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Introduction

Because painted steel structures must be repainted
in order to secure durability performance, reduction
of the lifecycle cost by extending the repainting
cycle is strongly demanded. In particular, frequent
repainting is necessary when conventional steels
for general structures (JIS SS, SM and SBHS) are
constructed in severe corrosive environments with
high concentrations of airborne salt, such as offshore
marine environments, coastal areas and areas where
road deicing agents are used in winter.

In Japan, which is surrounded by oceans, the
development of a structural steel with high resistance
in severe corrosive environment had been strongly
desired.

Responding to these needs, JFE Steel developed
and commercialized EXPAL™ (Extended Painted
Life) steel plate, which can be used for an extended
period without frequent repainting, even in high
salinity environments.
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i Features of EXPAL™

Demonstrates long-term durability of paint in severe, high salinity corrosive
1 environments, including, coastal areas and areas where road deicing agents
are used in winter.

2 Satisfies JIS standard (G 3101, G 3106, G 3140 etc.).

3 Contributes to excellent weldability with low carbon equivalent (Ceq) and low
weld crack sensitivity composition (Pcw).

High weathering Table 1 Expected life until repainting of C-5 paint system (years)
resistance fluorine
resin paint (25 pm) Expected life Main
Fluorine resin Environment until repainting | deterioration
second coat (30 pm) (years) factors
Epoxy-based . .
undercoat (120 pm) General Mountainous @Wegtherlng
areas, 50 resistance**

environments :
|norganic zinc-rich rural areas, etc. @ Corrosion

paint (75 pm)

Severe Coastal areas, @ Corrosion
- offshore marine 30 Weatherin

Steel environments X @ ; 9
environments, etc. resistance

**) \Wear rate of high weathering resistance fluorine resin paint:

Fig. 1 C-5 paint system for bridge use* (25 um) /(0.5 pm/y) = 50 years (approx.)
*) Specified in Handbook for anti-corrosion of
highway bridges
1.4
— Conventional steel ) Third repainting
13 | | == EXPAL™ Conventional steel

Second repainting

1.2

First repainting

First repainting

EXPAL™

Relative Life Cycle Cost of bridge
compared with initial construction cost
T
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Fig. 2 Example of trial evaluation of Life Cycle Cost of EXPAL™ (C-5 paint system) in
severe corrosive environment (example of 3-span continuous non-composite steel girder bridge)

Simulation results of Fig. 2 may be changed due to size and type of bridge, and total repainting cost including variable
expenses such as scaffolds, labors and others.
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Mechanism of Corrosion Control

Mechanism of Paint Deterioration Suppression by EXPAL™

In Extended Painted Life Steel EXPAL™, multiple corrosion-resistant
elements are added to the steel. The following effects are expected,
- Form dense protective rust
- Prevent salt penetration
These effects suppress corrosion and paint deterioration.
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Guideline for repainting: Rust area ratio = 0.5 to 8 % (corresponds to about 30 years for conventional steel in severe corrosive environments)
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Performance to Suppress Corrosion Rate

Results of Cyclic Corrosion Test

@®Test conditions Corrosion test is performed after making an artificial cutting flaw (40 mm in length).

Test method: ACTE™ (ISO 16539 Method B) modified. Test period: 64 weeks
Applied salt concentration: 6 g/m? Evaluation: Mean value of one-side
Acceleration factor: 2.6x (vs. exposure tests in Okinawa) blister width from cutting flaw
7.0 100
- Conventional steel \ 90 A Conventional steel
601 | & ExpAL™ \ g | LA EXPAL™
\
\
5.0 \
= . . 70 -
g Conventional steel g‘ Conventional steel
= 40 Start of T
g ' blistering E \\50
5 30 F‘ 5 do
2 2 |
® 20 | = 30, | EXPAL™:
! D CLNRLRY Estimated period is
o ! . 20 Al 2.3 times longer than
. | EXPAL _ _ 10 ! conventional steel
) Start of blistering !
0.0 | | | | | [ (S 0 :
0 8 16 24 32 40 48 56 64 0 10 20 30 40 50 60 70 80 90 100
ACTE™ test period (weeks) Estimated period (years) (converted using acceleration factor of 2.6x)

Regression calculation of life extension performed by nonlinear least squares method using solver function of Excel.
Comparison when using C-5 paint system

Conventional steel EXPAL™

Initial cutting
flaw (image)

Conventional steel EXPAL™

— Blister width (mm) 39.4mm 39.4mm

Estimated period
(years)

30 70.3*

*Period until blister width of EXPAL™ becomes same as that
of conventional steel after 30 years

Progress of corrosion and blistering
Progress of corrosion and blistering

10mm

ACTE™ test: Test period 64 weeks

( Prevention of corrosion damage )
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JFE Standards of EXPAL™

» » Chemical composition

. Chemical composition (mass %) % %3
Brand Thickness mm : 1 Ceq Pcwm
C Si Mn P S N Alloy elements*
SS400 EP — - - - <0.050 | <0.050 - - —
t<50 <0.23 - -
SM400A EP — >2.5XC <0.035 | <0.035 -
50<t<100 <0.25 - -
<50 <0.20 - -
SM400B EP t <0.35 | 0.60~1.50 | <0.035 | <0.035 -
50<t<100 <0.22 — =
SM400C EP t<100 <0.18 <0.35 |0.60~1.50 | <0.035 | <0.035 - - -
t<50 <0.20 <0.38**| <0.24*4
SM490A EP <0.55 <1.65 <0.035 | <£0.035 -
50<t<100 <0.22 <0.40*4| <0.26**
t<50 <0.18 <0.38*4| <0.24**
SM490B EP <0.55 <1.65 <0.035 | <0.035 -
50<t<100 <0.20 o <0.40*4| <0.26**
Trace addition
t<50 ) <0.38*4| <0.24**
SM490C EP <0.18 <0.55 <1.65 <0.035 | <0.035 - of corrosion-
50<t<100 . <0.40**| <0.26**
resistance "
t<50 <0.38 <0.
SM490YA EP elements
50<t<100 <0.40**| <0.26*4
— <0.20 <0.55 <1.65 <0.035 | <£0.035 - cnEnt | =i
SM490YB EP = — —
50<t<100 <0.40*4| <0.26**
< < *4 < *4
SM5208 EP t<50 <0.40 <0.26
50<t<100 <0.42*4| <0.27*4
=50 <0.20 <0.55 <1.65 <0.035 | <£0.035 - <040 | <026+
SM520C EP = = =
50<t<100 <0.42*4| <0.27*4
t<50 <0.44 <0.28
SM570 EP <0.18 <0.55 <1.70 <0.035 | <0.035 -
50<t<100 <0.47 <0.30
SBHS500 EP t<100 <0.11 <0.55 <2.00 <0.020 | <0.006 | <0.006 - <0.20
*1 When necessary, alloy elements not shown in this table can be added.  *3 Pcvi= C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B
*2 Ceq = C + Sif24 + Mn/6 + Nif40 + Cr/5 + Mo/4 + V/14 *4 Ceq and Pcw of SM490 and SM520 are specified values in case thermo-mechanical control process (TMCP) is used.

» » Mechanical properties

Tensile test Impact test
Brand Yield point or proof stress N/mm? Tensile Elongation Test Charpy
ran
Thickness of steel material mm strength | Thickness | Test piece | Elongation | temperature | absorbed
6<t<16 | 16<t<40 | 40<t<75 | 75<t<100| N/mm’ mm |in)ISZ2241) % E B 1
6<t<16 No. 1A >17
SS400 EP >245 >235 >215 >215 400~510 | 16<t<50 No. 1A >21 - -
40<t No. 4 >23
SMA00A EP 6<t<16 | No.1A >18 - -
SM400B EP >245 >235 >215 >215 400~510 | 16<t<50 No. 1A >22 0 >27
SM400C EP 40<t No. 4 >24 0 >47
SMA490A EP 6<t<16 | No.1A >17 - -
SM490B EP >325 >315 >205 >295 490~610 | 16<t<50 No. 1A >21 0 >27
SM490C EP 40<t No. 4 >23 0 47
SM490YA EP 6<t<16 No. 1A >15 - -
>365 >355 >335 >325 490~610 | 16<t<50 No. 1A >19
SM490YB EP 40<t No. 4 >21 0 >27
SM520B EP 6<t<16 No. 1A =15 >27
>365 >355 >335 >325 520~640 | 16<t<50 No. 1A >19 0
SM520C EP 40<t No. 4 >21 >47
6<t<16 No. 5 >19
SM570 EP >460 >450 >430 >420 | 570~720 16<t No. 5 >26 =5 >47
20<t No. 4 >20
6<t<16 No. 5 >19
SBHS500 EP >500 >500 =500 >500 570~720 16<t No. 5 >26 =5 >100
20<t No. 4 >20

Constant yield point steel (-H) can be designated for lamellar tear-resistant steels (-215S, -225S, -2355)*, reduced preheating temperature steel (-EX) and plates with thickness exceeding 40 mm.
* Reduction of area (RA) value and specified S content are guaranteed by a tensile test performed in the plate thickness direction in accordance with JIS G 3199.
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Examples of EXPAL™ Properties

P p Chemical composition

Chemical composition (mass %)
Brand Ceq*' Pcm™*?
C Si Mn P S Alloy elements
SM490YB EP 0.12 0.34 1.31 0.008 0.001 Trace addition of 0.36 0.20
corrosion-resistance
SM570 EP 0.09 0.34 1.54 0.007 0.002 e 0.40 0.19

*1 Ceq=C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14
*2 Pcm = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B

P » Mechanical properties

Tensile test™ Impact test™
Brand Thickness VIste) et Tensile . . Test Charpy
ran i . or proof Elongation | Sampling
Test piece strength p . temperature | absorbed energy
stress % position N
N/mm? C J
N/mm?
25 JIS 1A 427 542 25.7 1/4t 0 347
SM490YB EP
50 JIS 1A 458 558 34.7 1/4t 0 315
25 JIS5 523 651 39.4 /4t -5 258
SM570 EP
50 JIS5 607 698 39.2 1/4t -5 280
*3 Direction perpendicular to rolling direction.
*4 Rolling direction.
Tensile test (thickness direction)™
Brand Thickness RA (%)
mm
Individual values Mean value
25 83, 82, 83 83
SM490YB-Z35 EP
50 72,76,77 75
25 80, 80, 79 80
SM570-Z35 EP
50 76,76, 73 75
*5 Property required in cruciform joints, etc. in Specifications for Highway Bridges; in accordance with JIS G 3199, 735
P P Weld joint performance
Tensile test Impact test
Brand Thickness | Welding Welding Heat input | Tensile Test . Charpy
mm method™ | consumable™ kJ/mm strength | temperature No.t.c absorbed
. position
N/mm? C energy J
HAZ of
SM490YB EP 25 FCAW DW-50WCL 2.0 553 0 © . 116
weld metal*® 166
USW-62CL HAZ of 86
SM570 EP 50 SAW < MEF-38 4.1 604 -5 weld metal* 202

*6 FCAW: Flux Cored Arc Welding, SAW: Submerged Arc Welding
*7 DW-50WCL (1.2 mm@), USW-62CL (4.0 mm @) x MF-38: manufactured by Kobe Steel, Ltd.
*8 Position 1 mm from weld line

Regarding welding consumables and high strength bolts, corrosion resistance equal or superior to that of the base material can be
expected if nickel-based dedicated materials for high weathering resistance steel are used.

The data in this catalog are presented strictly as typical examples. Please consult with JFE Steel for details concerning quality performance.
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Phone: (81)3-35697-3111

Fax: (81)3-3597-4860
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JFE Steel Korea Corporation
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(Youngpung Building, Seorin-dong)

Phone: (82)2-399-6337 Fax: (82)2-399-6347
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JFE Steel Corporation Beijing
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North Road, Chaoyang District, Beijing, 100004,
PR.China

Phone: (86)10-6590-9051 Fax: (86)10-6590-9056
SHANGHAI

JFE Consulting (Shanghai) Co., Ltd.

Room 801, Building A, Far East International Plaza,
319 Xianxia Road, Shanghai 200051, PR.China
Phone: (86)21-6235-1345 Fax: (86)21-6235-1346
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JFE Consulting (Guangzhou) Co., Ltd.

Room 3901 Citic Plaza, 233 Tian He North Road,
Guangzhou, 510613, PR.China

Phone: (86)20-3891-2467 Fax: (86)20-3891-2469

MANILA

JFE Steel Corporation, Manila Office

23rd Floor 6788 Ayala Avenue, Oledan Square,
Makati City, Metro Manila, Philippines

Phone: (63)2-886-7432 Fax: (63)2-886-7315

HO CHI MINH CITY

JFE Steel Vietnam Co., Ltd.

Unit 1704, 17th Floor, MPlaza, 39 Le Duan Street,
Dist 1, HCMC, Vietnam
Phone: (84)28-3825-8576 Fax: (84)28-3825-8562
HANOI

JFE Steel Vietnam Co., Ltd., Hanoi Branch

Unit 1501, 15th Floor, Cornerstone Building, 16 Phan
ChuTrinh Street, Hoan Kiem Dist., Hanoi, Vietnam
Phone: (84)24-3855-2266 Fax: (84)24-3533-1166
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JFE Steel (Thailand) Ltd.

22nd Floor, Abdulrahim Place 990, Rama IV Road,
Silom, Bangrak, Bangkok 10500, Thailand

Phone: (66)2-636-1886 Fax: (66)2-636-1891

YANGON

JFE Steel (Thailand) Ltd., Yangon Office

Unit 05-01, Union Business Center, Nat Mauk Road,
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Phone: (95)1-860-3352

SINGAPORE

JFE Steel Asia Pte. Ltd.

16 Raffles Quay, No.15-03, Hong Leong Building,
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Phone: (65)6220-1174 Fax: (65)6224-8357
JAKARTA

PT. JFE STEEL INDONESIA
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61-62, Jakarta 12190, Indonesia

Phone: (62)21-5622-6405 Fax: (62)21-522-6408
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JFE Steel India Private Limited
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South City-l, NH-8, Gurgaon-122001, Haryana, India
Phone: (91)124-426-4981 Fax: (91)124-426-4982

MUMBAI

JFE Steel India Private Limited, Mumbai Office
603-604, AWing, 215 Atrium Building, Andheri-Kurla
Road, Andheri (East), Mumbai-400093, Maharashtra,
India

Phone: (91)22-3076-2760 Fax: (91)22-3076-2764
CHENNAI

JFE Steel India Private Limited, Chennai Office
No0.86, Ground Floor, Polyhose Towers(SPIC Annexe),
Mount Road, Guindy, Chennai-600032, Tamil Nadu,
India

Phone: (91)44-2230-0285 Fax: (91)44-2230-0287

BRISBANE

JFE Steel Australia Resources Pty Ltd.
Level28, 12 Creek Street, Brisbane QLD 4000
Australia

Phone: (61)7-3229-3855 Fax: (61)7-3229-4377
B EUROPE and MIDDLE EAST
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JFE Steel Europe Limited

15th Floor, The Broadgate Tower, 20 Primrose Street,
London EC2A 2EW, U.K.
Phone: (44)20-7426-0166 Fax: (44)20-7247-0168
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JFE Steel Corporation, Dubai Office

PO.Box 261791 LOB19-1208, Jebel Ali Free Zone
Dubai, U.AE.

Phone: (971)4-884-1833 Fax: (971)4-884-1472
B NORTH, CENTRAL and SOUTH AMERICA

NEW YORK

JFE Steel America, Inc.

600 Third Avenue, 12th Floor, New York, NY 10016,
US.A.

Phone: (1)212-310-9320 Fax: (1)212-308-9292
HOUSTON

JFE Steel America, Inc., Houston Office

750 Town & Country Blvd., Suite 705 Houston,
Texas 77024, U.S.A.
Phone: (1)713-532-0052 Fax: (1)713-532-0062
MEXICO CITY

JFE Steel America, Inc., Mexico Office

Ruben Dario #281-1002, Col. Bosque de
Chapultepec, C.P 11580, CDMX. D.F. Mexico
Phone: (62)55-5985-0097 Fax: (52)55-56985-0099

RIO DE JANEIRO

JFE Steel do Brasil LTDA

Praia de Botafogo, 228 Setor B, Salas 508 & 509,
Botafogo, CEP 22250-040, Rio de Janeiro-RJ, Brazil
Phone: (65)21-2553-1132 Fax: (65)21-2553-3430
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While every effort has been made to ensure the accuracy of the information contained within this publication, the use of the information is at
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