However, control of the crack width needs to be fully noted
when adopting concrete cover more than 100 mm. Moreover, provided that the concrete cover
is properly managed and inspected in the construction stage, construction errors involving the

concrete cover may not be considered in performance verification.

@ If the above does not apply, the concrete cover may be in accordance with Standard

Specifications for Concrete Structures .
@ The concrete cover in @ and 3 can be reduced in the following cases:

(a) Fully examined product from a concrete factory
(b) Measures to prevent corrosion of reinforcing bar are taken
(c) Non-corrosive reinforcement is used

(2) Other details of structures may be in accordance with Standard Specifications for Concrete

Structures.

1.3 Steel
1.3.1 Basic Policy for Performance Verification

(1) Title 1.2.1 Verify the performance of the structural parts described the verification and other

items regarding the structural performance of steel members composing port facilities.

(2) Title 1.2.1 Verify the performance of the structural parts targets structural members and
other components that are constructed according to the specified method and precision using
materials selected according to TCVN 11820 — 3 Riquirements of Materials and Standard
Specifications for Steel and Compound Structures (JSCE: Standard Specification for Steel and

Composite Structures - General principle and Design, 2016'® ) and other documents.

(3) When verifying the performance of steel members, Standard Specifications for Steel and
Compound Structures [Design]2) and Standard Specifications for Composite Structures
(JSCE: Standard Specification for Hybrid Structures, 2014') may be complied with for

methods not described in 1.2.1 Verify the performance of structural Members.

1.3.2 Setting of Basic Cross Sections and Characteristic Values
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(1) Cross sections of the structural member must have specifications conforming to the
performance criteria of the facility concerned and shall follow the details of structures shown
in 1.2.3.6 Details of the Structure..

(2) Characteristic values used for performance verification can be determined following the
descriptions in Part I, Chapter 11 Materials (OCDI 2020). The lower limit of the JIS Standards
can be the characteristic values of the tensile yield strength and tensile strength of steel

materials.
1.3.3 Verification Methods for Members

Safety and serviceability of the steel members shall be verified against the limit state set for

each item by setting the proper indices which can express performance.
1.3.4 Examination of Changes in Performance over Time

It shall be basically verified that the performance of the structural members is not deteriorated
during the design working life. Since steel members used in facilities subject to the Technical
Standards are generally installed under severe corrosion environmental conditions, they are
properly corrosion controlled with the cathodic protection method, the coating method or other
corrosion protection methods. As such, changes in the performance of steel members over

time shall be basically examined for the corrosion protection design of the steel members.
1.3.5 Corrosion Protection Design of Steel Members
(1) General

(D Corrosion protection methods for steel members shall be properly taken with the cathodic
protection method, the protective coating method or other corrosion control methods according
to the natural situations in which the steel members exist. In this case, the standard corrosion
protection methods shall be the cathodic protection method for the portion below the mean low
water level (M.L.W.L.), and the protective coating method for the portion higher than the mean

monthly-lowest water level (L.W.L.) minus 1 m.

@ Corrosion protection using a corrosion allowance shall not be performed in tidal zones or

underwater since significant corrosion such as concentrated corrosion may occur depending
on the corrosion environmental conditions. However, the concept of corrosion control using a

corrosion allowance may be applied to temporary structures.

(® The backfilling side of steel sheet pile has a slower corrosion rate than that of the seaward

side, and thus no corrosion protection is required in particular. It is desirable to investigate in
advance and take the proper measures if backfilling soil is supposed to be highly corrosive

because of the effects of the waste material.
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@ Application of the protective coating method for portions higher than the L. W.L. minus 1 m
and cathodic protection is used for submerged sections below M.L.W.L and for sections in the
sea bottom soil, and their reliability has been verified. If the coating method is also used
underwater, it is necessary to select a coating material with a particular focus on durability, and
to take care of damage incurred in the construction stage and due to collisions with driftwood.
In cases where the coating method is applied to a marine atmosphere and underwater and the
cathodic protection to marine soil, any degraded or damaged coating portions can be
supplemented with cathodic protection; provided that the performance verification of cathodic

protection is set to allow ample margin for degradation or damage of the coating material.

(® The applicable corrosion protection methods differ depending on whether the target facility
is newly built or already existing. In other words, some methods can be applied only to newly
built facilities or may have some restrictions in their construction conditions when applied to
existing facilities. The applicable methods also differ depending on whether the target region
of corrosion protection is in a tidal zone or underwater. Reliable methods need to be selected
considering the characteristics of each corrosion protection method in terms of the corrosion
environmental conditions, construction conditions and working life in addition to these

conditions.

©® Since the maintenance of corrosion protection method is indispensable during the working

life in order to maintain the performance of corrosion protection for a long period of time,
inspection and diagnosis of the corrosion protection method needs to be done at a proper
frequency and at required times to evaluate its performance of corrosion protection and repair

the corrosion protection method or steel members as appropriate.

@ In general, refer to the Manual on Corrosion Prevention and Repair for Port and Harbor

Steel Structures (2009 edition) ( Coastal Development Institute of Technology: Corrosion

protection and repair manual for port and harbor steel structures, 200915).
(2) Corrosion Rate of Steel Members

D It is desirable to determine the corrosion rate of steel members by referring to past examples
in the vicinity or to results of surveys under similar conditions, since it is largely affected by the
environmental conditions of the water area such as the climate conditions, salinity density of

the seawater, the degree of water pollution and the existence of river water flow.

@ Table 1.7, which summarizes the results of surveys of existing steel structures, can be
referred to in general for the corrosion rate of steel members. However, as Table 1.7 only lists
average figures, which may be exceeded in certain service conditions of the steel members, it
is desirable to refer to the results of corrosion surveys under conditions as similar as possible

when determining the corrosion rate of steel members. Since the figures in Table .7 are
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corrosion rates for one side, use them together with figures for both sides while considering

the conditions of both sides of the steel members.

@ The figure for “H.W.L. or higher” in Table 1.7 is the corrosion rate immediately above H.W.L..
Moreover, it is desirable to determine the corrosion rate between the H.W.L. and the seawater
section by referring to actual corrosion records in the water area concerned, because a field
survey of corrosion has clarified that the corrosion rate varies depending on the water area
and water depth. Table 1.7 shows reference values as a range; in the water depth direction, it
is desirable to correspond by distinguishing the tidal zone and the underwater area where the

environmental conditions differ. L.W.L. = 1.0 m or so is suitable for the boundary in this case.

The figures in Table 1.7 are not applicable to the concentrated corrosion rate since such rates

greatly exceed the figures in the table.

Table 1.7 - Standard Values of Corrosion Rates for Steel Members

Corrosive environment Corrosion rate (mm/year)
2 H.W.L. or higher (Splash zone) 0.3
_?; IZLIO:Q? to LW.L.— 1 m (Tidal 0.1 to 0.3
% Submerged zone 0.1 to 0.2
“1" Under seabed 0.03
9 Above ground and exposed to air 0.1
'_Cg Back side* in soil
= Residual water level and above 0.03
— Residual water level and below 0.02

*Back side of sheet piles, etc.

(3) Cathodic Protection Method
(D Range of application

(a) The range of application of the cathodic protection method shall be at or below the M.L.W.L..
The effect of the cathodic protection increases as the period of immersion of the steel members
subject to corrosion protection in seawater is longer and decreases when it is shorter.
Moreover, since a greater amount of protective current flows into tidal zones than underwater,
more anode will be consumed. As a result, the cathodic protection method is generally applied
to the M.L.W.L. or lower.

(b) The M.L.W.L. is the average of all tide levels at low water and is calculated by subtracting
half of the tidal range (Hm) of the principal lunar semi-diurnal tide (M2) from the mean water
level (M.S.L.). It may be considered to be the mean value of the M.S.L. and the L.W.L. where

there is no harmonic constant data.
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(c) Corrosion protection with the coating method is necessary at or above the M.L.W.L.. In this
case, since the period of immersion in seawater of a range between the M.L.W.L. and L.W.L.
is shorter than at or lower than the L.W.L., the corrosion protection rate is somewhat inferior,
and the portion immediately below the M.L.W.L. is easily corroded, it is desirable to apply
coating corrosion control to some range below the M.L.W.L. and to combine it with the cathodic

protection.

(e) In general, 90% is often used for the corrosion prevention percentage (generally defined in
equation [1.3.1]) at or below the M.L.W.L.. However, the corrosion prevention percentage
generally far exceeds 90% if properly maintained and is kept at or below the protective
potential.28) 29) 30) The corrosion protection ratio may be set to a proper value based on the

actual corrosion protection ratio in the target environment.

Mass loss of Mass loss of

X
nonprotected steel protected steel

i = X 0
Corrosion control rate Mass loss of 100 (%)

nonprotected steel

(1.21)

(f) In marine construction works, there may be a period without corrosion protection after the
steel pipe piles or steel sheet piles are driven and before the superstructure is installed, or
during the anode renewal period for cathodic protection. Since significant concentrated
corrosion may occur during this period without corrosion protection, it is desirable to give this

matter thoughtful consideration.
@ Protective potential

(a) In general, the protective potential of port steel structures shall be -780 mV vs. the

Ag/AgCl(seaw) electrode.

(b) When applying a protective current through a steel structure using the cathodic protection
method, the potential of the steel structure gradually shifts to a low level. When it reaches a

certain potential, corrosion is suppressed. This potential is known as the protective potential.

(c) To measure the potential, an electrode that indicates stable values even in different
environmental conditions is used as a reference. The electrode is called the reference
electrode. In seawater, in addition to the Ag/AgCl electrode, the saturated copper sulfate

electrode and the zinc electrode are sometimes used.

For the protective potential of each verification electrode, refer to Coastal Development
Institute of Technology: Corrosion protection and repair manual for port and harbor steel
structures, pp.73, 20099 .
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(d) When combining the coating method and cathodic protection methods (particularly, the
external power source method), care should be taken not to let the coating film deteriorated
due to excessive current. The preferable potential in this case is -800 to -1,100 mV vs. the
Ag/AgCl electrode.

@ Protective current density

(a) The protective current density shall be set to an appropriate value because it varies greatly

depending on the water area environment.

(b) When applying cathodic protection, the current per unit surface area of the steel member
which is needed to polarize the potential of the steel member to a more base value than the
protective potential is called the protective current density. The value of protective current
density decreases to a constant value with the elapse of time from the initial value at the start
of cathodic protection. The constant value often decreases at or less than 50% of the initial

value.

(c) The protective current density varies with water temperature, velocity, waves, water quality
and other factors. Where there is an inflow of river water or various discharges, or the
concentration of sulfides is high, the required protective current generally increases.
Furthermore, where the velocity is high, the required protective current increases. When
verifying performance, it is desirable to set a characteristic value by referring to the actual

results of the existing facilities in the area concerned.

(d) The values listed in Table 1.8 may be used as the protective current density at the start of

cathodic protection for the bare steel member surface in normal water areas.

(e) The value of protective current density in soil has been reported to vary due to physical
properties (grain size, water content, soil resistance rate, etc.) and chemical properties (pH,
dissolved oxygen, activities of microorganisms, etc.) of the soil. For example, the protective
current density reduces if the soil resistance rate is very high. However, the protective current
density in masonry having wide gaps with grain sizes of about 15 to 20 cm is on the order of
1/2 of that in seawater, but about the same value of the protective current density as in

seawater will be needed as the grain size becomes bigger.

(f) As the duration of protection goes on, the generated current weakens. Therefore, the
average generated current for calculating the lifetime of the anode is often taken as the

following depending on the duration of protection:
When protected for 5 years: 0.55 x initial current density
When protected for 10 years: 0.52 x initial current density

When protected for 15 years: 0.50 x initial current density
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If the protection is intended to last for more than 15 years, the value for 15 years shall be

applied.

(9) If there is a corrosion-resistant coated area within a cathodic protected area, the coefficient
for density of protective current as in Table 1.9 shall be set assuming the conductivity
(corrosion-resistant metal coating, etc.), deterioration and damage of the corrosion-resistant
material. The protective current density flowing into the corrosion-resistant coated area can be
obtained by multiplying the density value of protective current in Table 1.8 by this coefficient.
The area into which the current flows when calculating the protective current may be set at or
below the HW.L. or M.S.L..

Table 1.8 - Protective Current Density at the Start of Cathodic Protection (mA/m?)

Clean sea area Contaminated sea areas
In seawater 100 130-150
In rubble mound 50 65-75
In soil (below seabed) 20 26-30
Back side in soil 10 10

Table 1.9 - Coefficient of Protective Current Density for Corrosion-Resistant Coating

Coating method Coeficient of pI:Oti?thE Remarks
current density
Painting 025 Damage rate is set in the early
stages
Heavy duty plastic coating (steel pipe pile) 2 Small determiztt;osn and damage
Heavy duty plastic coating (steel sheet 0.10 Joint fitting part ghall be
pile, steel pipe sheet pile) ’ considered :
Organic . . . *2 Small deterioration and damage
coating Super high build coating . rates g
Underwater coating (paint type) 0.25 Damage rate is set in the early
stages
Underwater coating (putty type) 2 Small deterloiztt:gosn and damage
Petrolatum coating 2 Small deterioration and damage
rates
Inorganic . *4
coating Mortar coating 0.10 Conductive
Metal coating 1.00 Conductive

*1 This coefficient shall be applied when [bare steel member area/coating area] > 1.

*2 This can be excluded from the cathodic protection area because of high insulation performance and resistance

to deterioration and damage.

*3 Heavy corrosion-resistant coating steel sheet piles and steel pipe sheet piles have partially uncoated areas in
joint fitting parts. Although the ratio of uncoated areas in joint fitting parts to the coated areas ranges from 8% to
13% depending on the type of steel sheet pile, 10% of the coated area is factored in the design here as the uncoated

area.
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*4 Conductivity of the mortar coating will be factored in the design as 10% of that of metal. If a high insulation
material such as FRP is used as a protection form of mortar coating, the area of coating can be excluded from the
cathodic protection area.

(4) Protective Coating Method
@ General

(a) It is better to use the protective coating method because cathodic protection cannot be
applied to the regions in port steel structures where the duration of seawater immersion is
short.

(b) As described in (3), the range of application of the cathodic protection method is designated
as at or below the M.L.W.L.. However, because concentrated corrosion is liable to occur in the
vicinity of the M.L.W.L., and the duration of immersion in seawater may be shortened by the
effects of waves and seasonal fluctuations in tide levels, the protective coating method shall
generally be used in combination with cathodic protection to the region above the depth of 1
m below the L.W.L..

(c) In steel sheet pile revetments in shallow sea areas and the like, the coating method may
be applied depthwise to the whole length of the structure. By combining the cathodic protection
and protective coating methods in seawater sections, extended life of the galvanic anode may

be expected.

(d) The details of each corrosion-resistant coating method are described in Part I, Chapter 11,
2.4 Corrosion Protection of Steel Members (OCDI 2020).

@ Selection of protective coating methods

As each coating method has its own features, the method most suitable to the target structure

must be selected by fully examining (a) through (d) below.
(a) Conditions of the target steel structure

As the protective coating method to be applied to the target steel structure may differ
depending on whether it was coated at a factory or at the site, or depending on the situation
surrounding the steel structure, it is necessary to examine the following items after adequately
understanding the situation of the steel structure. The primary target of description here is

newly built steel structures.

[0 Environmental conditions: It is desirable to fully investigate the environment where the steel
structure is built because it directly affects the durability of the protective coating method.
Corrosion environment conditions include the constituents of seawater (salinity, etc.), pH,

water temperature and velocity.

Whether freshwater (rivers, etc.) or polluted water (industrial wastewater, etc.) flows into the

seawater or mixes with warm water should be investigated as this influences corrosion. The
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possibility of damage due to the actions of waves or collisions with floating matter should also

be investigated.

[0 Range of corrosion protection: The classification of the corrosion environment to which the
coating method is applied ranges widely from marine atmosphere to marine soil. Therefore,
the corrosion protection range of each protective coating method is determined by the shape
of the steel structure and how it combines with the cathodic protection method and with multiple

protective coating methods.

Thus, it is necessary to select an appropriate coating method for the steel structures since

each method has its own applicability.

When trying to apply the coating down to the normal range (L.W.L. — 1 m) of an existing steel
structure whose lower edge level of upper concrete is around the LWL, the construction
becomes more difficult and expensive. If the cathodic protection method, which is guaranteed
to be effective below the M.L.W.L., is adequately maintained, the coating method is not

frequently required.

[0 Structural type of steel structures: The main steel structural types in ports are open-type
piled piers, pipe sheet pile quay walls and sheet pile quay walls, and their materials are steel
pipe piles, steel pipe sheet piles and steel sheet piles. Applicability of the protective coating
method needs to be examined since the applicability to structural type differs depending on
the type of protective coating methods. Items to keep in mind from the structural point of view,
such as the height of the superstructure and existence of protrusions, also need to be

examined.
(b) Required Performance for the protective coating method

One of the most important performance items required for the protective coating method is the
effect of corrosion protection to the structures and the durability of the coating itself.
Furthermore, it is necessary to apply the method while considering the expected working life
and its expected economic purpose from among those that comply with the situation of the

aforementioned target structures.

It is difficult to say whether the expected working life of the coating method is adequately
understood, but one standard rule of thumb targeted primarily at steel pipe piles is indicated in
Coastal Development Institute of Technology: Corrosion protection and repair manual for port

and harbor steel structures, pp.52-65, 2009 7).

[0 Effects of corrosion protection: Protective coating depending on the situation of the
aforementioned target steel structures needs to be examined since the effect of corrosion
protection varies by the type of protective coating method. Since the splash zones and tidal
zones under extremely severe corrosion environments are difficult to maintain or repair, coating

with a high corrosion protection effect needs to be applied.
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00 Durability: The marine atmosphere requires enough durability for factors such as direct
sunlight and sea salt particles. Splash zones, tidal zones and seawater also require seawater
resistance and physical strength against waves and collisions with floating matter, etc. When
selecting coating, these factors and characteristics of deterioration of each coating must
thoroughly be examined. Need to examine the characteristics of deterioration, durability under
actual marine environments and performance evaluation methods of several coating methods

for a long period of 30 years.
(c) Factors in the application of protective coating methods

When selecting a coating method, consideration for construction is also needed since the
construction quality of coating greatly affects the performance of corrosion protection, durability

and the maintenance cost

[0 Constructability: The construction location of the protective coating may be restricted to
factories or sites. When constructing at a site, conduct examinations while considering the
applicability of the protective coating method, restrictions in working spaces and working hours
due to weather, waves, tidal levels, structural types and difficulties in surface preparation since
these conditions affect the construction. The effects on the surrounding environment during

construction also needs to be examined.

[0 Construction period: Seasons and periods including the surrounding oceanographical

phenomena and situations of working sites which permit construction must be considered.
(d) Actual results

Actual results under similar conditions shall be investigated since the evaluation of reliability
of the coating method refers to these results. It is necessary to evaluate protective coating

without past results by thoroughly investigating supportive experiment data or theories.

The protective coating methods applied to port steel structures are suitable for either coating
at factories or at sites. Typical coating methods at factories include painting, heavy duty plastic
coating, super high build coating and corrosion-resistant metal coating, while frequently
applied coating methods at sites are underwater coating, petrolatum coating and mortar

coating.
1.3.6 Details of Structures

(1) The details of structures of steel members shall be in accordance with those of each facility
and each structural type indicated in Part Ill, Chapter 3 Waterways and Basins to Chapter 11
Other Port Facilities (OCDI 2020).

(2) Other details of structures may comply with Standard Specifications for Steel and

Compound Structures and Standard Specifications for Composite Structures.

1.4 Composite Structure
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1.4.1 Basic Policy for Performance Verification

(1) 1.2.1 Verification of Members describes the structural performance verification and other
items regarding composite structural members composed of steel, concrete and other

materials composing port facilities.

(2) 1.2.1 Verification of Members targets structural members and other components that are
constructed according to the specified method and precision using materials selected
according to TCVN 11820 — 3 — 2019 Riquirements of Materials and Standard Specifications
for Composite Structures (JSCE: Standard Specification for Hybrid Structures, 2014'®) and

other documents.

(3) When verifying the performance of composite structural members, Standard Specifications
for Composite Structures '® may be complied with for methods not described in 1.2.1

Verification of Members.
1.4.2 Setting of Basic Cross Sections and Characteristic Values

(1) Cross sections of structural members must have specifications conforming to the
performance criteria of the facility concerned and shall follow the details of structures shown

in 1.2.4.6 Details of Structures.

(2) Characteristic values used for performance verification can be determined following the
descriptions in Part Il, Chapter 11 Materials (OCDI 2020). The standard design strength can
be the characteristic values of the compressive strength of concrete. The lower limit of the JIS
Standards can be the characteristic values of the tensile yield strength and tensile strength of

steel members.
(1) Verification of Safety

Safety of the composite structural members shall be verified using cross-sectional failure and

fatigue failure as indices.
(D Verification of cross-sectional failure

(a) The design cross-sectional force for the bending moment and axial force can be calculated

in accordance with Standard Specifications for Composite Structures .

(b) The safety for shear force must be verified considering the type of beam members and
plane members, direction of shear force action and displacement of shear connectors. If the
displacement of shear connectors does not affect the load carrying mechanism of the
members, it can be calculated in accordance with the following items as well as Standard

Specifications for Composite Structures .
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[0 For composite beam structural members, the yield and shear of reinforcing steel members,
buckling, design shear resistance complying with failure conditions such as diagonal tensile

failure and compression failuer of concrete shall be calculated and verified individually.

0 If a plane member is subject to out-of-plane shear, the out-of-plane shear force shall be
examined in accordance with a beam member. Moreover, when a concentrated load partially

acts, punching shear failure shall be verified against the concentrated load.

0 If the interface of different materials or plane members is subject to in-plane shear, the in-

plane force shall be verified.

O If shear needs to be transmitted, the direct shear transmission on the shear plane shall be

verified.

(c) An examination of torsion may usually be omitted since structural members in general port
facilities are often less affected by torsion moment or are acted on by deformation conforming
torsion moment. In other cases, it is desirable to conduct examinations in accordance with

Standard Specifications for Composite Structures .
@ Verification of fatigue failure

(a) The fatigue failure must be verified for members and shear connectors in the combined
state after steel and concrete have been integrated considering the effects of the

characteristics of actions whether variations or movements of actions exist or not.

(b) The verification of fatigue failure for concrete, reinforcing bars and steel members may be
calculated in accordance with Standard Specifications for Composite Structures using the
design variable stress that is calculated assuming that steel and concrete have been

integrated.
(c) Other points of attention

[0 When the rate and degree of variable actions among all actions are high, fatigue needs to

be examined.

0 In the verification of fatigue failure, properly rank the cyclic actions, calculate the influence
to each fatigue failure and the total influence to all action ranks, and evaluate the safety for
fatigue failure. Since not only the magnitude of actions but also the number of cyclic actions
significantly influence the safety for fatigue failure, the latter needs to be properly determined.
Any influence from actions of a rank that does not reach the fatigue limit even after the two-

millionth cycle may be ignored.

(2) The compressive stress and crack width of concrete can be an index for verification of the
serviceability of composite structural members. However, when the response value of the
crack width cannot be properly calculated, serviceability may be verified using the stress of a

steel member. When other special functions are required, it is desirable to verify by setting an
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adequate index referring to Standard Specifications for Composite Structures and the relevant

guidelines.

(3) Since the type and magnitude of actions and load-carrying mechanisms against actions for
composite structural members vary before and after steel and concrete are integrated,

verification must be properly performed before and after integration.

(4) Other examinations on limit states may be in accordance with Standard Specifications for
Composite Structures and shall be in accordance with Standard Specifications for Concrete

Structures and Standard Specifications for Steel and Compound Structures, if necessary.

1.4.4 Examination of Changes in Performance over Time

(1) It must be confirmed that changes over time, such as the corrosion of steel members and
deterioration of concrete due to environmental actions, do not occur or are restricted to small

areas if they occur for composite structural members.
(2) Examination of the Corrosion of Steel Members

@ It must be confirmed that corrosion does not occur or remains within a degree that does not

affect the performance of members even if it occurs for externally exposed steel members.
When corrosion protection measures are taken with a proper method considering the
characteristics of the structures and environmental conditions, it may be assumed that the

steel members shall not be corroded.

@ Corrosion protection measures for steel members shall be properly set while considering

the performance requirements, maintenance level and construction conditions. In this case, it
is desirable to examine the proper construction method utilizing an actual result investigation
of the existing port steel structures and corrosionrelated data. Corrosion protection measures
shall comply with the concept indicated in .3.5 Corrosion Protection Design of Steel Members
and Part Il, Chapter 11, 2.4 Corrosion Protection of Steel Members (OCDI 2020). For the
selection of construction methods, refer to the Manual on Corrosion Prevention and Repair for

Port and Harbor Steel Structures.'”

3 For the corrosion of steel members covered with concrete, it must be confirmed that initial
cracks or cracks in concrete due to external forces and corrosion of steel members
accompanied by the carbonation of concrete and penetration of chloride ions do not occur or
remain within a degree that does not affect the performance of the members even if they occur.
Corrosion of steel members covered with concrete can be examined in 1.2.4 Examination of

Changes in Performance over Time.
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@ It must be confirmed that steel members at the boundaries of the steel members and

concrete are not corroded due to floods or other hazards, or remain within a degree that does

not affect the performance of the members even if such events occur.

(3) The deterioration of concrete can be examined in 1.2.4 Examination of Changes in
Performance over Time for the effects of the corrosion of steel members due to the penetration
of chloride ions, carbonation, freezing and thawing actions, chemical attack and alkali-

aggregate reaction.
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