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Introduction
In Japan, Port and Harbour Act was re-
vised in 2013, which stipulates basic 
rules on maintenance and repair for port 
and harbor facilities. At the same time, 
Guidelines for Inspection and Diagno-
sis of Existing Port and Harbor Facil-
ities1) and Guidelines for Formulating 
Maintenance and Repair Plans of Port 
and Harbour Facilities2) were published 
to support the laws and regulations so 
that more strategic maintenance and re-
pair can be realized for facilities in off-
shore and coastal regions. In addition, 
Technical Standards and Commentaries 
for Port and Harbour Facilities in Japan3) 
and Technical Manual for Maintenance 
and Repair of Port and Harbour Facili-
ties4) were revised in May and July 2018, 
respectively, which describe the techni-
cal aspects of maintenance and repair of 
port and harbor facilities.

To follow the trend to strengthen the 
maintenance and repair work for port and 
harbor facilities, Corrosion Protection 
and Repair Manual for Port and Harbour 
Steel Structures (hereinafter referred to 
as “the Manual”) was revised in 2022 for 
newly constructed steel structures with 
corrosion protection in accordance with 
the revised Technical Standards and ex-
isting steel structures that should be well 
maintained from the viewpoint of steel 
corrosion. At the same time, recent tech-
nological development should be thor-
oughly considered for the revision to 
make corrosion protection more rational 
and secure. This article presents the ma-
jor points of the revision of the Manual.

Policy of Revision
The revision policies of the Manual are 
summarized as follows:
(1) to align with Technical Standards and 

Commentaries for Port and Harbour 

Facilities in Japan3);
(2) to align with Technical Manual for 

Maintenance and Repair of Port and 
Harbour Facilities4);

(3) to align with Guidelines for Inspection 
and Diagnosis of Existing Port and 
Harbour Facilities1) and Guidelines for 
Formulating Maintenance and Repair 
Plans of Port and Harbour Facilities2);

(4) to respect international standards; and
(5) to reflect the current levels of corrosion 

protection and its repair technologies.

Structure of Manual
Steel structures in offshore and coastal 
regions are exposed to very severe cor-

rosive environments because of seawa-
ter splashing and tidal changes. We have 
elucidated the mechanisms of steel cor-
rosion and examined various corrosion 
protection techniques for port and harbor 
steel structures from long ago. As results 
of these efforts, the Manual provides lat-
est information on selection, design and 
execution of necessary corrosion protec-
tion methods to ensure structural perfor-
mance over the requirements and to effi-
ciently conduct inspection, diagnosis and 
interventions including repair.

The Manual consists of four parts and 
eleven appendices, as summarized in Ta-
ble 1.

Table 1 Structure of Corrosion Protection and Repair Manual for Port and Harbour 
             Steel Structures
Part I General
 1 Outline
 2 Characteristics of steel corrosion in marine environment
 3 Influential factors on corrosion in seawater

Appendix
 1 Terms and definitions
 2 Comparison with other domestic and international standards on cathodic protection
 3 Design examples of cathodic protection
 4 Design examples of repair and strengthening
 5 Execution examples of repair for corrosion protection
 6 Life cycle cost calculation for corrosion protection
 7 Sheet of inspection and investigation results (reference)
 8 Standards for substrate preparation
 9 Underwater welding tests
 10 Products relating to corrosion protection and repair
 11 Introduction of site exposure tests conducted by research institutes in Japan

Part IV Performance evaluation and repair of corroded steel structures
 1 Performance evaluation of steel structures without corrosion protection
 2 Repair

Part III Maintenance and repair of corrosion protection
 1 General
 2 Maintenance and repair of cathodic protection
 3 Maintenance and repair of corrosion protection coating (factory coating)
 4 Maintenance and repair of corrosion protection coating (on-site coating)

Part II Design and execution of corrosion protection
 1 General
 2 Design and execution of cathodic protection
 3 Design and execution of corrosion protection coating (execution in factory)
 4 Design and execution of corrosion protection coating (execution on site)
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Major Points of Revision
• Influential Factors on Corrosion 

Caused by Macro-Galvanic Cell
The following four factors to have an in-
fluence on macro-galvanic cell corrosion 
that is a major reason of concentrated 
corrosion are discussed: (1) corrosion in 
the tidal zone, (2) intrusion of river wa-
ter, (3) level of lower end of the concrete 
superstructure, structural type and water 
depth, and (4) marine organisms and lo-
cal detachment of rust layer.

• Corrosion Rates of Steel Em-
bedded in Seabed Soil, in Rub-
ble and in Backfilling Stone

The corrosion rates of steel embedded 
in seabed soil and in rubble and in direct 
contact with backfilling stone are be-
lieved to be sufficiently low. Moreover, 
it is difficult to inspect the corrosion state 
of steel there. However, we have been re-
ported that concentrated corrosion some-
times occurs under certain conditions. 
Accordingly, the Manual recommends 
that, if possible, we conduct excavation 
survey on those parts of steel members 
particularly when we plan to extend the 
lifespan of the structures.

• Selection of Corrosion Protec-
tion Coating Methods

Table 2 lists the classification of corro-
sion protection coatings with their up-
dated information in which applicabili-
ty, expected service life, initial costs and 
records of past application are provid-
ed only as guides. The information was 
compiled from the records of past appli-
cation and the results of long-term expo-
sure tests. When using the table, it should 
be reminded that the applicability actual-
ly depends on the environmental condi-
tions and regional characteristics.

Table 2 Applicability of Typical Corrosion Protection Coating Methods

Methods

Applicability
Zone

Applicability
Member type

Conditions
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Painting Marine thick epoxy resin coating

Polyethylene coating

Urethane elastomer coating

Super thick epoxy coating

Super thick polyurethane coating

Seawater-resistant stainless steel coating

Thin titanium clad steel coating

Thick clad steel coating

Painting-type coating

Putty-type coating

Wetting area-type coating

Fiber reinforced plastics cover

Corrosion resistant metal protective cover

Fiber reinforced plastics cover

Corrosion resistant metal protective cover

Removing form type

Stay-in-place form type

Heavy duty
anticorrosion

coating

Super thick film
coating

Corrosion
resistant metal

coating

Underwater
coating

Petrolatum
coating

Mortar coating

Reinforced
concrete coating

<Note>
Applicability (zone) : Applicable : Generally unapplicable : Unapplicable
Applicability (member type) : Applicable : Depending : Unapplicable
Expected service life : Approx. 50 years : 30-35 years : 20-25 years
Initial application cost (factory) : Less costly : Medium : Costly
Initial application cost (on-site)  : Medium : Costly
Record of past application : Many : Medium : Few
*1) Factory application is generally less costly than on-site application.
*2) Expected service life of the heavy duty anticorrosion coating is for only pipe pile, and that is      for sheet pile.
*3) Thick clad steel coating is applicable for bending pipe, while it is unapplicable for spiral pipe and electric resistance welded pipe.
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• Selection of Corrosion Protec-
tion Systems

The corrosion protection systems that 
should be applied to port and harbor 
steel structures are schematically shown 
in Fig. 1. The Technical Standards and 
Commentaries for Port and Harbour Fa-
cilities in Japan3) stipulate the combina-
tion of coating and cathodic protection 
as depicted in the figure, among which 
system (A) is regarded as a standard cor-
rosion protection measure. The Manu-
al follows the Technical Standards but 
specifies that the lower end of corrosion 
protection coating is variable depending 
on seawater quality etc. within the prin-
ciple of the standard, while it is specified 
to be L.W.L.–1 m in the Technical Stan-
dards.

• Design and Execution of Corro-
sion Protection Coating (Facto-
ry Coating)

Marine epoxy glass flake coating system 
has been merged in marine thick epoxy 
coating (Table 2). The target steel mem-
ber has been changed to which polyeth-
ylene coating can be applied (Table 2). 
The period during which corrosion pro-
tection is thoroughly expected for su-
per thick film coating has been updated 
to be 35 years based on marine expo-
sure tests. Expected life extension of su-
per thick film coating is specified when 
weather resistance topcoat is applied. 
Furthermore, the thick clad steel coating 
has been added in the corrosion resistant 
metal coating method (Table 2).

• Design and Execution of Corro-
sion Protection Coating (On-site 
Coating)

The period during which corrosion pro-
tection ability was confirmed in marine 
exposure tests has been added (Table 2). 
A reinforced concrete coating has been 
included in the scope of application of 
the corrosion protection methods (Table 
2). The details of the design and execu-
tion of the reinforced concrete coating 
that is applied for the recovery of me-
chanical performance of steel members 
are described in Part IV of the Manual.

Regarding the petrolatum coating, 
since the earlier version of the Manual 
only described the specifications of the 
protective cover, an example of its spec-
ifications has been added. Moreover, by 
distinguishing between protective cov-
ers currently applied and those previ-
ously applied, the Manual improves con-
venience at the selection of protective 

covers. In the description of the substrate 
treatment, reference photos are provided 
for each surface preparation grade to eas-
ily identify the differences. In addition, 
commentaries are given that a residu-
al film after substrate treatment does not 
cause any problems on corrosion protec-
tion ability in the petrolatum coating.

• Harmonization with ISO 12944 
Series

Revisions to ISO 12944 series titled 
“Paints and varnishes-Corrosion pro-
tection of steel structures by protective 
paint systems” has been reflected in the 
Manual regarding the classification of 
corrosive environments. Standard corro-
sion rate of as 200 to 700 μm is provid-
ed for the extreme corrosive environ-
ment.

• Design and Execution of 
   Cathodic Protection
Factors to be considered when determin-
ing the current density of corrosion pro-
tection are identified: (1) classification of 
clean sea area and polluted sea area, (2) 
high current flow, (3) high wave, (4) bur-
ied parts, such as under seabed, in rub-
ble and in direct contact with backfilling 
stone, (5) rust layer formed due to long-
term non-corrosion protection, and (6) 

the effects of corrosion protection coat-
ing and concrete superstructure.

Corrosion protection, such as cathod-
ic protection, is not generally applied for 
the part of steel member in direct contract 
with backfilling stone because the corro-
sion rate there is generally low. Howev-
er, particular corrosion protection should 
be required when the corrosion rate of 
steel is high under special environments. 
The following two examples are provid-
ed for such the corrosion protection mea-
sures: (1) cathodic protection with im-
pressed current using an external power 
supplier applied to tie rods and anchor-
age piles and (2) cathodic protection with 
small aluminum sacrifice anodes applied 
to ring joints and turnbuckles of tie rods.

Regarding the corrosion protection ef-
ficiency, it is necessary to determine an 
appropriate value based on the actual 
corrosion protection efficiency in the tar-
get environment. In addition, it has been 
added that the efficiency of cathodic pro-
tection can be evaluated using the cor-
rosion rate during corrosion protection 
when the corrosion protection efficiency 
cannot be directly obtained.

The reference values of the coefficient 
of the initial corrosion protection current 
density related to the reduction current of 
corrosion in clean seawater are provided.

Fig. 1 Corrosion Protection Systems for Port and Harbor Steel Structures
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• Maintenance and Repair of Cor-
rosion Protection Work

The classification of inspection and diag-
nosis of port and harbor structures is speci-
fied by adding the concept of maintenance 
work for highly prioritized facilities.

Photos of damages with corrosion are 
provided for examples.

Examples of the application of latest 
information and communication tech-
nologies (ICT) that have high potentials 
for use in inspection and diagnosis have 
been added.

Furthermore, the threshold potential 
for the judgment of corrosion protection 
ability of cathodic protection at the ini-
tial inspection has been corrected from 
–800 mV to –780 mV. In addition, it is 
noted that it takes long for the corrosion 
protection current to reach the steady-
state when a steel member is in a non-
corrosion protection state.

As a detailed investigation method, 
electrochemical impedance measure-
ment technique has been added.

To avoid galvanic corrosion, it is rec-
ommended that the potential measure-
ment of cathodic protection be per-
formed every 1 to 2 years. In addition, 
thickness measurement of corrosion re-
sistant metal has been added to an in-
spection and diagnosis item.

• Performance Evaluation and 
Repair of Unprotected Steel 
Structures

The flow of maintenance and repair from 
inspection and diagnosis of steel mem-
bers to the evaluation of structural per-
formance for decision making on the 
necessity of repair is shown in Fig. 2. 
Specifications and commentaries on the 
process according to the flow in the fig-
ure have been added.

The commentaries on the reduction 
rate of 70% in on-site underwater weld-
ing have been modified. In addition, the 
considerations for an underwater weld-
ing test have been updated.

• Appendices
The appendices of the earlier version of 
the Manual have been updated. In Ap-
pendix 3, design examples of cathodic 
protection according to the Manual are 
compared to those according to DNV-
RP-B4015) and ISO 131746). The Manual 
calculates less number of sacrifice anodes 
than the other standards mainly because 
of the difference in effective current ca-
pacities of the anodes.

Appendix 11 “Introduction of site ex-
posure tests conducted by research insti-
tutes in Japan” has been added.

Conclusions
The revision work was conducted as a 
collaborative study between the Coast-
al Development Institute of Technolo-
gy and the Society of the Research for 
Corrosion Protection Technology for 
Maintenance. A revision committee was 
established, which was composed of re-
searchers, practical maintenance engi-
neers, government officials, port man-
agers, and engineers concerned with the 
manual, to make the Manual even more 
practical and reliable. All the commit-
tee members hope that the Manual will 
be of help to those in charge of design, 
construction, and maintenance and repair 
work for port and harbor steel structures.
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Fig. 2 Flow of Maintenance and Repair of Corrosion Protected and 
Unprotected Steel Members 
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Needs for AWT Development
In steel structures exposed to air-borne 
salt environments, severe corrosion with 
high corrosion development rates is like-
ly to occur in the structural members 
where nearly no effect of rain washing 
on the adhered salt is observed and the 
sea salt is accumulated. Once the steel 
member has undergone severe corro-
sion, corrosion products including the 
salts in the corrosion pit bottom cannot 
be removed by the use of power tools. 
Even when blast treatment is applied, it 
is difficult to fully remove the salts in the 
bottom of the corrosion pit1). In partic-
ular, it is also difficult to secure an ap-
propriate quality of surface preparation 
in the corner and narrow sections and the 
gaps between bolts/nuts and bolt joint 
splice plates. As a result, under-film cor-
rosion frequently occurs due to the salts 
and corrosion products remaining on the 
steel product surface in an earlier period 
after recoating. 

In the case of applying heavy-du-
ty corrosion-protection coating, because 
of the high durability of the coating film 
and its high adhesion to the steel sub-
strate, corrosion does not develop on 
the steel product surface but is liable to 
develop to the thickness direction. Due 
to such corrosion development behav-
ior, when under-film corrosion occurs, 
it becomes difficult to remove salts and 
corrosion products by means of surface 
preparation at the stage of recoating. 

Particularly for weathering steel ap-
plied in bridge construction, when unusu-
al corrosion occurs due to salt damage, 
surface preparation (the preparation of 
the substrate) is required with the change 
of specifications from uncoating to coat-
ing. However, a dense and firm corro-
sive product layer is formed in weather-
ing steel, and a larger amount of salt is 
liable to remain in such layers compared 
to ordinary carbon steel1). This makes it 

more difficult to remove salts and corro-
sion products in weathering steel than in 
ordinary carbon steel.

In order to cope with these situa-
tions, we developed a new technology-
AWT (abrasive water-jet treatment)2) that 
breaks through diverse tasks imposed on 
conventional surface preparation meth-
ods for severely-corroded members and 
allows for the highly-efficient and thor-
ough removal of salts and corrosion 
products in severely-corroded members 
and narrow structural sections over con-
ventional technologies. Further, AWT 
aims at significantly improving surface 
preparation efficiency and reducing the 
generation of industrial waste in compar-
ison with the blast treatment method. 

In this development, we noticed an 
ultrahigh-pressure water multiphase flu-
id prepared by mixing the abrasive in-
to the ultrahigh-pressure water that is 
applied to conventional AWJ (abrasive 
water jet) technology for cutting high-
hardness high alloys and CFRP-metal 
composite materials at high speed with 

high precision. In addition, we newly fo-
cused on the following two aspects: the 
water wedge effect to allow the high-
speed peeling and removal of corrosion 
products by infiltrating ultrahigh-pres-
sure water into cracks inside the corro-
sion product layer2) while at the same 
time exposing these cracks; and the wa-
ter flow action to allow the efficient re-
moval of corrosion products in narrow 
and gap sections, which was impossi-
ble by means of blast treatment. Fig. 1 
shows a schematic diagram of abrasive 
water-jet treatment (AWT). 

This article introduces part of the ba-
sic interdisciplinary examinations em-
ploying convergence-type nozzles (AWJ 
nozzles) for use for cutting2), which were 
made in the process of developing AWT, 
and the applicability of diffusion-type 
nozzles (AWT nozzles) for use for sur-
face treatments on the severely-corroded 
sections, which were newly developed 
based on the basic knowledge obtained 
from these basic examinations:

Ultra high-pressure water

Divergent

Abrasive head

Abrasive Abrasive

#80

100 μm

Substrate 

Water temperature: 70°C

Cutting (AWJ) Surface treatment (AWT)

Fig. 1 Schematic Diagram of AWT
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Testing Methods
• Surface Treatments
A carbon steel product (JIS G3106 
SM490A, 70×70×6 mm) was adopted as 
the test specimen material. Garnet (grain 
diameter: #30/60) was used as the abra-
sive material. Table 1 shows the stand-
off distance and treatment conditions of 
AWT (abrasive water-jet treatment). Fur-
ther, blast treatment was applied to com-
pare with AWT. In the blast treatment, the 
standoff distance was set at 200 mm, the 
pressure at 0.7 MPa, the angle at 90° and 
the time at 5 sec. The AWJ nozzle was 
used as the nozzle in AWT processing. 
The AWT specimens with standoff dis-
tances of 100, 200 and 300 mm are called 
AWT-1, AWT-2 and AWT-3 respectively. 

• Measurement and Analysis 
Methods

The surface property of the steel substrate 
subjected to AWT and blast treatment 
was observed by means of a digital mi-

croscope. The surface roughness and the 
cross-section profile of specimens were 
measured employing a 3D laser micro-
scope. A micro-Vickers hardness meter 
was used to measure the microhardness 
value HV of steel substrate. The surface 
morphology after surface preparation was 
observed employing the microscope. 

In order to make a relative compari-
son of the compressive residual stress 
of the specimen surface after respective 
surface treatments, the surface was ana-
lyzed by means of the x-ray diffraction 
(XRD) method. For the XRD measure-
ment conditions, the x-ray source was set 
at Cu-Ka ray, and the voltage and cur-
rent of bulb output at 40 kV and 30 mA. 
In addition, the scan range was set at 
40°~90°.

Test Results
• Surface Roughness
Fig. 2 shows the microstructures of steel 
substrate surfaces subjected to AWT 

(abrasive water-jet treatment) and blast 
treatment. The peak value of surface 
roughness of the AWT specimens was 
about 2 times higher than that of the 
blast-treatment specimens. In particular, 
the AWT-1 specimen showed the high-
est peak value of 410 μm, and as the 
standoff distance decreased from AWT-
3 to AWT-1, the peak value tended to in-
crease. This was attributable to the fact 
that, as the standoff distance decreased, 
the energy and energy density that collid-
ed with the steel surface increased, and 
as a result the erosion depth increased. 

Fig. 3 shows the cross-section profile 
of the specimens subjected to AWT and 
blast treatment with a standoff distance 
set at 200 mm. The figure shows the re-
sults of the surface roughness assessed in 
terms of the contour diagram and surface 
roughness profile. The peak/valley range 
and surface roughness of AWT-2 showed 
considerably higher values compared to 
those of the blast-treatment specimens. 

Table 1 Test Parameters for AWT Process

Specimen

AWT-3

AWT-2

AWT-1

Standoff distance
(mm)

300

200

100

Abrasive supply
(g/min)

600

Pressure
(MPa)

230

Traverse speed
AWT machining

(m/min)

1

Nozzle diameter
(mm)

2

Water flow
(L/min)

11.9

Peak value

(a) AWT-1 (b) AWT-2 (c) Blast treatment

Fig. 2 Surface Morphologies2)
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Fig. 4 shows the surface roughness 
Ra and Rzjis of the specimens sub-
jected to AWT and blast treatment. 
The AWT specimen showed a surface 
roughness about 2 times higher than 
that of blast-treatment specimens, and 
as the standoff distance increased, the 
surface roughness tended to slight-
ly decrease. It was assumed that this 
was attributable to the fact that the col-
lision energy for the steel substrate of 
AWT specimens was higher than that 
of blast-treatment specimens. 

Fig. 5 shows the cross-section pro-
file and the maximum erosion depth 
of the specimens subjected to AWT 
and blast treatment. It was assumed 
from the cross-section profile of AWT-
2 that a lip was formed on the trench 
edge shown in Fig. 5(a) due to the oc-
currence of plastic flow. On the other 
hand, a lip was not formed with blast 
treatment. 

Fig. 5(b) shows the maximum ero-
sion depth. The maximum erosion 
depth of AWT specimens became larg-
er than that of blast-treatment speci-
mens regardless of the standoff dis-
tance of 100~300 mm. The maximum 
erosion depth of the specimens sub-
jected to AWT by setting a standoff dis-
tance at 200 mm was 1.5 times or more 
that of blast-treatment specimens. 

• Microhardness Values and 
Cross-section Profiles

In AWT, it is possible to perform sur-
face treatment by the use of abrasive-
derived collision energy that is ob-
tained by mixing the abrasive into 
ultrahigh-pressure water and is consid-
erably higher than the collision energy 
in blast treatment. In light of this, the 
energy absorbed by steel plates sub-
jected to AWT was assessed based on 
the change of microhardness and mi-
crostructure beneath the surface of 
specimens, the results of which are in-
troduced below:

Fig. 6 shows the microhardness of 
respective specimens. The mean hard-
ness of untreated specimens (basic ma-
terial) was 150~200 HV. After being 
subjected to AWT, the hardness of the 
specimens increased and reached the 
maximum level at their surface. The 
maximum hardness of AWT-1 with a 
minimum standoff distance of 100 mm 
was 268 HV. The maximum hardness 
of AWT-2, AWT-3 and the blast-treat-
ment specimen was 253, 242 and 224 
HV respectively. 

Fig. 7 shows the plastic deformation 
of steel product specimens after surface 
preparation. Regardless of the surface 
treatment methods applied, the hardness 
of the specimens increased due to the 
formation of a surface layer that caused 
plastic deformation. In the case of ap-

plying AWT, as the collision energy of 
the abrasives increased, the hardness in-
creased, and the maximum compressive 
residual stress appeared at the sections 
in which the maximum plastic deforma-
tion occurred. In the AWT specimen, as 
the standoff distance became shorter, the 
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plastic deformation on the surface and in 
the inner layer became larger. Howev-
er, the depth and range of plastic defor-
mation for blast treatment were less than 
those for AWT.

Fig. 8 shows the x-ray diffraction 
(XRD) patterns of the untreated spec-
imen and the specimens subjected to 
AWT and blast treatment. Every speci-
men had 3 high peaks including (110), 
(200) and (211) α-ferrite surfaces. The 
diffraction angle of the specimens sub-
jected to AWT and blast treatment slight-
ly shifted to the low side vs the α-Fe 
peak at every surface of the untreat-
ed specimens. It can be said from these 
results that compressive residual stress 
occurs on the surface of steel products. 
Further, because the plastic deformation 
reached the highest level in AWT-1, the 
highest compressive residual stress oc-
curred here, and the shift of α-Fe peak 
became the highest. These results mean 
that the highest compressive residual 
stress was introduced in AWT-1. 

Applicability of AWT Nozzle to 
Severely-corroded Structural 
Sections
The applicability of the AWT nozzle devel-
oped based on basic knowledge obtained 
in the above tests is introduced below: 

The target section is salt damage-in-
duced severely-corroded bolted joints 
collected from an uncoated weathering 
steel bridge built in an air-borne salt en-
vironment. The thickness of layered rust 
was about 10 mm or higher.

Fig. 9 shows the AWT processing of 
steel substrate of a corroded bolted joint 
and the surface condition of the bolted 
joint after AWT. As shown in Fig. 9(a), 
the comparatively thick corrosive prod-
uct layer could be peeled and removed 
by means of the water wedge effect of ul-
trahigh-pressure water introduced above. 
Further, as shown in Fig. 9(b), corrosion 
products and salts could be completely 
removed with one AWT processing, and 
as a result, the amount of adhered salt de-
creased to 0~2 mg/m2 or lower.

In the case of applying the surface 
preparation to the corroded section of the 
target bridge and then adopting the coat-
ing specification for the corroded bridge, 
it was necessary to reduce the amount of 
adhered salt to the standard level (50 mg/
m2) or lower by the use of 9 processes-
removal of coarse rust using a hammer 
and chipper and then repeating blasting 
and water-washing about 4 times. Capi-
talizing on AWT, the total of 9 process-
es thus required by the conventional 
surface preparation method could suc-
cessfully be reduced to one process and 
at the same time the high-speed remov-
al of corrosion products and salts could 
be attained.

The high applicability of AWT to the 
salt damage-induced severely-corrod-
ed sections of steel structures has been 
verified for several uncoated weathering 
steel bridges, which has made clear that 
not only steel substrate quality but con-
struction efficiency can be significantly 
improved by means of AWT over the use 
of blast treatment. 
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Introduction
It is important to quickly assess the dam-
age to bridges after an earthquake from 
the viewpoints of safety and economy. 
When a large-scale earthquake occurs, 
it is essential to assess the structural 
damage to determine whether emergen-
cy vehicles can travel, to identify evac-
uation routes, and to prepare for recov-
ery plans. On the other hand, when a 
medium-scale earthquake hits and tem-
porarily halts the operation of railroads 
or highways but does not cause damage 
to the structures, the economic and so-
cial impacts can be mitigated by quick-
ly assessing the condition of the struc-
tures and resuming their services as 
soon as possible. For example, it took 
a long time for railroads to be put back 
into service after the 2018 earthquake in 
northern Osaka and the October 2021 
earthquake in the Tokyo metropolitan 
area. In Japan, which is an earthquake-
prone country, the effect of reducing the 
duration of outages due to earthquakes 
is not small.

Although seismic intensity informa-
tion is helpful in estimating the overall 
degree of damage in corresponding ar-
eas, it is difficult to estimate the damage 
to individual structures from seismic in-
tensity information alone because each 
structure has different dynamic charac-
teristics. It is possible to assess the seis-
mic response of individual structures by 
using seismic response spectra or to es-
timate the degree of damage by simula-
tion based on observed ground motions 
and numerical models of each structure. 
However, there are accuracy limitations 
in the assessment due to uncertainties in 
the structural models. Although the ac-
curacy of the earthquake response esti-
mation can be improved by updating the 

forward simulation. In the case of dam-
age assessment based on seismic mo-
tion, the uncertainty of the structure di-
rectly affects the damage assessment. In 
the case of existing structures, the un-
certainties may also be influenced by 
the aging of the structure and earth-
quake motions experienced in the past. 
On the other hand, if seismic response 
measurements can be used, information 
on structural uncertainties can be par-
tially included in the measured seismic 
responses, thus reducing the uncertain-
ties in the seismic motion and structural 
characteristics and providing a more re-
liable damage assessment.

The maximum response displace-
ment, residual displacement, and hyster-
etic characteristics can be used as eval-
uation indices of the damage condition. 
As shown in Fig. 2, the damage lev-
el can be estimated based on displace-

linear numerical model using small and 
medium earthquakes and microtremors, 
nonlinear characteristics do not appear 
until large earthquake motion occurs; it 
is difficult to validate the model in non-
linear regions where structures may be 
damaged unless a large earthquake oc-
curs. Thus, there are limitations in ac-
curately modeling the nonlinear char-
acteristics and evaluating the degree of 
seismic damage through simulation.

With recent advances in ICT and 
sensing technologies, it has become eas-
ier than ever before to measure seismic 
motion and seismic responses1) (Fig. 1). 
Therefore, a new approach to structural 
damage assessment taking advantage of 
seismic response measurement is being 
studied. The approach could be more ef-
fective than the conventional framework 
of damage assessment based on seismic 
intensity, seismic response spectrum, or 

Fig. 1 An IoT Node to Measure 
          Acceleration Response 
          Continuously

Fig. 2 Displacement and Damage Level (Image)
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ment. Direct monitoring of displace-
ment is a possible method for estimating 
displacement. A system that measures 
the relative horizontal displacement at 
the girder ends and alerts, when the dis-
placement exceeds a threshold value, 
has been developed and is considered 
to be effective for rapid damage assess-
ment. However, it is difficult to measure 
the displacement of the bridge piers rel-
ative to the ground because the refer-
ence point for displacement measure-
ment cannot be easily obtained. Instead, 
absolute displacement is expected to be 
calculated by numerical integration of 
ground motion and response accelera-
tion, and relative displacement is esti-
mated by the difference between them. 
The difficulty is that long-period com-
ponents cannot be estimated due to in-
tegration errors. If a high-pass filter is 
applied to reduce the integration error, 
the residual displacement component is 
also removed, making it impossible to 
evaluate the nonlinear response.

Therefore, a method to estimate dis-
placement response has been devel-
oped by using data assimilation tech-
niques such as Kalman filter where 
ground motion and response accelera-
tion are observed and analyzed with a 
numerical model. In the forward simu-
lation, the response is calculated based 
only on the ground motion and the nu-
merical model. On the other hand, in the 
data assimilation, response observation 
can also be utilized. Even if the numer-
ical model contains errors, response ob-
servations can be used to mitigate the 
effects of modeling errors and estimate 
state variables.

In this article, the method of dis-
placement estimation using data assimi-
lation is explained.

Displacement Estimation Using 
Data Assimilation
A Kalman filter alternates between a 
prediction step, which represents the 
forward analytical model in state space, 
and a filtering step, which uses ob-
served data to correct the prediction. 
Even if the prediction step is inaccu-
rate due to model uncertainty, it can be 
corrected in the filtering step. Howev-
er, if the model error is large, the cor-
rection by the filtering step is limited. 
Therefore, a method that combines an 
ordinary Kalman filter with optimiza-
tion of the model parameters of a state-
space model has been developed (Fig. 
3)2). The target structure is represented 

as a nonlinear single-degree-of-freedom 
(SDOF) system, and a trilinear model is 
employed as the hysteresis characteris-
tics (Fig. 4). The parameters of the tri-
linear model are identified using a ge-
netic algorithm. 

The target structure is a finite ele-
ment model of steel bridge piers shown 
in Fig. 5, in which a kinematic harden-

ing law is set for the shell element. The 
hysteretic characteristics of the pier, ex-
perienced during a large seismic mo-
tion, are shown in Fig. 6. The accel-
eration response of the finite element 
model was treated as measurement da-
ta in order to evaluate the displacement. 
On the other hand, when the displace-
ment is estimated, a simple SDOF tri-

Fig. 3 Overview of the Displacement Estimation Method

Fig. 4 Trilinear Model Employed 
in the Estimation Algorithm 
and Its Parameters

Fig. 5 Target Steel Pier Model

Force

Fig. 6 Nonlinear Hysteretic Characteristics of the Pier Model
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linear model with parameter uncertain-
ties is used. The estimated displacement 
in Fig. 7 shows a good agreement with 
the reference value including the resid-
ual deformation component. The ac-
curacy of the displacement estimation 
was evaluated by applying this meth-
od to various input earthquake motions, 
and it was found that the maximum dis-
placement can be estimated accurately 
as shown in Table 1.

Displacement Estimation 
Combining Data-driven Model 
Identification and Data 
Assimilation
While the aforementioned method rep-
resents the structure of interest as a 
SDOF trilinear model, the hysteretic 
characteristics of a real structure can 
be more complex. Various hysteretic 
characteristics models are employed in 
the forward simulation. However, on-
ly Markov process models, i.e., non-
linear models with no hysteretic de-
pendency, can usually be employed for 
data assimilation employing the state-
space model; the state-space equation 
describes the time evolution based on-
ly on the current state variables. Hys-
teretic models cannot be easily dealt 
with in the state space. Although the 
Bouc-Wen model is available as a hys-
teretic model that can be expressed in 
state space, most of the hysteretic mod-
els used in the forward simulation can-
not be employed in state space.

Therefore, a data-driven state-space 
model3) is employed in this displace-
ment estimation framework. A finite 
element model with complex hyster-
etic characteristics is used to calculate 
the responses to various earthquake 
motions, and the input earthquake 
motion and response acceleration are 
used to identify the state-space mod-
el. The target structure is the finite 
element model of steel bridge piers 
shown in Fig. 5. A forward simulation 
is performed with Takatori, North-
ridge, and JMA Kobe earthquake 
waves as inputs, and the acceleration 
velocity and displacement response 
data are used as training data to iden-
tify the governing equations for this 
system in the state space. More than 
100 polynomials are assumed as the 
basis functions of the governing equa-
tion and their coefficients are identi-
fied (Fig. 8). As Fig. 9 shows the iden-
tified coefficients for all of the basis 
function polynomials, the identified 

KF
KF＋Smoother
Reference

Error in dot line

Di
sp

la
ce

m
en

t (
m

)

Time (s)

Fig. 7 Estimated Displacement Time History

Fig. 8 Identification of State-Space Model

Table 1 Displacement Estimation Error for Various Ground Motion 

0.0%4.2%17.9%10.4%7.0%7.2%6.6%4.0%3.2%3.5%Error
Res.Max.Res.Max.Res.Max.Res.Max.Res.Max.

* Max: maximum estimation error, Res: residual displacement estimation error with respect to the 
maximum displacement

Ground
motion

Takatori
800 gal

San Fernando
800 gal

Northridge
800 gal

Kobe JMA 
800 gal

Imperial valley
800 gal

Fig. 9 Sparse Regression Results of Polynomial Coefficients 

0 20 40 60 80 100 120
Index

C
oe

ffi
ci

en
t

2000

0

-2000

-4000

-6000

11 Steel Construction Today & Tomorrow August 2023



parameters are sparse. The coeffi-
cients are estimated by sparse regres-
sion using the LASSO algorithm.

Forward simulation using the identi-
fied state-space model3) alone has lim-
ited estimation accuracy, and the devi-
ation from the true value is not small, 
as shown in Fig. 10. Therefore, an Un-
scented Kalman filter (UKF), one of 
the nonlinear Kalman filters, is applied 
to the identified state-space model, so 
that error in the forward simulation can 
be compensated through the update 
steps. The proposed method obtained 
displacement estimates that were al-
most equal to the true values (Fig. 10). 
Table 2 shows the maximum displace-
ment estimation error and root-mean-
square error for the training and test 
data, indicating that the combination 
of data-driven state-space model esti-
mation and the Kalman filter enables 
accurate displacement estimation.

Conclusion
A method for estimating displacement 
responses by using the seismic acceler-
ation responses of structures has been 
studied. The method has become a re-
ality with the recent development of 
ICT and sensing technologies. Dis-
placement estimation can be accurate 
by fusing observation data and numer-
ical structural models even for prob-
lems where the numerical models are 
difficult to validate, such as the non-
linear response characteristics of real 
structures. Although the earthquake re-
sponse of bridge piers has been stud-
ied so far, it is necessary to estimate 
the displacement of the entire bridge 
system as well as to consider the non-
linear behavior of movable bearings to 
understand the seismic damage of real 
infrastructure. Numerical analysis and 
monitoring techniques are both becom-
ing more and more sophisticated, and 
we would like to realize a data-based 
framework for rapidly understanding 
earthquake damage by integrating the 
two into this data assimilation frame-
work.
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Emerging Tasks in the 
Construction Industry
In terms of examining the future of 
Japan, the projection for population 
trends constitutes an extremely impor-
tant point at issue. Fig. 1 shows a pro-
jection for the population transition 
of Japan1). According to this projec-
tion, both the total population and the 
working-age population (ages:15 to 64 
years old) in Japan will continue to de-
cline, and in 2050, about 30 years from 
now, it follows that the Japanese soci-
ety will have to be supported with the 
working age population with an esti-
mated decrease to 71.5% that in 2020. 

Currently, the construction indus-
try is struggling to secure necessary 
workers. In the future, we cannot help 
but think that the construction indus-
try will be forced into an increasing-
ly difficult situation in securing these 
workers.

On the other hand, while the con-
struction of new social infrastructure 
will lose its momentum in line with a 
decreasing trend in the total popula-
tion of Japan, the construction work 
required for maintaining existing in-
frastructure that supports the activi-
ties and lives of people will follow a 
steady increase in the future. Fig. 2 
shows a recent trend in investment into 
new construction and the maintenance 
and repair of social infrastructure in 
Japan2). As can be seen in the figure, 
while investment into new infrastruc-
ture construction decreased to 60% or 

less compared to the level in the 1990s, 
the share accounted for by existing in-
frastructure maintenance and repair 

that are more complicated and diffi-
cult than new infrastructure construc-
tion increased, and this trend is fore-
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cast to continue in the future. 
In addition to the above, the con-

struction industry faces the strict task 
of how to deal effectively with natu-
ral disasters. Fig. 3 shows the annual 
frequency of heavy rains (50 mm/h or 
more) in Japan3). While there are years 
with a lot of rains and others with little 
rains, the rainfall trend shows that the 
frequency of heavy rains exceeding 50 
mm/h is steadily increasing year by year. 
The natural disasters such as not on-
ly heavy rains but also earthquakes and 
volcanic eruptions occurring in Japan are 
becoming more serious. 

In the situation of growing restrictions 
imposed on securing necessary manpow-
er and budget, the construction indus-
try faces operating conditions in which 
it must not only manage construction 
works that are more complicated and dif-
ficult than ever such as the maintenance, 
repair and renewal of existing infrastruc-
ture but must also tackle the strength-
ening of disaster countermeasures. As 
the construction industry examines how 
to cope with these problems employing 
conventional or similar approaches, it is 
considered that the industry is falling in-
to the critical condition of being unable 
to stably supply infrastructure to society 
in future years.

The working environment and con-
dition of the construction industry that 
bears these construction works are 
steadily being improved, but its level of 
wage and working hour is lower than that 
of the all-industry average. In addition, 
the number of deaths that occurred dur-
ing work in the construction industry ac-
counts for 1/3 that of all industries2). (Re-
fer to Fig. 4) 

In other words, it should be stated that 
the construction industry has not yet re-
moved itself from hard working condi-
tions-the so-called 3D (dirty, danger 
and demeaning) conditions. It is thus 
feared that the securement of human re-
sources to support the construction in-
dustry will become more and more diffi-
cult in the future.

One of the reasons considered to be 
attributable to the above is the slump-
ing labor productivity of the construc-
tion industry. Fig. 5 shows the trend of 
labor productivity by industry2). Since 
the 1990s, the manufacturing industry 
has extended wide-ranging approaches 
represented by the introduction of auto-
mated and other new operating technolo-
gies into production lines, which has led 
to notable productivity improvements 

for past 20 years. On the other hand, in 
the situation of annually decreasing in-
frastructure investment, the need to im-
prove productivity has not been recog-
nized in the construction industry due to 
its oversupply of labor force, and as a re-
sult the construction industry has lapsed 

into the condition for productivity to de-
cline rather than to rise.
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Towards the Improvement of the 
Operating Structure of the 
Construction Industry-Start of 
“i-Construction”
Given such conditions, the Ministry of 
Land, Infrastructure, Land and Tour-
ism has launched a new strategy called 
“i-Construction.” Its main aim is to re-
form the construction industry to a re-
newed one symbolized with three new 
specified terms-“high wage levels, suf-
ficient holidays and hopeful work” that 
will be realized through the substantial 
improvement of productivity.

Specifically, with i-Construction, pro-
ductivity is improved by capitalizing on 
diverse approaches centered on three tac-
tics: the aggressive application of ICT 
in construction operations, which has 
lagged behind that of the manufactur-
ing industry; the standardization of con-

struction work specifications to improve 
inefficiencies caused by mono-item and 
on-site construction operations; and year-
round levelled execution of construction 
operations vs. the order placements that 
are significantly biased depending on the 
season, and then “high wage levels, suf-
ficient holidays and hopeful work” can 
be realized employing these approaches. 
The final goal is to renew the operating 
structure of the construction industry by 
making the most of i-Construction4). In 
order to securely attain the final goal, ex-
pectations are high for productivity im-
provement by, among others, the aggres-
sive application of ICT technology.

In ICT-applied construction, the high 
work efficiency and labor saving are re-
alized by making the most of 3D data 
cross-sectionally in an entire construc-
tion process from surveying and design/

construction planning to inspection and 
maintenance, through which the produc-
tivity is to be improved (refer to Fig. 6). 
After six years since the introduction of 
i-Construction, productivity improve-
ment by means of ICT-applied construc-
tion has shown steady achievements, but 
in the small to medium-scale projects or-
dered by local governments, the intro-
duction has been delayed due to such 
obstacles as high hardware/software in-
troduction costs and the nurturing of nec-
essary engineers who can use them.

Given such conditions, under the ban-
ner of digital transformation (DX), the 
society as a whole is undergoing major 
changes capitalizing on digital technolo-
gies. In light of this, it is considered that 
i-Construction has reached the stage of 
entering the next phase. 

Website of FUKUICOMPUTER, Inc.

Website of Komatsurental DotouWebsite of NPO Green Earth Photo: Okumura Engineering Corp.
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From i-Construction to 
Infrastructure DX
Digital transformation (DX) refers to 
the concept in which a whole concept of 
business operations and commercial dis-
tribution is reformed by fundamental-
ly transforming existing organizations/
mechanisms, procedures and flows of 
goods and information with the optimum 
use of high-speed internet, cloud servic-
es, AI and other advanced digital tech-
nologies and beyond the framework of 
the improvement of business operations 
efficiency and the promotion of labor 
saving. 

In this connection, the Ministry of 
Land, Infrastructure, Transport and Tour-
ism has advocated infrastructure DX and 
in March 2022 launched an action plan 
for its achievement5). The main aim is to 
radically transform what infrastructure 
improvement should be beyond the con-
ventional framework of ICT construction 
systematized mainly by the use of 3D da-
ta and further by capitalizing on not on-
ly ICT and other diverse new technolo-
gies but also digital twins, automation, 
AI, virtual and other advanced technol-
ogies. (Refer to Fig. 7)

It is the concept of the digital twin, 
among others, that attracts particular at-
tention. Digital twin is a simulation tech-
nology with which data is collected in the 
real world by making full use of diverse 
sensors and IoT to connect them and 
the real world is reproduced as faithful-
ly as possible in the cyber space (virtual 
space) by the use of this collected data. 
In the world of the digital twin, simula-
tions are carried out by freely changing 
the scenarios and input conditions in the 
cyber space (virtual space) to express re-
al phenomena, and thus simulations can 

be repeated many times. (Refer to Fig. 8)
In light of this, for example, the digi-

tal twin technology allows for the repro-
duction of various aspects by means of 
simulation-the damage assumed when 
an unexpected disaster occurs, the time 
and cost required for reconstruction and 
the impact on nature. This enables ex-
traction of the ideas for the state of an 
ideal city that minimizes the impact of 
disasters and incorporation of these ideas 
into urban planning practice. It also be-
comes possible to estimate in advance 
the effects and costs involved in the in-

Source of information: SoftBank Business Blog 
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troduction of new policies and technol-
ogies and thus select and implement 
the most effective methods and tools 
based on the digital twin. In the future, 
it is forecast that infrastructure improve-
ments will be based on digital twins and 
promoted more efficiently. 

From now on, the construction indus-
try will reform its operation structure by 
introducing various kinds of digital tech-
nology, but reckless introduction will not 
always bring about needed effects. To 
that end, it is required for the industry to 
make efforts toward the effective intro-
duction of digital technologies. In order 
to meet such a requirement, lean man-
agement is attracting attention.

Introduction of Lean Management
In order to cope with soaring person-
nel expenses in the bubble economy pe-
riod in the latter part of the 20th centu-
ry, Toyota Motor Corporation worked 
out the “TOYOTA Production System” 
that systematically extracts operational 
improvement measures on the produc-
tion floor and promotes their practical 
application. The Massachusetts Institute 
of Technology systematized a new man-
ufacturing system via research on the 
TOYOTA Production System6), which 
was named the “Lean Manufacturing 
System.” Application of the Lean Man-
ufacturing System filtered into not on-
ly the manufacturing industry but other 
general industries, which led to the es-
tablishment of lean management. 

The term “lean” means flab-free, 
compact or slim. In the lean manufactur-
ing system, the total cost and lead time 
through an entire production process are 
reduced by the optimized use of diverse 
approaches-just-in-time in which nec-
essary materials and parts are accurate-
ly secured whenever they are required; 
maintaining a waste-free manufacturing 
environment by means of the thorough 
introduction of five terms-sort, tidy, 
cleaning, clean and discipline; the ear-
ly detection of malfunctions; revealing 
defects by means of visualization; and 
“KAIZEN” (continuous improvement). 

Of these approaches, KAIZEN, which 
is accepted as a universal term, is a 
means to link the improvement measures 
proposed by those working on the pro-
duction floor to the enhanced efficiency 
of an entire production process. It can be 
said that KAIZEN is the most sought-af-
ter factor needed in reforming construc-
tion operations. 

Various kinds of approaches are avail-

able in the promotion of lean manage-
ment. In this connection, how to intro-
duce lean management in the field of 
construction and how to streamline con-
struction operations by capitalizing on 
lean management are introduced below:  

In the Lean Manufacturing System, 
on-site works are classified into the fol-
lowing three elements to examine the en-
hancement of work efficiency and labor 
saving to be attained by the use of this 
system:
• Value-added work: Direct addition of 

added value required for the product; 
the essential work required to attain the 
purpose of production

• Accompanying work: Necessary work 
but auxiliary work that does not add val-
ue to the product directly

• Wasted work: Primarily non-applied, un-
necessary work
Below, application of these three con-

cepts to earthwork in road construction 
is examined:

• Value-added work
The aim of road earthwork is to structure 
the filled-up ground and the roadbed pri-
or to pavement. Accordingly, value-add-
ed work covers a series of construction 

works from the drilling of the natural 
ground to the transport of drilled earth, 
the laying and levelling of transported 
earth and the compaction of the roadbed 
(refer to Photo 1). In these construction 
works, because the earth must be treat-
ed by the use of construction machinery, 
comparatively large-scale measures such 
as the introduction of construction robots 
are required for enhancing work efficien-
cy and labor saving. 

• Accompanying work
Accompanying work in construction in-
clude photographing of construction 
conditions, surveying, document prepa-
ration and the measurement of finished 
shapes. While these works do not fall in-
to the building of filled-up ground and 
roadbeds, they are necessary in com-
pleting the road construction. In general, 
these works require workforce and time, 
and thus it can be said that it is easy to 
improve work efficiency and labor sav-
ing by introducing ICT. Enhanced pho-
tographing efficiency by the use of elec-
tronic blackboards and cell phones and 
the use of video in place of documents 
can be cited as appropriate examples (re-
fer to Photos 2 and 3). 

Small-size electronic 
blackboard

Photo 1 Value-added work in road earthwork

Photo 3 Treatment of measurement data

Photo 2 Application of small-size electronic 
             blackboard

(Source of information: Okumura Engineering 
Corporation and KENSETSU SYSTEM Co., Ltd.)

(Source of information: Okumura Engineering 
Corporation and KENSETSU SYSTEM Co., Ltd.)

On-site input of 
measurement 
data
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• Wasted work
Wasted work such as the adjustment time 
between processes and the waiting time 
required for inspection is a factor that 
is basically not involved in construc-
tion, and it is thus necessary to shorten 
these times as much as possible. In or-
der to meet such a need, an approach that 
has recently attracted attention is con-
struction site-attendance technology em-
ploying video. Because the time required 
for accessing remotely-located construc-
tion sites can be reduced by means of this 
technology, it is possible to broadly re-
duce construction time and also to car-
ry out closer construction site control by 
increasing the frequency of attendance at 
construction sites due to its simple appli-
cability7). (Refer to Photo 4)

Fig. 9 shows an image of the improve-
ment of working hours for construction 
engineers brought about by reduced ac-
companying work and wasted work. 
Capitalizing on the reduction of accom-
panying work and wasted work using di-
verse tools and devices or the construc-
tion of lightweight structures, they can 
perform more activities with higher add-
ed value while having temporal allow-
ance.

Towards a Construction Industry 
in the DX Age
The construction industry is definitely 
moving towards transformation. The in-
dustry has gained a great opportunity to 
establish an operating structure that can 
overcome diverse problems forecast to 
surely visit in the future. While society 
is moving into an emerging trend of dig-
ital transformation (DX), the construc-
tion industry is currently in the midst of 
an age in which it can capitalize on this 
trend and thus promote its transforma-
tion. 

In light of this, new transformation 
efforts will be made in the industry. It 
should be realized, however, that they 
will not always be successful. Some ef-
forts may end in failure. Of great impor-
tance in this case is not to criticize such 
failures, but to foster a culture of appre-
ciating new challenges. It is also rec-
ommended that efforts should start with 
small initiatives for improvement, rather 
than embarking on massive efforts from 
scratch. If a small-scale attempt produc-
es good results, the scope of the effort 
should be expanded. Conversely, if the 
attempt produces little effect, an effective 
way to proceed would be a commitment 
to new alternatives by drawing reason-

able lessons from previous experiences.
Expectations are high for the con-

struction industry to transform into a vi-
brant industry through such efforts.
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The Japan Iron and Steel Federation 
(JISF) implemented technical coopera-
tion program in the steel sector for Thai-
land from 2008 to 2016 based on the 
intergovernmental agreement of the Ja-
pan-Thailand Economic Partnership 
Agreement (JTEPA). Since 2017, JISF 
has been providing the technical coopera-
tion to the Thai steel industry as a cooper-
ation program between JISF and the Iron 
and Steel Institute of Thailand (ISIT) on 
an annual basis. The program mainly in-
volves the standardization of steel prod-
uct in Thailand, including formulation of 
steel product standards in Thailand and 
technical guidance to strengthen a quali-
ty inspection system of the testing labora-
tory owned by ISIT. 

While the majority of the Thai In-
dustrial Standards (TIS) for steel prod-
ucts are based on the Japanese Industrial 
Standards (JIS), also by the trust fostered 

At the SEAISI Steel Mega Event & Ex-
po held in Kuala Lumpur, Malaysia on 
November 17, 2022, Dr. Muslinang 
Moestopo of the Indonesian Soci-
ety of Steel Construction delivered a 
lecture titled “Seismic Evaluation of 
Steel Frames Using High-Performance 
Steel.” The lecture was given as an 
achievement of the joint research by 
the Japan Iron and Steel Federation, 
the Japanese Society of Steel Construc-
tion and the Indonesian Society of Steel 
Construction.

In this joint research, trial design 
was performed on general-purpose 
buildings to be constructed in earth-

through these cooperation program, JISF 
has received a request from the Thai In-
dustrial Standards Institute (TISI) to con-
tact agreement to use the copyright of 
JIS steel standards which are held by the 
JISF’s Standardization Center. As a re-
sult, a Memorandum of Understanding 
on the use of JIS copyrights was signed 
between JISF, TISI and ISIT in July 2022. 
The conclusion of the MoU is expected 
to increase the compatibility between TIS 
and JIS standards for steel products and 
improve market access for Japanese steel 
products in Thailand. As the MoU in-
cludes ISIT publishing an English trans-
lation of the TIS steel standards based on 
JISF’s request, it is also expected to fa-
cilitate the business activities of Japanese 
steel companies in Thailand.

Under the steel technical cooperation 
program in FY2022, JISF conducted a 
technical guidance and seminar by the 

Japanese experts to the ISIT Testing Lab-
oratory which covered analysis of coating 
layer, appropriate use of the testing equip-
ment and management system in Bang-
kok in January 2023 together with a sem-
inar on JIS steel standards such as Steel 
Sheets and Strips, Steel Pipes, Steel Bars, 
Steel Sheet Piles and mechanical testing 
for Metallic Materials for TISI officials 
and ISIT member companies by the ex-
perts of JISF’s Standardization Center.

quake-prone Indonesia employing the 
local standard and SN steel product, a 
typical high seismic-performance steel 
from Japan, for which seismic evalu-
ation was made. Specifically from the 
aspect of the risk assessment of build-
ings in the event of earthquakes, it was 
understood from the evaluation results 
that building performance close to the 
design performance required for local 
buildings could be secured by applying 
SN steel with less deviations in yield 
points and that building performance 
to protect human lives and social assets 
could be improved by capitalizing on 
high-performance steel.

After the lecture, there was a Q&A 
session with the participants, which sug-
gested growing interest in high perfor-
mance steel emerging in Southeast Asia.

JISF Operations

Conclusion of a Memorandum of Understanding 
with Thailand on the Use of JIS Copyright and the 
FY2022 Japan-Thailand Steel Cooperation Program

Lecture on “Seismic Evaluation of Steel Frames 
Using High-Performance Steel” at SEAISI Event


