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1.   Introduction

NTT provides telecommunication services by both 
wired facilities such as optical and metallic cables 
and wireless facilities for mobile communications 
(Fig. 1). Major NTT buildings invariably have either 
gray (Fig. 2) or red-and-white (Fig. 3) steel towers on 
their roofs, which are essential to wireless communi-
cations. These towers are so familiar that many people 
use them as landmarks when giving directions and 
finding their way around. This article describes coat-
ings for protecting steel towers from corrosion while 
referring to a coatings inspection manual that was 
revised last year. It also touches upon bridges, whose 
steel materials are likewise protected by coatings, and 
discusses current issues for the use of paints.
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Fig. 2.   Gray steel tower (unmarked).

Fig. 3.   Red-and-white steel tower (marked).

Wired facilities 
(optical or metallic cable)

Wireless 
facilities

Fig. 1.   Schematic of wired and wireless facilities.
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2.   Outline of steel tower coatings

Steel towers used for telecommunications consist 
of steel materials treated by hot-dip galvanization 
(zinc plating). Specifications for main bridge compo-
nents call for HDZ55 plating with 550 g of zinc per 
� m� and an average film thickness of about 80 µm, 
while those for hand rails and gratings call for 350 g 
of zinc per � m�. 

It was originally accepted that zinc plating would 
halt the progress of corrosion through the formation 
of white rust (mainly zinc hydroxide), which pro-
vides protection. However, in environments where 
corrosion can be severe such as islands and coastal 
areas and hot-spring areas, there are many situations 
in which corrosion can progress, as listed in Table 1, 
leading to the formation of red rust (iron oxide) 
(Fig. 4). Moreover, if the corrosion of steel together 
with wastage is allowed to continue, the main col-
umns or other components of a steel tower may have 
to be replaced.

2.1   Reasons for coatings
Telecommunication steel towers are coated for the 

following reasons, including coating repair to prevent 
corrosion-related failures. 
(�)  To apply daytime markings indicating obstacles, 

as stipulated by Japan’s Civil Aeronautics Act*�  
(seven alternating red and white bands 
required)

(�)  To observe directives from the Ministry of the 
Environment (with respect to national parks, 
natural parks, etc.) 

(3)  To repair zinc-plated steel towers

Table 1.   Corrosion rate of zinc-plating in different atmospheres.

Category Average corrosion rate (µm/year) *2

1

2

Average corrosion rate (µm/year) *1

1.3

0.63

1.5

Urban industrial area 

Rural area

Coastal area

*1  Source: Japan Galvanizers Association, results for atmospheric exposure tests (1992–1997), JIS 
H 8641 “Hot Dip Zinc Galvanized Coating”.

*2  Estimates normally used by the NTT Technical Assistance and Support Center (see nationwide 
map, Fig. 5). 

Fig. 4.   Example of corrosion in steel materials (red rust).

Fig. 5.   Corrosion rate of zinc throughout Japan.
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*� Extract from the Civil Aeronautics Act. Article 5�-�: “Any person 
who has installed a chimney, steel tower, or any other object 
specified by Ordinances of the Ministry of Land, Infrastructure, 
Transport and Tourism, which is considered to be difficult to 

perceive from aircraft in the light of day and is also at the height 
of 60 m or more above the ground or water, shall install obstacle 
markings upon the object pursuant to the provision of Ministry’s 
Ordinances.”
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2.2   Colors of coatings
The colors of coatings for steel towers are listed in 

Table 2.

2.3   Roles of coatings
The main purpose of a coating is to prevent corro-

sion of steel materials treated by hot-dip galvaniza-
tion. The standard film thickness of a coating is at 
least ��5 µm in a general environment and at least 
�50 µm in a highly corrosive environment such as an 
area susceptible to attack by chloride. The features 
and purpose of each layer of applied coating are sum-
marized in Table 3.

2.4   Past steel-tower coating failures
In recent years, some steel towers located in ordinary 

areas that were coated according to specifications in 
the current inspection manual (second edition) have 
had to be recoated because of peeling (Fig. 6) within 
four or five years of painting. A breakdown of past 
coating failure causes is shown in Fig. 7. They reveal 
the need to revise those specifications.

3.   Revision of inspection manual

The following is an extract from the “Inspection 
Manual for Steel Towers, Antennas, and other Out-
door Telecommunication Facilities” (Third Edition; 
revised June 30, �009): 

“To make the work of maintaining and managing 
steel towers more appropriate, efficient, and smoother, 

Table 3.   Role of each coating layer. 

Layer Purpose/function

Maintain required appearance in terms of coloring, shine, etc.

Control penetration of water/oxygen and resist ultraviolet rays, acid rain, and acidity of 
volcanic gas (no anti-corrosion function) 

Conceal color of lower coat and integrate lower and upper paint films

Prevent penetration of corrosive substances like water and salts; good at adhering to 
steel surface 

Features 

Maintenance of appearance

Weather resistant

Concealment

Paint-film bonding 

Anti-corrosive

Adhesion to steel surfaces

Upper  coat

Middle coat

Lower coat

Fig. 6.   Example of peeling.

Fig. 7.   Breakdown of past coating failure causes.
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Table 2.   Coating color specifications. 

Coating category Notes

- Munsell value (approximate)
- Specified by JIS W 8301 (aeronautical 

ground light and surface marking colors)

- Munsell value (approximate)
- Specified color

Color 

White N 9.5 

Yellow-red 10 R 4 / 13

Silver or N 6

- N 6 specified by the Ministry of the Environment
- Special color

Aeronautical obstacle 
marking 

National parks, natural 
parks, etc. 

Other areas
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the inspection method and repair criteria in the cur-
rent manual have been revised and surface preparation, 
numbers of coatings, and other processes have been 
standardized and the use of weak-solvent paints 
specified to extend the lifetimes of steel-tower coat-
ings.”

The main changes in the �009 revision are summa-
rized below.

(�) Changes in inspection method
In the past, the discovery of peeling, cracking, 

transparency (Fig. 8), or other faults was followed by 
a detailed inspection: the area taken up by each fault 
was calculated and organized by fault type and loca-
tion, and the ratio of affected areas to total area was 
computed as a criterion for repainting. This compli-
cated method suffered from variance in evaluation 
and required skilled inspectors. In the revised inspec-
tion manual, the criterion for repainting (Table 4) is 
the quantitative degree of deterioration as determined 
by a visual inspection and cross-cut test (Fig. 9), two 
relatively simple inspection items. 

Visual inspection: Checks deterioration of coating 
on the basis of its external appearance

Cross-cut test: Examines adhesion of paint film to 
steel material to determine the degree of deterioration 
when no anomalies can be visually observed

(�) Changes in surface preparation grades
For existing steel-tower coatings, the standard for 

surface preparation has been Grade 3, in which the 
old paint film is left and new paint is applied on top 
of the old paint. However, old paint films are often 
more than 30 years old, and deterioration such as 
thinning caused by ultraviolet rays, wind, and rain 
can cause the adhesion between the old film and the 
steel to deteriorate. There are consequently many 
examples of paint film peeling from the interface with 
the steel material. We have therefore changed (stan-
dardized) the surface preparation to Grade �, which 
stipulates complete removal of the old paint film 
using a power tool (see Table 5). This specification 
results in good adhesion and thereby prevents peeling 
due to deteriorated paint films.

(3) Process standardization
Environment: maximum/minimum air tempera-

tures of 40°C/5°C and humidity below 85%.
Coating method: brush-based as standard. Paints 

from the same manufacturer shall be used in princi-
ple.

(4) Paint recommendations
With the aim of preserving the global environment, 

NTT recommends the use of weak-solvent paints 
from various manufacturers that have passed standard 
tests. These paints should be applied according to 
established values for film thickness and number of 
coats. The drying time for each coat should also be 
observed.

4.   Coating specifications for bridges

Like steel towers, bridges involve the coating of 
large-scale steel structures (Figs. 10 and 11). Below, 
we present examples of coating specifications for 
steel bridges from NTT (in relation to bridge-suspended 

Fig. 8.   Example of transparency.

Table 4.   Repainting criterion.

Inspection/test items Cross-cut test deterioration rate

Under 40% 40% or greater

Repaint

Under 25% No anomalies

25% or greater

Visual-inspection
deterioration rate

Fig. 9.   Example of paint film receiving a cross-cut test.
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facilities) and the Japan Road Association, a public-
interest corporation under the Ministry of Land, 
Infrastructure, Transport and Tourism.

NTT-recommended coating specifications are listed 
in Table 6. If at all possible, surface preparation shall 
be performed by Grade � blast cleaning. However, if 
blasting equipment cannot be set up, Grade � clean-
ing, in which the old paint film is completely 
removed, can be used. 

An example of repaint-coating specifications of the 
Japan Road Association is given in Table 7. 

5.   Current issues for paints

Paints for coating steel towers often used to contain 
volatile organic compounds (VOCs)*� such as toluene 
and xylene as solvents. Since solvents such as these 
can be toxic to humans as well as a heavy burden on 
the environment, measures are being taken around the 
world to reduce their use. The recommended paints in 

Fig. 10.   NTT dedicated bridge (length: 800 m).

Fig. 11.   Bridge using fluoride paint.

Table 6.   Recommended coating specifications for bridges over the sea.

Standard film thickness (µm)

80

50

60

30

30

250

Paint

Organic zinc-rich paint

Modified epoxy resin paint, lower coat (only for exposed steel and abutments)

Modified epoxy resin paint, lower coat

Fluoride resin paint, middle coat

Fluoride resin paint, upper coat

Layer 1

Layer 2

Layer 3

Layer 4

Layer 5

Total film thickness

*� Volatile organic compounds (VOCs) can chemically react in 
sunlight (ultraviolet rays) with soot and exhaust from factories and 
automobiles to generate photochemical oxidants and airborne 
particulates. The generation of photochemical oxidants can acidify 
the atmosphere, resulting in acid forest soil after a rainfall.

Table 5.   Surface preparation (cleaning) grades.

ISO Surface preparation (process and scope) 

Commercial grade based on blast cleaning (rust removal rate shall be 66%, surface shall be free from visible 
oil, grease, and dirt and mostly free from mill scale and rust, and residual matter shall be firmly adhering). Iron 
skin shall be exposed. Highest grade of surface preparation that can be performed on site. 

Very thorough power-tool cleaning combined with some hand-tool cleaning. Surface shall be free from visible 
oil, grease, and dirt and poorly adhering mill scale, rust, and foreign matter, and the surface shall be 
thoroughly treated to give a metallic sheen. Old paint film shall be completely removed. 

Thorough hand- and power-tool cleaning. Surface shall be free from visible oil, grease, and dirt and poorly 
adhering mill scale, rust, and foreign matter. Old paint film may be left and the plated layer exposed.

Grade 1

Grade 2

Grade 3

Sa2

St3

St2 
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the newly revised inspection manual reduce these 
solvents by about 50% compared with �000 levels. 
Regulations on VOC emissions have already been 
introduced in the paint and coating industry, and the 
Ministry of the Environment and local governments 
like the Tokyo Metropolitan Government are imple-
menting similar measures. Some examples of these 
efforts are given below.

(1)  Tokyo Metropolitan Government, Bureau of 
Environment

The Tokyo Metropolitan Government aims to 
achieve the following (according to its website).

•  Reduction target for VOC emissions. 30% reduc-
tion by �0�0 compared with �000 levels (match-
es the Air Pollution Control Law, Ordinance of 
the Ministry of the Environment)

•  Technical support for reducing VOC emissions 
through voluntary efforts by private enterprises

•  Popularization of low-VOC products

(2) Japan Paint Manufacturers Association
The Japan Paint Manufacturers Association (a pub-

lic-interest corporation under the Ministry of Land, 
Infrastructure, Transport and Tourism) published 
“Guidelines for Control of Volatile Organic Com-
pound (VOC) Emissions” in May �004 calling for a 
50% reduction in emissions by �0�0 compared with 
�000 levels.

(3) Japan Road Association 
The Japan Road Association (a public-interest 

corporation under the Ministry of Land, Infrastruc-
ture, Transport and Tourism) published the “Hand-
book of Coating and Anti-corrosive Measures for 
Steel Bridges” in December �005 calling for coating 
specifications that excel in durability to reduce life 
cycle costs. It recommends weak-solvent paints and 
proposes aqueous solvents.

(4) Other related laws and regulations 
An Ordinance of the Ministry of the Environment, 

“Control of VOC Emissions (amendment to the Air 
Pollution Control Law)”, was enacted on May �7, 
�005 and implemented on April �, �006 [�]. The Law 
Concerning the Promotion of Eco-Friendly Goods 
and Services by the State and Other Entities (Green 
Purchasing Law) was enacted on May 3�, �000 and 
implemented on April �, �00� [�]. 

6.   Conclusion

This article described the use of coatings to protect 
telecommunication facilities and presented specific 
examples of coatings. The members of the NTT 
Group plan to work together to contribute to the pres-
ervation of the global environment with regard to 
paints and coatings.
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Table 7.   Example of bridge repaint-coating specifications.

Quantity (g/m2) 

—

600

240

240

170

140

PaintCoating process 

Grade 1

Organic zinc-rich paint

Weak-solvent, modified epoxy resin paint, lower coat

Weak-solvent, modified epoxy resin paint, lower coat 

Weak-solvent, fluoride resin paint, middle coat

Surface preparation

Lower coat

Lower coat

Lower coat

Middle coat

Upper coat

Source: “Handbook of Coating and Anti-corrosive Measures for Steel Bridges”, December 2005.

Weak-solvent, fluoride resin paint, upper coat


