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Research progress and engineering application of long lasting
high performance weathering steel bridges
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(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 det etion 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 »-FeOOH and a-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
The

application of artificial intelligence technology will promote the significant progress of intelligent

foundation for establishing a perfect design criterion of anti-corrosion and anti-fatigue.

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.
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Fig. 5 Failure patterns of CVN Charpy impact specimens and

ductile-brittle transition temperature curves
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Fig. 6 Plastic zone of CTOD specimen
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Fig. 7 Bending performance test of high strength

weathering steel I-beam with hybrid design
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Fig. 8 Fatigue cracks on bottom flange of welded weathering steel girder under sheltered condition
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Fig. 9

Test device for out-of-plane deformation fatigue test and out-of-plane deformation fatigue cracks at web gaps

P10 B2 B ) B R T X B AR (] B2 T /A2 1% 40 35 35 5 56 B 14 52 1)

Fig. 10 Influences of stress ratio and gap size on out-of-plane deformation fatigue strength of web gap details
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XIRCE 1), H A 1 8 o 4 B2~ o il ) v B
WA 4 AEANA B A PR BE R T 0. 03 mm 1) BR 5
FR R 7 2R FH TR i 0 5 28 1 7 IX 38 A 9 O » oS 0 it Ak
Wy K ZES A Z2 W), A R AN

Fz 2 BT EF R X

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

I LR EE 5 /km
1 =20
I A% 185 £ 1 1 34 [
I =5
TV P =2
VB P A >1
3.1.2 % B

Design Manual for Roads and Bridges—

B 11 JISF B MEf H AR 25
o 208 b DX e T A0 499 174 X4k
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) HHLSE 1 M e 84 1) e JT 2 A1 - PR B vh S B 1
BN /DT 100 mg » (m® « d) ', SO, & & A W # it
168 mg + (m® » &) ' AEFIWR A R #H T 60% 44
SEAE RGBS K T A = R T 2.5 mP AR HE R
2001 KTIA NS B T 3% k5 T 300 mg + (m® « )1,
SO, &M 200 mg « (m® « d) 7'k 250 pg e m™*
Fp A 38 G SR TR 46 9
3.1.3 £

1989 4F FHWA % i (i B AR 45 B 7, #c Mr B2 i
AE BT AL 45 B IR i IR DL K SO, & i
25 T A b 3R bR R AR Cn % T8 KON ) B AE T AR TR
B A 40 A S LT o R R N R P T
B 8 DX A0S 9 T DB R T R R ORI R Rk
RS IX & A A F AL W) B Tl 3135 77 78 bR
AL (B 12) , 85 A K AL 5 25 0 3 T 30T A
BURGEE it 0. 254 m 80 sh K 8 i 0. 203 m,
WA i A IAE T A A 0 v S g sl A fot A
WA BT UK T 50 mg » (m” « ) 1, SO. &%
BT 210 mg « (m® « d) ", P SR ] R T
60 26 (36 [ 7 SCHY - 1 0 i B 1] A A 69 B KT

& 12 % I8 AL
Fig. 12 Tunnel like effect
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B BH BR #E Corrosion of Metals and Alloys—
Corrosivity of Atmos pheres— Classi fication, Determination
and Estimation (EN 1S0 9223—2012) % ¥ 355 45 9 1)
2R 3 Fr/n., Design Manual for Roads and
Bridges-Weathering Steel for Highway Structures
(BD 7/01—1981) HHLE 17 TR A6 B Fr) 8§ ok o, HL
WL £ PREE S 0T BB AR 1 43R 4 IR

%3 ENISO 9223—2012 FHREBEERH %
Tab.3 Classification of environmental grades in EN ISO 9223—2012

x5 RERARAGETEUNERRE

Tab.5 Corrosion allowances recommended in Germany and

Sweden techincal standards mm
I BESE G C2 C3 C4
7 1 oA 0.8 1.2 1.5
Fiy b v 0.6 1.2 1.7
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JEEJE R T 45T 38 mm Y TR A 4R Al o G AL ) 25 22 ] &b
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SBEA R EREAE K. A R /N E A B R BRARZS TR A
C1 LE LR BN BE 00 vt O T JEE B AR BT s 00 R
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F IR IX *x6 r WEUE

c4 AT TR P R0 Tl R e X Tab. 6 Values of 1y

C51 VL B A 7 (1 Tl H X R EN 10029—1991 HIEEERFFEFRT ro BIRE/mm
C5-M A A R % 3 X KA A %50 B %5 C %5 D
£4 BD7/01—1981 HAEMEFEEATHEMAE 8] 0.05 0.15 0.45 0
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

WHE G JE& b 45 4% JE& il A% 4k / mm (25.40] 0.25 0.75 1.05 —0.10
C1.C2.C3 hgg 1.0 >40 0. 40 1.10 1.40 0.10

C4.C5 R 1.5 3.3 WHEMHHHEE it

R 0.5 S VA ST 107 400 76 08 FH L o AR AP PR 2 0

L [E Corus Construction and Industrial 2 &] By
Weathering Steel Bridges™ v/ X%f J& ph 4x 1 % B 1Y
HOAR Ry 4 Z 00 1 R vk R 00 T fige B9 475, 1 4% ™
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B[R] 3 T 5 T 0% 1 iR B AR N 5 L R A 85
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FIZEAE TR 38 A A2 E 85 = 1R 0« 4 4 fih T K L 3
DAL B 54 5 2 T e XU R HE K B 00 4 64 P9 0 2 T TR
FIZKF-THT L #h 23 52 We) /N L DX, (HAE R 504G 36 v L T
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Fig. 13 Bottom flange configuration proposed by Japan

technical standards
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Fig. 14 Vertical stiffener configurations (unit: mm)
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Fig. 15 Vertical stiffener configuration suggested by Yamada
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e AL N SRR R BE A BOK A
3.3.3 MM E

AT G T ) 3 <2 2 e R v SR R ) R
RS, A T ORTE R A % B A RO | T B B AT 2R
B o7 SR T i) g W A 1 A7 A e e it . B A0 2 Rl H it
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Al WA I 4F el T, (5L ) PN R T o R A ) 49F A O
RATALE TR B B, v B L T A T 2 64 10
A AR b, 7 PR AIE SR T A TR A B A 3k 3 [ A0 A 5 A
MERYEER o T Ao AT 5% EMT T 52AT TOUT i 7 7K I
HEAH T RE S 2 BYIE W I, O 1 sk AT R
SEAT B BUK AT SR TR 7 5 1 X I >4 46 i sl e
T DR P4 7K ) 3 5 e L L T R R 5XFT T IR
7 2
3.3.4  RRIPBMEEEL

A7 T o 247 3 7 e 0 TR0 1 R i AT, LA R
Siip 1~2 A% 5% i Y B A 2R AT 3 24 04 U ke s LA RE £ A 6
BT KON % v 4 85 0T e o TR AR A 46 B T K 2
BOM AR AR 1 b A 5 R 3 2019 2R A S B IS ol 1 v
B e, Sy 1 R G 3 A 0 A A AR R RS rh X
A G T P o 46 2 L SR P A MR I S AR A A 5 A L
R A 2 L R S R A R i — Y
P P AR 4 R ORERE S T ) K S0 A5 A DL Sb,
FFEINCHRP 314 4% 80 vt i80S U e i A 49 b i
I g B 7 P A R e 1 3 4 Ty 5 3 A Sk 20
R BT AR Sk o 75 DU A 4 05 B A AR A T 2R
3.3.5 M B

A HEKRCRAN B T A6 8 2 T ) S AR 0K 2 Bl 3
W L K G Y TE RO 5 L, o AR 22 55 1 1ol )
LU RZ Y a4 S R e SV S (= 4 D VA W e
K HIRES AT b7 (LW AR B 1 e Ui F it (e
b P 302 S T I B Sk s LB X Sk AT O >
FOAE TR R 2 . A8 S TR — B B AN A,
B YIS YER A B 5 10 S LUk 35 @ B AR
BSR0R BE OR N AN TR FH I 32 XL 2 I T 7 28 25 1) 7K i
[ MR TR . P AT 5006 W T 050 AR L 14 L 5 )
13 MR 5L HE K A8 K /K HE 21 355 5 A HE K R B {HL 3R
EEHKE G ZE RS, IR G — e ER TR
G b BB KA T B R R LR
LG bR 7K AR CHEZK RO 76 I B -3 25 4 4% Ak 7
T 5 VL G 58 SURRAE ) = ) BRAY AL 7 . i 7K A E B
Ak 7K 38 2o (H TG 3 B 1k B AR A T K A4 i i K
M. 7EB S BRI PROFER EE L A B E K
SR A R VORI O DU T HEK

25 LIk P 5 3K I SEAE TR AN AR B 5 T
ST B R T R BT RUR S Sk g,
TR A AT 1 B RIS 25 . T AR 7T 2 2% [ SR
P v 5 22 0 (H R R v R O s R AR AR Y 2
S BB T JR v ] 3 5 25 20 X KR 45 22 P 5 ) e 1A g
T e A B AR BE B T8 Am OB 42 s S2 oA B R

YU A K A7 i P PR T SO RLARE  R
4 R HER A

4.1 8/ #

P R T G AR 7 A T B, ] A M i HLE
G EZRRRL, Iz N T AR AN A B . TR
R TR i 500 K 422 4 1 S AR S 1) g 2 PR RE L TE AR B i 7R
Hh L N BRSO BOR S50 T AR B R R L AR
e T 2R RS . 18 PSR IS AN A 2 i e A 4
A AR5 T i 50 BB Y DC TIC AR B2 30 2% i e AL
AR B 5 RE ) A R el
4.1.1 R M4

A 5 i 509 A7 ) 3 3 AR A0 T 409 1 2 1l 2
nfrot 0 ok B B BRI HE AT RE . AR AL A o) B
FEAF I AR AT B 27 0 P A Cu Cr NI Y 35 B
WA T H A CHR 2 5 A i R =R ok A 5L 9 )
(JIS G3114—200D) bR P i W FEHIAY T FRAA .

£ [E Bridge Welding Code (AASHTO/AWS
DI1. 5MD/1. 5—2010) Hpr L3R . it fise B9 7 18 FH 02 42 44
BHI KRR BT 5 BE b P B AN 43 DR IC 5 AR 4224 3K
MR RIS R Y A& &5 100 g S 4 4
BB 8 ml; X T HPS485 4K 1 4% iy 48 & i
WK TEFET 0. 800 s fEHLIE M4 b, 24 1 48 R/
T8 mm WF, AT UE AL GEAR A, (B 45 RSP R T
8 mm I, W Z5TRe i Ak P4 K8 A 5 7E 22 B SR AR 4 v,
KR IE B LA R DAY S i B DR G {H B R AR
TEREBE IO Ay T A 1 A

FIR B X T T A 5 0 4 4 R 1) 38 i oK T

(I I AR AR HEIR R . 2015 AR T B ERA

St A J i o) 2 S O R O A AR R T R 48
P )E JH v SRR A B A 02 T FH R ek Y S
Z90 5 TS 4 40 B 6 14 BE AR 43 DE IRE o DA ik 8 4 42 Sk
MR FH K AR I T DR S e i KR T b R
TF 6.5, I NARIE Standard Guide for Estimating
the Atmospheric Corrosion Resistance of Low-
Alloy Steels (ASTM G101—2010) 35 H ) i s 14
68 B0, H 2 X — 45 O TR A 1 ) 8 S AR A R, B H
T T 9 A A TG 25 AR A ) T i i A L %o
TS i A5 22 8 500 1 B AR P RE 1 AR I8 — MVE ML 7E
X B Ay S W T A A AT K R R I R 2 —
4.1.2 B2

K30 I G0 T e B AR T AP R BB Z L 36
B H ARG EE R T B0 58 3 KR SR bR v
2% # Bridge Welding Code (AASHTO/AWS D
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1. 5MD/1. 5—2010) Hp X a5 M B M 4 B9 K8 4 it 1
AERE R AE - Tl i 509 A7 ) A2 6 4 A A8k ) e, I i 3
SIUAR SR FH 24 e 8 2% e IO I B3 AR 4% 1) i KR
SFR 6 mm, (R SL AL 370 C ~425 CHET )5
FH s SRR A A H KR | 24 005 45 22 F AR L RO
) i R B A IR BE I R ST 8 mm, SR B2 R
INF 4% s 1 R 19 P 5 X6 T v M T T A0 0 A A A B A
FERYIE AR op TR R OR Y N By s 0 AN
R AN AT AR A A o o M R T i 9 AN 15 5R F i 24
1R 51k SF T T A 3 B A IO 7 5 T 0 O A 128 A A
PR AR T A0 4% R T2 AT A 0 R R AR
B 1E 0 PR HE RS0, 690 W 2% =5 1 BB Tiif M 4 2 B2 1)
MIEEEAR KT 40 mm W, fz o #0338 (8] 3 B R 15
#at 205°C , JE KT 40 mm B, A58 230 °C,
HPSA85W FX A5 422 Fisf 114 fie v TR LA [ 30 38 0 A5
1t 230 °C s AR 0 R0 25 R AR L A, TE i 2 HE K
FEIR ST IR Y B A A S T 4 mL - (100 @ '
Xof 4SRRI 2 B AR A R IR TR A R T
20 mm B B I 700 B A GE [A) 3R B O 10 °C L R
20~65 mm Bf 2k 20 °C,JEEERTF 65 mm Bl 50 °C;
X F SRR A A FEL IR R 24 008 22 L IR L
ZEJR AN KT 20 mm B 55 MK 1080 ORN G 8] 3R N
10 °C,J&EFE 20~40 mm I 20 °C,JBELE 40~
65 mm I 265 C, JE R T 65 mm 24 110 C,
R YRR A T ik, McDad 25\ g 445 ff AR 4% 7E
VNI T A AR 2 e S T I R AR B KR A 1
150~300 cm PR BEFT 43500,

Hh [ A 2 A X T A A AR AR 4 20 R IR i e
ot. K16 h EHFALFI RN HPS485W &t i
T A% A K T8V R e, 32 R O AR Sk
AT R S 3 1, T R R A3 56 ) K 56 AR
S T R ) IX ol B R R 08 AR, T A R R
HPS485W #7122 3k 45 ify M B R 48, 05 4 $45% g X
8y e o 0 R B A Y

Bk 55 MR 4R T AT BR A R AR SR &5 A TR i,
RGTFRE T Mg AT S H R & i S T Ch Rk
% A I 5 A L KA B Ak 2 A0 R T L e
it TA6 R ), f 45 T Q345qNH ~ Q500qNH £ i) Tiif
5T 0 A T AE SR bR IR T2 AR T A
B A LS BB AR R T RUE . IR
ARAE W PSR AR FEAT M B AR 2 50 4 i AT AR
TR 5 0 3 A G ) e IR TR B R UM an R 7 BT
71N 5 RR 2 o0 R v T V) IR R AT T BRI
(] 3k B AN BB R 180 °C 5o TR AR AR HLE T

B 16 MR T2 ik
Fig. 16 Specimens for evaluation of welding process
RIS A B RIDUY . %48 w0 gk b
T B SN A e R AR R S A
F7 WENREFNEEZINVE
Tab.7 Recommended values of minimum preheating

temperature for weathering steel

fipea | S Sk e MRS (o) (99 S5 AU 50 A3l B LA/ °C

852 [20,40] (40.60] (60.80] >80
Q345qNH 50 80 100
Q420qNH 65 100 120
Q500qNH 80 100 120 150

4.2 BEERE

TS A 0 ) s e 32 e 4 Sk B T B ARAIE AL T B
B2 AT AR LB TN T i 5 e, 38 0% T R A
e S TR JE b e SR UK 6 5 T 2 sl A MR A 3
HEAb B SE IR IE b
4.2.1 BESAEZEGHRER

S L AR 5 TR 54T P ALk B S5 R A 0 T A
R AL By 2 T RLE

AR (o il LT o M 8 2% et it T 2 450 v L
SE 21 B R FH o SR R B AR TR MR 3 N, 6 28R
(B 45 . B2 2 4 D Vo R 38 7S A MR S A B B T 2R
Bl £51) (JIS B1186—2007) H F10T 8% F8T i it
A e 5 R R A 5 O T 2 TR 0 A7 JEE 4 2R R A B P
SR P A o 58 B2 7S R e L MR | DL 32 2 R N A
JIS B1186 Hh ML B9 £ A bR i . H AR TR AT 0 o 1
H Al VRN T Cu, Cr Ni %5 T 26 0 T ¢ 725 3 57 02
H AL 2 O WLE ANk 8 IR .
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Tab. 8 Chemical compositions of weathering high-strength bolts in Japan(F10TW grade)
A Co®/ | Sifa/ Moo/ P&/ | SE&®E/ |Crd®E/ | Ni&i/|Cu i/ | Mo &t/ | Tid®/| BE&E/ o
H
EA % % % % % % % % % % %
KHB10W 0. 20 0. 30 0. 80 0.010 0.010 0. 80 0.55 0.43 0.10 <00.05 | <<0.003 6.97
0.20~ 0.15~ 0.70~ 0.6~ 0.30~ 0.3~ 0.001~
NWBI110 <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~
<00.03 | <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 <0.03 | <0.03 0.003 6.55
0. 25 0. 20 0.90 0.9 0. 60 0.6

5 [ 1 it i v 5 MR AR 2 2R ASTM F3125
A325/A325M F1 ASTM A490/A490M Type3, £
fdt L AR e O T R S R E IR AR OK AR TS Y IR
Sk R R R K 28— E Y AR O HL R IR
far Sk M MR REFEAT IR . WRAR TR A AN AL B RS AR
B RT3t 7, HLOX iR e B 1 R 2= /00 8 mm
18 A = AR Pl o A B

BB 11 it L BT k2 B e T 0% B A MR 3 A 1
REMYE BN 2R . AR T it i 9 A 1) R 6 ) A kB
B LA R A Sy ™ A el X R T R
FL 5 WA [R] 1) 25 B2 b 7 AR T A R ok, A ) A 4
Bf N 24 0 A & . £ E Corus Construction and
Industrial 2 & 7E 5 R R 45 Weathering Steel Bridges
o AR R SR Y AE AT IR BT, 5
R G B MR ) B K TRLEE Ol 14e (e Oy 358 T AR 1Y TR
B HAR KT 180 mm, AH AR 88 4% rf 0y 45 8] ) £ K BR
B 8t HANKTF 130 mm; Q15 R A 09 R AR 8] R
TR 7K I3 WA SR XU 2 WL AF T 5 I IR R
FH G 38 1) % B 500 0 A7 % B AL B S T sl A i T AR

B 17

B PG BT A TS 7 [ J28L 1 3 % B o M A o2 432 7
A FH 2 M 2 B SR S R
4.2.2 W B &R R AR 0 BT A

AT A B 22 09 45 0 bR 9 g2 100 9S AN
8. 8S Pl i J3E A 4 1Yy SR MR A (HL 1 Oy Al i 5 4R
{ENSE N AL R Sl o/ QU AR - (1 7 LR RV U 3
J& . P Bk LU 5 AT B2 ) 45 B B )T T Ao R A
IR TS0 AR . i 158 38 20 36 o ) v 2k LA 4 AT AT
BIR 2 W0 25 7 A T A% e 6% MR AR 4T o ek R 55 40
B0 R H T SR WS AR 24 Rl A 25 A 1) 9% T Ak 2R
T2 FFR R A T2 0 B A B 45 R b AT T i A%
TG | P R OR S TOIR S TR 9 57 1 L iR 2 R R
W, 6 30 R A 8 A R 22 Rl AR 235 5 A 2 T Ak PR T
25 AT i A TR A 1) 3 R B AN E AR Y
BUPE A HTI AS 2 BB N A2 RE o (H AR i B I 18] 38
PO RS 20T A I I 5 T g i A 1) BT 55 1 71
il 22 AT SR 8K B A 9 B9 45 M i3t ALYE ) (TB
10091-—2017) Hr Ay R4 57 5k B i 220, |17
Hh Rk L 4 P AT RS W) A2 )7 B9 B MI33 L MI36 g i Tirf

i 9 T 0% B8R A I 4

Fig. 17 High strength weathering bolts and connections
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i WA Sk DA I T4 00 AN kA e B A ik, 3 LR T ik B

S e [ X T v e R R P A ) R T AR AT
e R = S S (I I v A O s NS RN N |
W, SR B T3 FH T A i 5 R P, T ) MR | IR
BEAN R 1Y AL 27 e DAY A ASTM A235/A490
Type3 B AR T A5 R 2K . R T 4 T 24 T 4
BIME 0T LA 28 S A T g e MR A 5 A AR
T 0 T 8 1t DXCRT A SR T 3R T Ah B AH AR A kA
T i b, DX A USRS T A B
4.3 SERBEENKLRE

Ry 1A T i B A TR R R 1 T I RS B R R
Y B, B 1k B 40145 W R) A, B AT R R SR AR
E AL AL BB AR BIVAE i i 5 fet R ik JHE 3R T AT A
B B — i B K R . B 0 R ki R A R
AT B9 ) R A R E BUE A 2 T A R AR
. BETE NI E R AR R LA IR
A 5T,
4.3.1 R A A 22

Xof 0 A AT VG RS Ak B 1 4N 3R TR B DL B G
BERR RN B M L & Fh IR, Bl S 72 3h I -
TR NI TR B L S35 K R B 1 22 FL A% O
2. RERSZT AR, WAVLIRIZSEEHE R, £
TH AL TG B AR Ak
4.3.2 Rk B

T G 0, 551) v s hin A 0 BB RN S ) DA A gk H
GEACAE HT B I U A Tl A B9 3% TR U ML . A BIL
JIEEAE B I0 X6F T i 4 2 T B A PR AR, IR R
B35 A 4N 2R T & AEAE TS e AR i AR R 2 P
J% 5 PATTTT 75 L T ok A S5 0T 9 R AR 1) 42 ol
4.3.3 BNERAHK-BBR L ZE

TEPSR I 0 & A W IR (IR R itk 2k 5 4
LA RS R TR » 258 W SR AL k- e R R (i L
PHEMBRE TRE R, BRA P UL @ TR
FER SR AL Fe'™ , W i T oo FeOOH MYIE A .
4.3.4 H#HAERBABEZALEHEK

RCFP 7 0 R H A S B R A A — o AL R
FaE LA PR R, FEEHR NI R L4 T B B
rhO D S 4 B IR B ) R T A G Ak BRI O IR AE AN
Fam b A HOE R e L ) .
4.3.5 EFRRA A B AR EHE R

X EL AR T H A ] g i k2w BIE A, H A O
A2 1z FH A Bk S A0 0 i 1O B i 455 4% R AR i (R 9
PR JZ 077 A A5 = A I R aE AR .

TE PR 520 45 b DX 7] 2R T B R85 2 A e 1k Oy 1k

NARTE BB T2 MULER e T M 5 2 45
xR
4.4 REESX
4.4.1 AR EEH

T 5 5 A 7 IS o 3k L 7E 32 i 4 L O 4R Bl R 4
R BFRIAERL . T3 Ah s Nk e T i A A R T A
P AR K S LA KA 42 T 6 4 fh K ) 424 5 b T 22 ] 7
Tl . T HE R BRI AN 32 DA b T G A 11 R
KM SRR TR N R AT BRI A T AR R
2 ok v T A R 1Y) 2 R B R
4.4.2 "kE B FE

T A 4 HE TR R R AT T A AR FE 95 [
H AT AL FEEE A 3 Fh AR MM IE Tk 2 &8 A A
(SSPC-SP5) , Wt ik & Uk 2 Ik 4 J& A 4 (SSPC-
SP10) . 7 Ml 5 b 35 ¥ (SSPC-SP6) ., 1 52 Fr T 72
rh IO 2 A X A AP 5 T L SR 35 W A0 S5 2, 461 AN AE B
TR S5RGBT R R ol W A i Ak BN
BAE BB i 43 e AR — B B bR I L R 1 DA
AN DU 5, o0 T e 2 R i
W) , 7 22 66 o # v, 3R AR SN R 5 T I BR A
L HAE 4 % 5 N S B B . 1 Ah oA R TR Y
L) = i e I VA Ui | S R 2 AR = N1 R~
JIg 4575 YL W B 25 2 9 SR L, T A R BRI 2T
FEAT VS J5 R R A7 e A i H Y
4.4.3 Bt RBEIEAG Y

TE it T3 R b, S8 T R A 4 2 58 LI M SO
B 2332 2N LB EE A8 I JK i 5 e, BT LATR 5 - 3% T N
R FH T R SRE 20 R A S AR A B T 2 o8
Je BIRTHRBR . eAh, 78 T 58 i Us T A TR EE &
AT FH VAR Tk T 2 790 sl At 75 0 R A 7 o e

5 MH&RMEEFRAR

5.1 THERNHFHBEEESF

5 U B ARG T A A ol e A v ]
s BRGNS A IR LR IE HAE T D RE N
k. WHERINE B R IR — O e A A D
PR 1) T STt A AT 7 450 Ao i 0
JIt Ak B85 25 P MR 5 T8 07 1) B AR B L 2 ) B 6 AR
IS — UM JEE , 70 BRI I DX AR 2 AR AR — I
A 0 IO FL A D 45 T2 EOH s AR 1 O, HLTE B 2
AT SRV R AT A7 85 . 12 18 4F Ja A 4
B b J5 B9 S A B 0 2R R R B G T BT
AR U 25 7 R U R I
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HOH IR b dn 2R b e 4 4 el HE KA
AT K BEG  Io7 F 3)  U D5EA T A B R e, LV >
PRAUIE 2 10 JC A B, HE 7K 2R G0 B 19 8. MRt |
WEE B2 A s DA R & 20l T Y B ok B AR 2
Wi T A 9 2% 1HT AL A 455 )2 B 0, 00 B N 3 ok T
AR /K e 05 P LAAE A B2 0 0 Ao 09 258 42 5 )2 A9 1 000 T
X5 Y AT TR AR SE PR TR PSR Tz N
o ARFK B AT BR 25 55 el K 7 135 I b BLRG 45
JB A T AR i BE A 0T R A 2 T B B 0 e
LAY, By 1k FEBE AR E R B . AR
Feok stk A BE A A 20 25 BR 45 2 i A B9 S Ak
Yy AT 5 S B 300 P A e T LA AR T o 409 A S
1 A AR R AT VAR RS A0k ) e R 3 A
XA A B H T BE . 7 K TR B N 5 X K A AL
PEEAT 00205, 11 AR B0 T A 0 4 ) 25 2 o 78 K
J7 58 o Xk T HAA T e B0 L I AS A G i Ak B PR 05 2%
(ERN VSN DN B2 G S [P = OV A
1P . 48R PO S5 BAAR . ELAT A SR | % 18 2
I o 7 246 K R A 300 5 X T 45 = PR R R e g A A AT
PASE 7K B8 38
5.2 WRNHFEERNEITEN
5.2.1 #FEAENF &

T Ao 499 122 18D 5 T2 2 5 BU RRE L R R IR
KT AT QPR RE . A T Aok A9 A7 A 5% B B 5 2
AT R 9 0 455 2 29 50 B B2 5 45 2 IR 25 A A 0 3R
J31) o AT 2 T 500 A9 1140 A4 47 SR W o AT IR, ] 1]
TS A0 419 455 2= 9 24 2 e A e IR ) 5 = B 300 468 40 )
[R] R SR . T A 0 A 5 S A 0 119 7 3k A
IS A 3 B 266 B 06 0% L S A ik L A
M AE

FI 0 A 3 m] LUK 5 45 = 00 00 G, n] SR A A
SR o TR B A A A T A T L5 A WL
A, 355 0T TS 9 5 )2 B B R Y SO R R L LA
Je 0G5 T2 R Moy A L€ . Ik SRR
Y A2 T BRI A A 2 1 T T A0 9 2 T ) 1 LA
i o X 5 J2= 2 T ASCHEAT 00 ARG 4 T 1 vt 1 W 5 )2
(1% 8 B 175 D00 7 >R P i ol s A 222 Bl 9 95 55 T 1 K
TE R R R BB B a8 S LUBURL R 2R
TE 230 B £ B9 44 2 1

A 0 B 6 95 SR — ol 77 8 T 5 1) B = I O
U5 I Hok Ff 0735 Al LA H Ik A H A 45 2R AT R
Koo KRR SR R AT AERE AR AR L T IAEAN R R 5 )R
PERB AR G0 B X AT A A R0 A, 4G 45 R AN (L
TORAF B BB R R B I 3 25 2R BE A7 X 1L, DTt 45 44

AT R A5 J2 PR L o i) LUK 5 2 00 RS A 2
GBS BN IR . b B [R] e
B 0 i P G 0 235 R 38 T AR ) 5 J2 R AR

A I 3 a0 S R AR A
it FIWTEE R R e MRy s B P AR S
T PR kY K AR BN R R i R B A
TIE WL JE B 2 . WESE R YL 2 b i e
5 R RN B JE BAT RS . AR 92 PR L
FHE AT 368 ok G0 12X 700 &0 X0F it 46 89 A v A 0 Sk
Y& B AT I,

7 I DU v D A )2 R R OR 45 A 4
43 75 A BRI Rk A TS ok R, LA R B )2 A
P, R E L B R S B E AN Rt &
T A R S E PR ER S e 4 2R Bt
iH o JE R ek A M DN A ) R SR A A
173 v
5.2.2 #ERNTGE

TS fige B9 7% 11 5 J22 V1 B 455 405 4 B A 5 ik T AN TR
T 0E AT R OF 55 2 VT A B A A0 45 Y
K- T 3 BT PEAN 98 AR AL 5 85 R AP AR IR 2

B b 5 1 ok A A

JISF F H A< 4 B2 80 45 44 Blp 23 38 2o % 45 )2 A WL
I3V E A R G0 1) 85 2 BT A 1 R B B B it FiE
TR R B, g 9 B,

*9 HAMEWHKEEINTES R
Tab.9 Appearance classification of patina for weathering

steel bridges in Japan

SISy . FIRA WIS BIREN R
~ RSN
€ ik ORI
PNIEAY A
1 ARG 7% 5 I

KT 800 pm

HIERTH 5~25 mm
2 FB4 I K L AR
JE [ K F 400 pm

BIERSF N 1~5 mm;
3 RERRGEZ BER
¥y51 B NF 400 pm

BRI IR B Y
1 AL B R AR
JEEE/NTF 400 pm

BRI R, B0 5
5 SERR L RO
JERE/NT 200 pm
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2G5 NERIEIR T 1~ 4 )R T
N AR R TE SR T R 88 3 4R DL L BUE . i 5 %
5 2 5 L 5 AN M B A o . WO R B, 2
# 3 AR N IEE 2 AN LT A 5 il R O R T
XFRAMAE R S HoR RN 5 TE 5 F IR IRIES S
JE§ b S N 6 AR A O A L 1 AR R X B SE AR
PR JE B 2 5 T 0. 01 mm » 4F ', — R 0.02 ~
0.3 mm « 4F ", 2.3.5 4 J2 X 1 119 S5 1 S ok
RBAERRAL IR TR 5 FRaTRE. 2.3 452

S Tl E R AR R R 5~9 AEJS 2928 0.01 mm « 4F ',
4.5 GO W o R — H AR F 0. 01 mm » 4E,
YT 1A N Y AT B AN BOR B 2 R R
SR DR FH B R 700 0P 350 435 ol T 3 e R K e
VoA P AR AT R R 2 s X F 3~5 B2 R BB
S AFRE R ) AR AR, W8 5 S 2 AN EAN

2 H Towa M 2238 7T BF 55 i 5 v 40 F Tirf £ 49 A
BIZMBE SNRIE S RO e i R B L 4
T2 RAL Y HbR M IR 10 FrREY

F10 lowa MXBFEZWNFEEELT RIRE

Tab. 10 Quantitative classification standard of patina recommended by Iowa Department of Transportation

CARIZ

T R4 AR AR ZS 6
) SR 145 R VR T VR T 48 T (0 0 0 B BE L 6 S5 7 e 3 R DT A
gy | R8T AT R 22 L0110 50 0 S LR e O
" BN (<1 mm) B R
i B IR, 5 3 TR 06 3 U 2T 4 TR 6 0 8 0 (6 10 B, B B A B85 2 7 4 5 45 2
Cupy | PTEATIEBESR 6 L (L9 50 I T B LRGP 15 0 T A
N1 mm) B FIVERE A,
. O 2 (0 S VR A 0 EL 2 A TR B 7 (65 B 3 T 2R T AT 1~ 5 mm (10 B KA B0, 45 55 WS
gy | VTR B SR FLAFXP SO G (R4 A T S IOR AR L0 109 05 2 4 b 0
U B KRR 2 T T A4 B TR R S M
) B TR0, S VR 0 A 0 VS B 0, 9 T 40 0 W 2 3 €677 M B 5 T B0 T 2
o
Ciuggy | T2 LR A 5 R TR )8 LA
B4 R 2 s A LA S FLYS e 5 15 1, TR 1 R 1T RS BT L
, 2 1 0, 5 S (LR 2435, 2 T 3 A5 B R0 6 B T A < T T RSBk (25 mm)
Gy | PRI ECIHRT S0 2 05 8 2 0 LT K 55 AR 6 B b A
- J51 0 R S5 2 TS A 8 4 LA 0 B D S R X I 2 2 R e T
3 B IR T S 00 BE A LA 2 B ELF 2 90 T 0 B U2 5 Btk A H ok 45 2 1T L
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Fig. 18 Houdingxiang Bridge in Shenyang

K19 JHEE XS
Fig. 19 Changxiong No. 2 Bridge in Meixian County
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Fig. 20 Integral hoisting of steel girder
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B 21 3 G I

Fig. 21 Cross section of main girder

[ 22 BV ¥ A R B B B Ak M
Fig. 22 Huangyan Freeway Mofang Viaduct in Shaanxi
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23 HEAKH A 4 B BN R IR EE LR B 455 AR TR Il
Fig. 23 Local corrosion at connection between steel girder and

concrete abutment caused by unreasonable drainage facilities

B 24 RIERFES RS EE w2 e L
Fig. 24 Patina fluid in unstable patina flowing onto

pier and abutment
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Fig. 25 Weathering steel bridge crossing highway

Pl 26 i Aok 59 2 T 65 J2 AW AR B 9%
Fig. 26 Loosing and flaking of patina on

weathering steel surface

& 27 i Ak B A i 50 B
Fig. 27 Corrosion and deterioration of weathering

steel bridge in Japan
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PR 28 it Ao B = 2% Py 00 1 A ol

Fig. 28 Serious corrosion inside weathering steel main girder

TR U BB E N B0 TR A SAT F) S ok AL B L 45
JERSE B B ki 57 47 Sy B Hed it Be U5 ik 4
BERE AT TE B AN G TR, X T A 9 AT B4 35 T 449 368 4
Jith A5 SR AL S PPN B R BRI R AR
AT A WA B S8 36 . D Bk MBI L i 5 4R 4
A5 AT R T B AT I A3 2 4 41 T T g S A7 2 18
st B 5 JIR 55 TH SR A SR o S I A % A i v
A TR 50 A7 S A 41 R P B R F 6 B 50 i 52
A 5 I ] ¢ R 14 ST i
7.2 KEGSHEMERNFRATFLES

AR SCAE 25 03 B [ DA A1 T Ao 509 A7 B 52 6 2k e A
TR S B 2 e KL Al b AT ) A A S T 5 ] Y KA
AR SR AR T i e 1 BE T A B0 9 2 JEE T T I 114
SEAERE A R UM OC B AR S, P2 R 1 ot — 2
TR NI Sifp DR 1) B Rl P8 2 [ LRI, JH B A XA

(I BEXF e [ b 75 7™ € 31X R 7 e 1 A X
SRR R L P AL KUYD DX A TR X
15 Qe Bl A DX BRI 0 i TR B A i
i R A FRE XA P F A 5 2 T S 9 R S i
P BB TR A 50 ol R BE R AR PR AR 2R

() B55 Hr B AT T PR I5E L 06 A 8005 0, O Ji8
e P R TS 406 AT % 0 1) 5 V22 T2 ) B Ak 2 L ) A5 R
PEBORWEIE 48 A2 45 2 it 5 s dE R R 45 b ik
F s AT 55 2 A4 3 A0 1 A 1T PN Y 9% 97 | Tk AR T
2 55 A 56 M SR KA W 2 ) A AL A ST T
€ 35 AR TR ok T 55 BT ME D O 1 7 i e 1 RE T
e AT S B R PR R S

(3 % T M e v o WA Y WO 1) 0 TR B 7 vh
FEl 73 4 T AR 2R B B, T o 2 57 58 5 1 BT B R
P v I T R TS e i MR A I JUY PE BE 5 BT 5 T 2

(4 7 3 57 0 58 385 T A0k S04 A9 5 J= At A P iR
A B TF I AL GERE T AN R R R A L L AR
R DL LB AL s LIS R B =0 A
AN TR BEHOAR A A7 i o RE T 5 49 1 s 00 L 3
i 0B 4B HOR - 5 iR 55 TR B i

(5) BB A % [ AT Ao 400 1F T A e 22 4 5 4
ARARAE L B 25 v [ T Ao A9 A 1R F K 15 TR 52
B S B A AR R K A i e P R T
o BT BT Lt s dE AR vERLIE AR R

8 HitHEI

(1) H i 4 5 Ak 2 A S T B R 48 b
2% KH | HASEEZRED L H . BT
SRR A T AT R R SR 22 5 A R AR AR
FRANRB R 3 v K 7 i e T A T e SN M A 3 Y
FORFT R o WL X v [ ™ 2 |l X 8 0 Ak DX 1 S
B RE R DA SR X B R D X TS
X4 DX 3 P 35 R A ) R BB B A 4 il vl I T
3 4 X R P L B & 5 22 DG A A R i Tt
o A B RN PE BB R FE AR IR R .

(2) A 55 25 2B L Tid J65 ol AL 38 R % i PR 3R F 5
SRR WY, W 85 )2 B A2 B v-FeOOH , oo FeOOH
PL K 2R 2 FeOOH & W5 Fe, O, ¥ 1L, if
555 12 0] 58 L RE 75 DR FERR A B 85 R B T
BUK R SE R B2, R R 45 & b [ 0% it 4
AT AT P BB LA R 2R A O R o P B T A
RN 28 B A 2= DL 5 R e MR R BF T
5T 35 e Tl A 45 )2 4 1 U0 VT o ) 5l i L as R R

(I WFFR 5 TR S e &b S 2R B, o S I i S A7
P F = M RE P T A H AR, T A R A
T RGNS R AR R A5 )2 T R AR ST il 5 9 55 XoF
T i 0 A7 A I R 1 s e A T AR Y A R A
ST A THT PN R 798 5 TD A0 AR T 9% 5 1k 58 K H(E B
ST 2L, TR A e ik R A B T 5 1 BB E T
N7 T 57 S T R ok B 57 BT HEDN L Ol K
e P R TR A el T AR I R R S 4%

(O TE 53 HT 45 BU A T i 4 1 45 J2% 40 T 5 3%
B FEE B AL b 02 8 ST RN 58 35 A A9 AT
JE AR P Tk R 55 A5 0 1 A P B R AR R 5 B
S AR N Lk A | N NN € o
AN TR RERAR b K 77 i e 1 18 T 40 5 1 00
VAl FE e ) S H AT

(5) RAETE 21 22 /26 | H b A AT TR,
b FH X T 4 A9 1) 6 el 1 R R FH F 98 3R R B R A
BT S R AR R AN 5E R, AR
byl 3 5 2 A e T i AR L IR S5t S R i ] A
WL RN R 45 6 1 A 55 4 s 1 A it 4o 4K
B E U AR A B B , g S B 3 0 AL



24 X o@ B

I £ F K 2020

F149 1 7 i e A BE T ¢ 300 9 1 31 L S 3 A A s o AL
TR ZR B 57 i R B AR R A, 4 3 52 36 i [
T % SC 114 572 it

5 £ X
References :

(1] E&4.B 2R84 % QUM a ke wir 58 R4
PHIGELCT /BRI BE K. 5 — i 4 A R 4 4 5 2 4
ARV . Jeat . ARl AL, 2013:157-176.
WANG Chun-sheng, DUAN Lan, ZHU Jing-wei, et al.
Research on innovative high performance steel bridge and
tubular flange composite girder bridge[ C]// CHEN Ai-rong,
RUAN Xin. The First National Conference on Bridge Maintenance
and Safety. Beijing: China Communications Press, 2013:
157-176. (in Chinese)

2] RS, PRI T o 0 i & TR R st 2 sl [T A R 4t
% ,2003(5) :39-41,45.

LIU Yu-ging, CHEN Ai-rong. Development and design essentials
of weathering steel bridges[ J]. Bridge Construction, 2003 (5)
39-41, 45. (in Chinese)

[3] ALBRECHT P, CHENG J G. Fatigue tests of 8-yr weathered
A588 steel weldment[ J]. Journal of Structural Engineering.,
1983, 109(9): 2048-2065.

[4] ALBRECHT P, SIDANI M. Fatigue of eight-year weathered
A588 steel stiffeners in salt water[ J]. Journal of Structural
Engineering, 1989, 115(7): 1756-1767.

[5] ALBRECHT P, LENWARI A. Fatigue strength of weathered
A588 steel beams[J]. Journal of Bridge Engineering, 2009,
14(6) . 436-443.

[ 6] ALBRECHT P, COBURN S K, WATTAR F M, et al.
Guidelines for the use of weathering steel in bridges (NCHRP
314)[R]. Washington DC: Transportation Research Board, 1989.

[ 7] Federal Highway Administration. Uncoated weathering steel in
structures. R]. Washington DC: Federal Highway Administration.,
1989.

[8] E&A.B 2, F460, 5 T IRG B iR il
PERE RSP (). o [ A 2 4, 2012, 25(2) - 81-89.
WANG Chun-sheng, DUAN Lan, WANG Ji-ming, et al.
Bending behavior and ductility test of high performance steel
beam based on hybrid design[J]. China Journal of Highway
and Transport, 2012, 25(2): 81-89. (in Chinese)

(9] TEFA.B 2.8 . % FREIERER HPSI85W 5% 95 4
ardy R HOR IS L)), TR J14%,2013,30(6) :212-216.
WANG Chun-sheng, DUAN Lan, ZHENG Li, et al. Fatigue
crack growth rate tests of high performance steel HPS485W
for bridges[J]. Engineering Mechanics, 2013, 30(6): 212-216.
(in Chinese)

(10l EfA B 22 H1RW, 5. AR AR HPS485W KT 24 41
PRI []]. T F12,2013,30(8) :54-59.

WANG Chun-sheng, DUAN Lan, HU Jing-yu, et al. Fracture
and toughness tests study of high performance steel HPS485W for

bridge engineering[ J]. Engineering Mechanics, 2013, 30(8):

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

54-59. (in Chinese)

MISAWA T, ASAMI K, HASHIMOTO K, et al. The
mechanism of atmospheric rusting and the protective amorphous
rust on low alloy steel[ J]. Corrosion Science, 1974, 5(20)
279-289.

X R S R e i R A T K S R R T R L. i R
2 5P E R . 2006,18(4) :268-272.

LIU Guo-chao, DONG Jun-hua, HAN En-hou. et al. Progress
in research on rust layer of weathering steel[ J]. Corrosion
Science and Protection Technology. 2006, 18(4) . 268-272.
(in Chinese)

MORCILLO M, CHICO B, DIAZ I, et al. Atmospheric
corrosion data of weathering steels. A review[ ]J]. Corrosion
Science, 2013, 77: 6-24.

YANN H. Atmospheric corrosion study of weathering steel
using sensor technology [ DJ]. Boca Raton: Florida Atlantic
University, 2007.

ZHANG Q C, WU J S, WANG ] ], et al. Corrosion behavior of
weathering steel in marine atmosphere[ J]. Materials Chemistry
and Physics, 2002, 77(2): 603-608.

CHEN Ai-hua, XU Jing-giu, LI Ran, et al. Corrosion resistance
of high performance weathering steel for bridge building
applications[ J]. Journal of Iron and Steel Research, 2012, 19(6) ;
59-63.

OKADA H, HOSOI Y. YUKAWA K I, et al. Structure of the
rust formed on low alloy steels in atmospheric corrosion[ ] ].
Tetsu-to-Hagane, 2010, 55(5): 355-365.

MISAWA T, KYUNO T, SUETAKA W, et al. The mechanism
of atmospheric rusting and the effect of Cu and P on the rust
formation of low alloy steels[ J]. Corrosion Science, 1971, 11(1);
35-48.

TOWNSEND H E, SIMPSON T C, JOHONSON G L.
Structure of rust on weathering steel in rural and industrial
environments[ J]. Corrosion Science, 1994, 50(7): 546-554.
YAMASHITA M, MIYUKI H, MATSUDA Y, et al. The
long term growth of the protective rust layer formed on
weathering steel by atmospheric corrosion during a quarter of
a century[J]. Corrosion Science, 1994, 36(2): 283-299.
KATAYAMA H, YAMAMOTO M, KODAMA T.
Degradation behavior of protective rust layer in chloride
solution[ J]. Corrosion Engineering, 2000, 49(1) . 41-44.
CHOI Y S, KIM J G. Aqueous corrosion behavior of weathering
steel and carbon steel in acid-chloride environments [ ] ].
Corrosion, 2012, 56(12): 1202-1210.

DIAZ 1, CANO H, CHICO B, et al. Some clarifications
regarding literature on atmospheric corrosion of weathering
steels[J]. International Journal of Corrosion, 2012, 2012 1-9.
kAR AR BRZOE, 5. RREE 1 AR A R i R T
B2 M0, w6 5 B 2241, 2001, 21(5) :297-300.
ZHANG Quan-cheng, WU Jian-sheng, CHEN Jia-guang, et al.
Analysis on the corrosion rust of weathering steel exposed in

atmosphere[ J]. Journal of Chinese Society for Corrosion and



%14

IAREF . KAETHRREMEARFRLER L L4250 25

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Protection, 2001, 21(5): 297-300. (in Chinese)

SUZUKI I, HISAMATSU Y, MASUKO N. Nature of
atmospheric rust on iron[ J]. Journal of Electrochemical Society,
1980, 127(10) . 2210.

STRATMANN M, BOHNENKAMP K, RAMCHANDRAN T.
The influence of copper upon the atmospheric corrosion of
iron[J]. Corrosion Science, 1987, 27(9): 905-926.

ASAMI K, KIKUCHI M. In-depth distribution of rusts on
a plain carbon steel and weathering steels exposed to coastal-
industrial atmosphere for 17 years[J]. Corrosion Science,
2003, 45(11) . 2671-2688.

NISHIMURA T. KATAYAMA H, NODA K, et al. Effect
of Co and Ni on the corrosion behavior of low alloy steels in
wet/dry environments[]]. Corrosion Science, 2000, 42(9):
1611-1621.

NISHIMURA T, KODAMA T. Clarification of chemical
state for alloying elements in iron rust using a binary-phase
potential-pH diagram and physical analyses[]J]. Corrosion
Science, 2003, 45(5): 1073-1084.

NISHIMURA T. Rust formation and corrosion performance
of Si- and Al-bearing ultrafine grained weathering steel[ ] ].
Corrosion Science, 2008, 50(5): 1306-1312.

KIM K Y, HWANG Y H, YOO J Y. Effect of silicon content
on the corrosion properties of calcium-modified weathering
steel in a chloride environment[J]. Corrosion, 2002, 58(7):
570-583.

ASAMI K, KIKUCHI M. Characterization of rust layers on
weathering steels air-exposed for a long period[J]. Journal of
the Japan Institute of Metals, 2002, 66(6): 649-656.
TRARL, T W RS . TR A R AR S S R A A
58 BE B SELT ] ALK TR A . 2004, 28(6) : 30-32.

ZHANG Quan-cheng, MA Feng, ZHENG Wen-long. Bonding
strength between the substrate and protective rust layer of
weathering-steel[ J]. Mechanical Engineering Materials, 2004,
28(6): 30-32. (in Chinese)

kAR, R AL MR R RS RN el
AR FE 22 40,2006 ,18(3) :42-45.

ZHANG Quan-cheng, WU Jian-sheng. Mechanical properties
of protective rust layer formed on surface of weathering steel
panels[]]. Journal of Iron and Steel Research, 2006, 18(3):
42-45. (in Chinese)

FEABUG. UG SRR MR BR AR R g B SN A 6 2 Bk AR BT
FI[D]. b BAE R4, 2001.

JIANG Chuan-hai. Whisker reinforced aluminum composite
residual stress and steel rust residual stress[ D]. Shanghai:
Shanghai Jiao Tong University, 2001. (in Chinese)

FR s R A R DL TR AR AE T 5 BRI — 4R 1Y
BRI R BT GE M RR IR [ ). M il Al 22 S R P H R
2010,22(1):9-13.
WANG Shu-tao, GAO Ke-wei, YANG Shan-wu, et al.
Mechanical properties and thermal shock resistance of rust

layer formed on low carbon bainitic steel after being exposed

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

in Qingdao atmosphere for one year[ J]. Corrosion Science
and Protection Technology, 2010, 22(1): 9-13. (in Chinese)
£OELGEERE M LSS TR AT MnCu i 5 5
PO kAT A LT, vl Pl ok 5 37 4 24 . 2010, 30(4) : 257-261.
WANG Lei, DONG Jun-hua, KE Wei. Corrosion behavior of
MnCu cost-effective weathering steel under cyclic load in a
wet/dry cyclic corrosion environment[ ]J]. Journal of Chinese
Society for Corrosion and Protection, 2010, 30(4): 257-261.
(in Chinese)

GAO K, LI D, PANG X, et al. Corrosion behaviour of low-
carbon bainitic steel under a elastic load[J].
Corrosion Science, 2010, 52(10): 3428-3434.

KAYSER C R, SWANSON J A, LINZELL D G. Characterization

of material properties of HPS-485W (70W) TMCP for bridge

constant

girder applications[ J]. Journal of Bridge Engineering, 2006,
11(1): 99-108.
CHEN H T, GRONDIN G Y, DRIVER R G. Fatigue
properties of high performance steel[C]// WIT Press. First
International Conference on Fatigue Damage of Materials
Experiment and Analysis, Fatigue Damage of Materials.
Toronto: WIT Press, 2003: 181-191.

CHEN H T, GRONDIN G Y, DRIVER R G. Characterization
of fatigue properties of ASTM A709 high performance steel[ J].
Journal of Constructional Steel Research, 2007, 63(6): 838-848.
BARTH K E, WHITE D W, BOBB B M. Negative bending
resistance of HPS70W girders[ ]J]. Journal of Constructional
Steel Research, 2000, 53(1): 1-31.

SAUSE R, FAHNESTOCK L A. Strength and ductility of
HPS-100W I-girders in negative flexure[ J]. Journal of Bridge
Engineering, 2001, 6(5): 316-323.

SALEM E S, SAUSE R. Flexural strength and ductility of
highway bridge I-girders fabricated from HPS-100W steel [ D].
Bethlehem: Lehigh University, 2004.

YAKEL A J, MANS P, AZIZINAMINI A. Flexural capacity
and ductility of HPS-70W bridge girders[]J]. Engineering
Journal, 2002, 39 38-51.

oomRA R e R R PERE M S (D], W K&
K%:.2013.

ZHENG Li. Shear performance of hybrid girders fabricated using
high performance steel[D]. Xi’an: Chang’an University, 2013.
(in Chinese)

TAKAMORI H. Improving fatigue strength of welded joints[ D].
Bethlehem: Lehigh University, 2000.

EHEAEWAT R UKEF. N T ST I AR T B I AR AR TE
9 57 PERE AR K [T ], b A B 2441, 2017.30(3) - 72-81.

WANG Chun-sheng, WANG Yu-zhu, CUI Bing, et al.
Experiment on effect of stress ratio on out-of-plane distortion-
induced fatigue performance of web gaps in steel bridges[]].
China Journal of Highway and Transport, 2017, 30(3). 72-81.
(in Chinese)

TAKABE M, OHYA M, AJIKI S. Estimation of quantity of

Cl™ from deicing salts on weathering steels used for bridges[J].



26

I & %

Fi:d 2020

[5

0]

Steel Structures, 2008, 8(2). 73-81.
BD 7/01—1981., design manual for roads and bridges— weathering

steel for highway structures[ S].

Corus Construction and Industrial. Weathering steel bridges[ R].
London: Corus Construction and Industrial, 2010.

KRIV V. Design of corrosion allowances on structures from
weathering steel[ J]. Procedia Engineering, 2012, 40 235-240.

YAMADA K. Japanese experience with weathering steel
bridges[ R]. Nagoya: Nagoya University, 1983.

T8 m SR B BR, R E N A BRA T L # i 4E 7
BRI I B » 5. 2 A S T 468 AR Bt B R 4R H (RO
TEFH 0 T4 = A B B L 2015,

Liaoning Provincial Transportation Investment Group. China
Railway Baoji Bridge Group Co.., Ltd. Ansteel Research
Institute of Iron and Steel, et al. Technology guide for
construction of highway bridge weathering steel welding[ R].
Shenyang: Liaoning Provincial Transportation Investment
Group, 2015. (in Chinese)

MCDAD B, LAFFREY D C, DAMMANN M, et al. Performance
of weathering steel in TxDOT bridges[ R]. Austin: Texas
Department of Transportation, 1999.

Pl e 248, o0 R, R ARER A5 W5 B B 19 1w 0 MR AR i R
WL, W45 .2018,33(1) :105-108.

TAO Xiao-yan, SHI Zhi-giang, HAN Ji-yue, et al.
Experimental research on high strength bolted connection of

weathering steel bridge[ J]. Steel Construction, 2018, 33(1):

105-108. (in Chinese)
AWK E WL, AR T 6K 2 T 5 R KRR b b

BUR 5 K R ka1, Rk 5B R ,2015,27(5) :503-508.

SHI Zhen-jia, WANG Lei, CHEN Nan., et al. Current

[60]

[61]

[62]

situation and development trend of weathering steel surface
rust layer and its stabilization treatment, corrosion science
and protection technology[ J]. Corrosion Science and Protection
Technology, 2015, 27(5): 503-508. (in Chinese)
CRAMPTON D D, HOLLOWAY K P, FRACZEK ].
Assessment of weathering steel bridge performance in Towa and
development of inspection and maintenance techniques[ R]J.
Towa: Iowa Department of Transportation, 2012.

HARA S, KAMIMURA T, MIYUKI H, et al. Taxonomy
for protective ability of rust layer using its composition
formed on weathering steel bridge[ J]. Corrosion Science.
2007, 49(3): 1131-1142.

TR A RS A B RGN S8 ]
WL ,2015,3006) : 17-21.

WANG Chun-sheng, CHANG Quan-lu, ZHAI Xiao-liang, et al.
Design and structural analysis of tubular flange composite
girder bridge[J]. Steel Construction, 2015, 30(6): 17-21.
(in Chinese)

SRR RIS T T AT L A T A5 A SR ik ) 2 AT R Y R
FOR AT ], o A B2 4, 2019, 32(5) 11416,
ZHU Jin-song, GUO Xiao-yu, KANG Jing-fu, et al.
Research on corrosion behavior, mechanical property and
application of weathering steel in bridges[ ]J]. China Journal
of Highway and Transport, 2019, 32(5): 1-16. (in Chinese)
TAMAKI Y, SHIMOZATO T, ARIZUMI Y, et al. Evaluation
of corrosion deterioration of weathering steel bridge under the
environmental corrosiveness| C]// Taylor and Francis. Proceedings
of the 5th International Conference on Bridge Maintenance,
Safety, Management and Life-cycle Optimization. London:

Taylor and Francis, 2010: 3569-3575.



