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FEATURE : Materials for Ships, Buildings and Bridges
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Steel Plates with Long-life for Painted Bridges (Eco-View)

Shigeo Okanol Haruya KawanoO Yoichiro Kobayashill Dr. Takenori Nakayamall Fumio Yusel Naohiro Furukawa

ad

Steel plates with long-life for painted bridges were developed which can prolong the period between
repainting, especially in urban areas where the view should not be disturbed or specifically in strict corrosion
environments. The newly developed steel plates are expected to contribute to reduction of life cycle cost,
because the anti-corrosion properties of these plates are better than normal steel plates. These new plates
are also expected to have similar advantages with heavy anti-corrosion paints in high salty environments.
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a) Deterioration mechanism by corrosion of
O steel with heavy duty anti-corrosive paint

-—7Zn

O Increase of Zn film life

0 O Addition of Cu, Ni and TiOJ decrease of consumption rate of Zn

O Inhibition of blister of paint film

O O Non-addition of Cr{J Inhibition of pH lowering at corrosion tip

0 O Addition of TiDJ Inhibition of formation of B -FeOOH rust

0 O Addition of Cu and NiOJ Acceleration of formation of amorphous rust

Formation of
protective rust

Protectived Compact ﬁ ﬁ Not-protective[] Coarse ﬁ
& HO cl” H,O
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b) Mechanism of inhibition of under-film corrosion of developed steel

01 0000O0DOO0o0O0o0O0obO0obO0ooDO0oDoOooooooo
Fig. 1 Mechanism of inhibition of under-film corrosion of developed steel with heavy duty anti-corrosive paint
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o1 oo D_ oooo D_E_| Steel Thickness Chemical compositionsd (0) Co® | Per?
Table 1 Chemical compositions of class (mm) c Si Mn Cu Ni Cr Ti o) @)
developed steel plates 400MPa 25 005 | 030 | 065 | 078 | 041 | 001 | 0.045 | 024 | 0.4
25 006 | 030 | 124 | 074 | 038 | 001 | 0.042 | 035 | 018
490MPa
50 005 | 032 | 156 | 079 | 041 | 002 | 0.046 | 040 | 0.9
570MPa 50 005 | 030 | 154 | 077 | 039 | 002 | 0041 | 039 | 0.9

02

03

Note) 1) CeJ CO Mn/60 Si/240 NiZ400 Cr/50 Mo/40 /140 (Cu/13)
O (Cul applied when Culd 0.500 )
2) Pew CO Si/300 Mn/200 Cu/200 Ni/Z600 Cr/200 Mo/150 V/100 5B

ooooooooooo Tensile properties Impact properties y-Groove cracking test
oono Steel Thickness
. class (mm) YP TS El Test Absorbed Cracking ratio at 250
Table 2 Base metal properties and (MPa) | (MPa) | (@) | temp.(0) | energy (3) 9
weldability of developed steel
plates y P 400MPa 25 389 449 30 0 314 0
25 487 532 25 0 339 0
490MPa
50 501 561 29 0 358 0
570MPa 50 557 626 30 o5 291 0
gooooooooono steel | Thick G Weldi Heat- Tensile properties Impact properties
; ioi teel ickness roove eldin: .
Table 3 Properties of welded joints class (mm)  |preparation methog input TS Fracture | Notch Test | Absorbed
of developed steel plates (kI/mm) | (MPa) | position | location | temp. |energy (J)
WM 0 72
" X SAW 6.0 522 BM FLO 1mm 0 147
WM 0 60
\% EGW 11.4 547 WM FLO 1mm 0 88
490MPa vy o o7
5 v Co, 18 535 BM e 0 1mm 0 292
WM 0 95
v SAW l 603 BM FLO Imm 0 125
WM os 75
570MPa 50 \% CO, 18 631 BM FLO 1mm Os 230
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o4 ooooon A-paint system I-paint system C-paint system
Table 4 Comparison of painting system paintsy paintsy paintsy
Number of
painting process 4 8 6
Film thickness 1254 m 130y m 250p m
Cost 0 4 000/m? 0 4 000/m? 07 500/m?
Applllcable Not-co_rroswe Urban regions Coastal regions
regions regions
.| Top-coat
Polyurethane resin (554 m)
o Top-coat | Top-coat ) Intermediate-
Phthalic resin (554 m) Polyurethane resin (550 m) Epoxy resin (lzc&atm)
Details of Rust preventive | Under-coat Organic Zn Under-coat Inorganic Zn Under-coat
paint films Pb pigment (70p m) 9 (75u m) 9 (754 m)
Primer Primer Primer
Steel Steel Steel
Test 0 O Cyclic corrosion test (JHS403-1997)"
for 6 months using samples with
artificial film defects (scratch)
Test 0 O Outdoor exposure test with SD_ NaCl - Test[
spray once a week at rural regions
for 18 months after test (0 using
the same sample of test [J
Test 0 O Test O using the samples with new
artficial film defects (scratch)
after test 0 using the same sample of test [ >< ~-a— Test[
>< -— Test[
TestO TestO, O
Salt spray Wet Warm dry Temperate dry g(uzcl%?;
50 NaCl _ | 950RH _ | 200RH | =200RH 3DpNaCI
300 o 300 o 500 o 300 Weekly spray
0.5h 1.5h 2.0h 2.0h 18 months
A
02 0000000000000 1 cycle (6 h)

Fig. 2 Test conditions for evaluation of
corrosion resistance of painted steels

0 4 cycle/dayO

6 months

Y Equivalent to outdoor exposure conditions for 6 years at Hokuriku regions, for 11 years
at Tokyo regions, and 4 years at sea-water spray regions, respectively.
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Fig. 3 Appearance and blister width of painted steels after test 0, O, O
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Photo 1 Cross-section photographs
of each sample after test O
for 18 months

Developed steel
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Table 5 Type of bridge used for calculating LCC

Main structure 4-1 girder

Type of bridge 3-span continuous steel plate girder bridge

Length of bridge span 120m0 30 40m

Road width 11.5m
Effective road width 10.5m
Deck RC slab
Slab thickness 240mm
Case 1

200 T T T T T T T T T

180} N —

160  eeeeeeeees ! -

140+  meemeo---- —

120  pmmme----d .

100 f-------- -

- --- C-paint system / Normal steel
80| — l-paint system / Developed steel | _|

Initial construction cost I Maintenance cost for repaint

1 1 1 1 1 1 1 1 1
0O 10 20 30 40 50 60 70 80 90 100
Passing periodO (year)

Case 2
200 T T T T T T T T T

180 - -

160 -

140

120+

100 ===+~ -

Initial construction cost I Maintenance cost for repaint

- ---C-paint system (normal) / Normal steel
80 —— C-paint system (fluorine)/ Developed steel | _|

1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Passing period (year)

05 Lccoooo
Fig. 5 Examples of calculating LCC
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