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Research progress and engineering application of long lasting
high performance weathering steel bridges

WANG Chun-sheng, ZHANG Jing-wen, DUAN Lan, TAN Chen-xin
(School of Highway, Chang’an University, Xi'an 710064, Shaanxi, China)

Abstract: The new research progress and engineering application of weathering steel bridges at
home and abroad were systematically generalized and analyzed. The key scientific and
technological achievements in the fields of formation mechanism of stable corrosion-resistant
patina, material selection standard, corrosion and fatigue damage mechanism, research and
development of corrosion-resistant configuration and weathering bolt, and detection and
evaluation technology of patina were summarized. The application scope and corrosion allowance
design indexes of weathering steel bridges were combed and improved, and the key points of
stabilization treatment and construction technology for the patina of weathering steel bridges were
proposed. The damage detection and evaluation technology and corrosion damage maintenance
and management technology of patina in weathering steel bridges were evaluated and analyzed.

Combined with the experience and lessons of weathering steel bridge engineering accidents in the
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United States and Japan, as well as the construction technological innovation achievements of the
first batch of long lasting high performance weathering steel bridges in China, the technological
innovation direction in this field was discussed. Research result shows that the composition of
corrosion-resistant patina contains the outer layer of y-FeOOH and «~FeOOH, and the inner layer
of amorphous FeOOH compound and Fe;O,. The formation and durability of stable corrosion-
resistant patina are mainly affected by the factors such as chloride ion, accumulated water and
dust. The material selection zoning map of high performance weathering steel bridges in China is
suggested to establish, and the configuration design criterion of stable corrosion-resistant patina
should be improved. The modern weathering steel bridge has the technical characteristics of high
performance and long lasting. The in-plane stress fatigue, out-of-plane deformation fatigue test,
numerical fracture mechanics simulation of configuration details with patina and the research on
the long-term damage resistance of weathering high-strength bolts should be promoted to lay the
foundation for establishing a perfect design criterion of anti-corrosion and anti-fatigue. The
application of artificial intelligence technology will promote the significant progress of intelligent
management and maintenance technology of long lasting high performance weathering steel
bridges. The investment for research and development should be increased, a specification system
should be established for the design, construction and maintenance of long lasting high
performance weathering steel bridges with independent intellectual property rights in China, the
high-quality engineering and technical talents should be cultivated, thus to promot the
development of Chinese strong transportation network. 10 tabs, 28 figs, 62 refs.

Key words: bridge engineering; long lasting; high performance weathering steel; weathering
bolt; corrosionresistant patina; corrosion-resistant configuration; fatigue; design criterion;
intelligent operation and maintenance

Author resume; WANG Chun-sheng(1972-), male, professor, PhD, wcs2000wes@163. com.

[2-5] [6-7]
’ °

21 ,

. 2016, 21 .
( N N
»C  [2016]6 ), ;
( ) N N
[2016]115 ), : . ;



1 , 3
, o v 0.9~2 5, 1967
1 ) )
16% , 70%
.20%
. . 3 ) ,
1.1 o 1960 ,
s N 1991 —
, ( NHq35 )y
0 s , 2
1910 Buck . ,
. 1916 , 2010
( Americal Society for Testing Materials, . .
ASTM) ) . . .
. . 20 )
30 , N o s
(Corten ), 4 Y(GB/T714—2015)
, 50W . HPS50W . HPS7T0W Q345qNH~Q550qNH 6
HPS100W . 1962 o N
. S, 20 \
60 s , s
1977 o ,
— ,1983 C D,
. 1989 s
(Federal Highway Administration, FHWA) [L.80]
[7] s . .
. 1955 , N
1969 { s N
Yy CJIS G 3114—1969), .G109 ,
SMA400,SMA490,SMAS570 3 o
. 1981 s N s
1985 { { PR
Vs SMA41W {
SMAS50W ,SM58W . (Japan s .

Iron and Steel Federation, JISF)
2013 3 4



4 2020
1
Tab.1 Weathering steel bridges in China
/m
3X19.3 NHq35 1991
38+61+38,38+61+
Q345qENH 2013
61+48,48+61+38
Q5009qDNH.,
54 2014
Q345qDNH
Q5009ENH,
2X28 2015
(K16+322.607) Q345qENH
Q500qENH,
2X28 2015
(K18+496. 141) Q345qENH
81 Q345qDNH 2015
126 Q345qDNH 2015
45~61 Q345qDNH 2017
Q420qENH,
430 2019
Q345qDNH
210+7204210 Q345qENH 2019
G109 Q500qENH,
51+61+51 2020
Q345qENH
’ b o ’
, ,  SO,.NO, H,S
o A ’ b
Y b
A b o b
A b b
’
b N
o R o 3
1.2 s
b o
s 1.2.1
. pH ,
[11]
b b b
’
[12]
o A} A} b
’ Y
3 s . ,
SO, .CO, NH,, Morcillo

o



1 s 5
ASTM A242
(C2~C3)
, C=Ar
In(C)=1In(A) +nln(t), C ¢
JAn N 0.5,
0. 3", Yann 2 HPS485W
pH Fig. 2 Aappearance comparison of HPS485W
coupon specimen before and after corrosion
( . 1%. ’ ) '
, pH ) ’ ’
SO, R
7 1.2.2
04 Zhang
A Fe Fe’!™ (Fe —>Felt +2e7 ),
OH (1/20, + H,O+2¢ —
| 20H ); :
; 4 '
N y-FeOOH, o-FeOOH.
HPS485W N ’
4 Cl™ \HSO; ,FeOOH
’ ’ . \ Fe,0, (6FcOOH + 2¢ —

, 2 HPS485W

~ ~

Q235 Q345 o

1

Fig. 1 Corrosion coupon test device

2Fe, O, +2H,0+20H )%,

AR

A R WAL
Fe — Fe™ » FeOH"

> v-FeEOOH ——

FeO,(OH), ,, a-FeOOH

3 Fe

Fig.3 Oxidation reaction of Fe

Fer" Felt,



2020

(D

2
. Okada
Cu-P Cu-P-Ni-Cr

s Cu.Cr.P

071 s Misawa ,

Cu P &FeOOH,
L819) . Yamashita
26 s
s v-FeOOH ,

«FeOOH . v-FeOOH

aFeOOH ; Katayama

35
s «FeOOH, v-FeOOH
1) 0 Cr\ P\ CU
L2, Townsend
11
a«FeOOH  v-FeOOH . aFe, O

Fe, O, 191 . Choi

, Fe, O, Fe, O, ,

[22]

b b

v-FeOOH, «-FeOOH, Fe; O,

¢ DO
: : vFeOOH  «FeOOH .
.FeOOH Cl™  HSO;
FeOOH Fe, O,
v-FeOOH o FeOOH.,

o FeOOH , y-FeOOH",

cr F :
g-FeOOH .

4

Fig. 4 Patina structure on weathering steel substrate

2)
X 3 [12] . 1
b ’ 2
b ’ 3
(NN )
Cl S()427 °
24-25]
C26-27] aFeOOH

0.08%~0.15% ,

H ’ ’

O(_FC()OH D)
0.4%~1 0%, L 3%



, Nishimura Lss, 1
’ 1 % ~3 % ’
[28-29] ; [36] ; MnCu
A13+ Si2+ s
, Cl
[30] s 2 ,
[31-32] y s
s [37] ;Gao
o ’ 3. 5 0 0 .
[38]
(3 3
, , N 1.3
o s . Kayser
s TCMP HPS485W s
, 22.51 mm
) , TCMP
, 3 . 2 , ASTM A709 ,
3 7. 45 NU#34 4 593 Chen 6 4 mm HPS485W
b X b
) s ASTM A709 ,
, 6. 4 mm s
, s HPS485W

’ ’ *1\0\0.5 3



2020

[40-41] |

HPS485W
«C 5,
(Crack Tip Opening Displacement,
CTOD) , , )
HPS485W
HPS485W
. 6 B
5 CVN -

Fig. 5 Failure patterns of CVN Charpy impact specimens and

ductile-brittle transition temperature curves

6 CTOD
Fig. 6 Plastic zone of CTOD specimen

b b

2
2.1
° Barth )
HPS485W
AASHTO
2] Sause HPS100W
,AASHTO LRFD
HPS100W y
L34 s Yakel 4
HPS70W
, 2, 1
, 2
ASTM A752 50
, HPS70W
[45] ;
12 HPS485W
« 7,
, HPS485W
s HPS485W



1 ,
20 80 , Albrecht
ASTM A588
( ) ,
, s 3
42% 8
54%,
BJ, Albrecht
8 36 ,
3% NaCl N ’
’ 8 NaCl
C D,
[4] 3
; Albrecht 39 ASTM A588
Fig. 7 Bending performance test of high strength 12
weathering steel |-beam with hybrid design y 2 s
) 3% . .
[46]
2.2 AASHTO LRFD B E .
b . 8

B3 Takamori

8

Fig. 8 Fatigue cracks on bottom flange of welded weathering steel girder under sheltered condition



10 2020
, E o
c , 20 mm
( AASHTO , o 10
Cc ). (
AASHTO E ; bl
B.C , AASHTO
s s 03 40 mm
Ll . 60 mm
HPS485W C 03~05
) , 40 mm E ,60 mm
AASHTO B D . ,
, Eurocode 125 .
) 9 , , , ,
600 mm , 40~60 mm
Q345qDNH , , 0.3~0.5 60~
40,60 mm, 80 mm o
9
Fig. 9 Test device for out-of-plane deformation fatigue test and out-of-plane deformation fatigue cracks at web gaps

10
Fig. 10

Influences of stress ratio and gap size on out-of-plane deformation fatigue strength of web gap details



11

(
3
3.1
3.1.1
Takabe
5mge* (m*«d !
6 pm 1
41 s
p)
« 2,
¢ 1D, {
2

Tab. 2 Areas of Japan where weathering steel can be used

)\
’ 11 JISF
Fig. 11 Areas of Japan and Okinawa where suitable for
weathering steel specified in JISF code
Weathering Steel for Highway Structures (BD 7/01—
1981) :
100 mg « (m? « &)~ ', SO,
) 168 mg+ (m* « ', 60% ,
2 5 m,
2001 300 mg » (m* « 7',
SO, 200 mg* (m* « )" 250 pg* m*
3.1.3
1989 FHWA )
e ( . SO,
) ( )
L o
( , N N
C 12, )
» 0. 254 m 0. 203 m,
0. 03 mm s
50 mg « (m® » d) ', SO,
210 mg » (m® « &) ',
6020 (
/km
>20
=5
>2
>1

3.1.2
Design Manual for Roads

and DBridges—

12
Fig. 12 Tunnel like effect



12 2020
80% 0°C ). 5 .
Tab.5 Corrosion allowances recommended in Germany and
’ ’ Sweden techincal standards mm
C2 C3 C4
) \S()z . . 0.8 1.2 1.5
3.2 0.6 1.2 1.7
s
s o
o s o
Albrecht , 38 mm
. , 100 0. 8§ mm,
Corrosion of Metals and Alloys— 38 mm ,
Corrosivity of Atmos pheres— Classi fication, Determination ) S Kriv
and Estimation (EN 1SO 9223—2012) ’
3 o Design Manual for Roads and ,
Bridges-Weathering Steel for Highway Structures ,
(BD 7/01—1981) , . \ N
4 Lol | \ N ,
3 EN ISO 9223—2012 (2]
Tab.3 Classification of environmental grades in EN ISO 9223—2012 At = 1, -+ 4 + ty — 1, — L, (1)
: At 5 La
cl st i
C2 , - ,
SO, . 6.
C3
6 t,
C4 Tab. 6 Values of ¢,
C5 1 ’ EN 100291991 t /mm
/ mm
CoM A B c D
4 BD 7/01—1981 (5,8] 0.05 0.15 0.45 —0.15
Tab. 4 Corrosion allowances under each environmental (8,15] 0.10 0.25 0.60 —0.25
grade in BD 7/01—1981 (15,25] 0.15 0.45 0.75 —0.20
/mm (25,40] 0. 25 0.75 1.05 —0.10
C1.C2.C3 1.0 >40 0. 40 1.10 1.40 0.10
C4.C5 1.5 3.3
0.5 ,
Corus Construction and Industrial N o
Weathering Steel Bridges™" ,
,
; , \
H N ° ’
; ; s
\ , ) N N

.5



3.3.1 R R MR

’ ° A mm

’ N N B ) i 2h B
:} *‘ N
2 2t

3 (a) RETREEE (b) 5TRZEE
’ ; ° 14 ( :mm)
’ Fig. 14 Vertical stiffener configurations (unit: mm)
° 1 n 2 il
) (§

'
'
A

NCHRP 314 Ll ,

b b
b ’
s 15 Yamada
Fig. 15 Vertical stiffener configuration suggested by Yamada
, , N N °
30 mm f . ’ °
50 mm , ’
14 o ’
» Yamada o
s 15 [53] R ’ )
TR AR ’ o
l |
7 " - - g ’ ’
R PTIa
I 1 o
b b
o ’
o b
b b
b b o
b A
T RES5%RHE
; b b
13 o b o
3.3.3

Fig. 13 Bottom flange configuration proposed by Japan

technical standards

3.3.2 o ;



14

3.

3.4
1~2

NCHRP 314
3.5 N

[6]

2020
4
4.1
4.1.1
’ CU‘CI'\Ni
( )
(JIS G3114—2004) W .

Bridge Welding Code (AASHTO/AWS
D1.5MD/1. 5—2010)

. H

, 100 g
8 ml; HPS485
0. 8%; ,
§ mm ,
8§ mm , ; ,
. 2015
{
e,
, I
6.5, 1 Standard Guide for Estimating

the Atmospheric Corrosion Resistance of Low—

Alloy Steels (ASTM G101—2010)

b .

4.1.2

A o

Bridge Welding Code ( AASHTO/AWS D



1 , 15
1. 5MD/1. 5—2010)
6 mm, 370 °C ~425 C
8§ mm,
,690W s
40 mm
205°C, 40 mm 230 C,
HPS485W
230 C; . 16
’ 4 mL « (100 8)71 H Fig. 16 Specimens for evaluation of welding process
20 mm 10 C, .
20~65 mm 20 C, 65 mm 50 °C; 7
, Tab.7 Recommended values of minimum preheating
temperature for weathering steel
20 mm
10 C, 20~40 mm 20 C., 40~ (mm) -~
65 mm 65 °C . 65 mm 110 C [20,40] (40.60] (60.80] =80
MecDad Q345gNH 50 80 100
R Q420gNH 65 100 120
150~300 cm [55] . Q500gNH 80 100 120 150
4.2
0 16 HPS485W
[1] s
T s . s
HPS485W ) 4.2.1
, { { »
), Q345qNH ~ Q500qNH ( .
s N N »(JIS B1186—2007) F10T  F8T
, 7 JIS B1186 , o
H s Cu.Cr.Ni
180 C; , 8 0




16

2020
8 (FI0TW )
Tab. 8 Chemical compositions of weathering high-strength bolts in Japan(F10TW grade)
C /| Si / |Mn /| P /1S / | Cr / | Ni / |Cu / Mo /1 Ti B /
1
% % % % % % % % % % %
KHB10W 0. 20 0.30 0. 80 0.010 0.010 0. 80 0.55 0.43 0.10 <0.05 | <0.003 | 6.97
0.20~ | 0.15~ | 0.70~ 0.6~ 0.30~ 0.3~ 0.001~
NWBI10 <0.03 <0.03 6.74
0.25 0.25 0.90 0.8 0. 50 0.5 0.003
0.23 0.14 0. 82 0.010 0.010 0.83 0.47 0.42 0. 20 6.77
JFE 0.20~ | 0.15~ | 0.60~ 0.7~ 0.35~ 0.3~ 0.005~ | 0.001~
<C0.03 | <0.035 6.97
0. 30 0.35 0. 90 0.9 0.55 0.5 0. 04 0.003
0.20~ 0.10~ 0.70~ 0.7~ 0.30~ 0.3~
SNC22BA <20.03 <0.03 0.003 6.55
0.25 0.20 0. 90 0.9 0. 60 0.6
ASTM F3125 ,
A325/A325M  ASTM A490/A490M Type3. .
, 4.2.2
s 10. 9S
o 8 8S R
) 8§ mm .
o ’ ’
o ’
[56]
b b
’ b
Corus Construction and . ,
Industrial Weathering Steel Bridges ,
[51
b b
141 (2 )
) 180 mm, ;
8t 130 mm; { » (TB
. . 10091—2017) el 17
; M33.M36
17

Fig. 17 High strength weathering bolts and connections



b b o

, , N 4.4
ASTM A235/A490 4.4.1
Type3 . .

4.3 o,
[9]

’ ; 4.4.2
(7

, (SSPC-SP5) (SSPCG-
o SP10) . (SSPC-SP6) ,
5 1 o . ?

4.3.1 0o

’ o 4.4.3

( ) [s1]
. P162+

Fe'', o« FeOOH o 5.1



18 2020

’ ’
’ ’ ° ’
’ o °
N ’ ’
’ o ’ °
’ )
[51]
) o ’
° N o
’ ’
’ ° °
)
’ ’
’ ’ o ’
° ’ ’
’
o ’ °

N N N 5.2.2

) [} o
. ; . 9 [50]
9
, s , Tab.9 Appearance classification of patina for weathering
steel bridges in Japan
’
[58]
1 H
’
800 pm
o b
N N N , 5~25 mm
2 ;
400 pm
. 1~5 mm;
3 s
b
; 400 pm
b Y
4 s ;
400 pm
b
o b ’
, 5 ;
200 pm
b b




1 , 19
9 5 J1~4 5~9 00l mm- ',
3 , 5 4.5 0. 01 mm - ',
. 1 . ;2
3 )
, 5 ; 3~ ,
o 1 , o
00l mm-+ ', 0 02 ~ Iowa
0. 3 mm * ', 2.3.5 N ,
5 . 2.3 R U
10 lowa
Tab. 10 Quantitative classification standard of patina recommended by Towa Department of Transportation
. . .
( ) (<Z1 mm)
; ;
0 (<<1 mm)
6 , ; 1~5 mm
« O ; . ’
° (5~25 mm), , ;
( ) )
. s ; (>25 mm),
« . ; '
3 H
( ) ; , 50%,
, » Shuichi
7.8 ,
, ; 6 , (Protective Ability Index,
) , PAD, PAl  o/7* o FeOOH
3 5 . a ¥ FeOOH.p-FeOOH  Fe; O, 7\
: ;4 gs 7 : PAI 1.
) ) 00l mme+ ~'; PAI
, , 1 Bgt+s/y¥»>a5
; 3 , 000l mme+ ~'; PAI 1 pts/y"<<05
) . , 001 mme« P,
) s s PAI
o ) s s PAI



20

2020

6
6.1
2013 NN {
) (38+61-+38) m,
(38+61+61+48) m (48+61+38) m, 3 6.2
Q345qENH 2014
, 5 500 t, o
, C 19k,
¢ 18,
18
Fig. 18 Houdingxiang Bridge in Shenyang
19
Fig. 19 Changxiong No. 2 Bridge in Meixian County Fig. 20
6
C 2D, C50 ;
2. 8 m, 2. 75 m,
Q500gDNH . 6.3
Q345gDNH , 2015

, 2X28 m

54 mC 20),

20

Integral hoisting of steel girder

(

M,

22,



i 21
280 | 280 | 280 | 280
> e >
1% 1%,
'4“.7 - - 1 4 < MR ’ <
o
hal
~
~
21
Fig. 21 Cross section of main girder
22
Fig. 22 Huangyan Freeway Mofang Viaduct in Shaanxi
’ Y
o 3 , ,
0 98 m, 0 5 m, 26 mm, s .
36 mm, 14 mm, C40 s
O. 25 m; ’ s
Q500qENH ’ ’ °
Q345qENH ’ ’ N
1>=6. 0; , , .
15 N o N
’ Y o
N o 7.1
’ 1)
b b . o
b

N N

, (2320, 1991

’



22

2020

23
Fig. 23 Local corrosion at connection between steel girder and
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Fig. 28 Serious corrosion inside weathering steel main girder
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