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Abstract: In order to study the influence of local pitting damage on the bearing capacity of H-shaped
steel columns, a numerical model is established and its rationality is verified by theory. Meanwhile,
the damage location in the actual structure is taken as a reference, and the pitting corrosion pits with
different corrosion degrees are arranged evenly on the flange and webs in the feet and middle of the
steel column, respectively. Then, the buckling mode and ultimate bearing capacity are evaluated by
the eigenvalue buckling analysis and non-linear buckling analysis of each group model. The results
show that the buckling modes of steel columns with different corrosion pits and corrosion degrees have
not changed and are bent in the weak axis plane. The reduction coefficient () of ultimate bearing ca-

pacity is approximately linear with the depth of corrosive pitting (@), and the relationship between r
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and the degree of corrosive pitting (DOP) can be accurately described by a quadratic polynomial. The

closer the local pitting range is to the middle of the column, the more the bearing capacity of the H-

shaped steel column is lost, so the local pitting sensitive location is in the middle of the column. The

effect of @ and DOP on the bearing capacity of the H-shaped steel column can be comprehensively con-

sidered by using the weightlessness rate (D,). And the » and D, show a good approximate linear rela-

tionship under various working conditions. In practical engineering, the D, can also be used to evalu-

ate the safety of H-shaped steel columns under local pitting damage.

Keywords: H-shaped steel column; local pitting damage; ultimate bearing capacity; eigenvalue buck-

ling analysis; non-linear buckling analysis; degree of corrosive pitting
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Fig.1 Steel column and finite element model
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Table 1 Calculation results
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Fig.3 Model of steel column with local pitting damage
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Table 2 List of model setting of steel column

BiRgS DOP/% o | H®4%S  DOP/Y%  «a

1/2/3/4-01 3.14 0.1 1/2/3/4-13 1963 0.1
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Fig.5 Ultimate bearing capacity of steel columns with local pitting damage
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Fig.6 Influence of the position of local pitting erosion
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4 SKHEMTIE

FE 2.3.2 795 % g1 bl i S80S WA R EiRE T 2
] 40 ] LA 3 — s i AR A R E R
I AR L 25 S F DOP A o, ASF T R FH 78
S bR A EPE AL T AR, B SE PR A DI, R 2R 5
Y DN R A . SCk (8] iE B 8 boPv
(o T A R 00 8 ) 255 45 VT 0 4 T o5 o 8 40 T TR
BRRAE B R S, SCER[9] s D (L E R, 5
DOPV S50 ) A5 Ay 35957 J6 ot 5C B 2 B0H 7 50 4 1 ik
2 o B 10 S o3 AT 45 SR RIS o ARG 0 2 5 A X
FZH DOP M a, % B3R M 3K WU R i 5, 223 iF
— 5l FH 280 D, 25 4 VA Jm 350 o5 Tl 452 407 45 A A
WAL S Z A 2, R4 IR - 55 D, 2 )
HEST XN KR
D,=DOP X «a (6)
B 108 D, B LA S R, T WL, P etk
BRI SR LIRS 38 1 005 O B R T R S A K
1 Z 8] R] DLE ST E H OC R AR BRI A
FAS I35 H e, ] LR A S 1 2k B R P4l R e
F1 o MR B Tl #5575 R 28 BR ) (GB
50144—2008)""* X 4 25 #4442 1) % 2 PP 2%, (8
YERRN (S) 525/ T Z M R B (y) R, N &
& ok 9 5 T, Al P H R AR A 14, FH R B (D, ) R
r JH 1 (R) AR IR N (D, )P, BLAL P, B Ay J5
A 1o 25 B0l f(D )R/ y,S 7% 1 il s
M), % il H 76 A 1 R AT 4 T

(1) H B AE R 0 s it 5 F i i B 5
TCAB S AR AR, 359 Ry 7 55 il T O A Al e AR

(2) 35 ol 453 005 58 B (DOP) 1 BE JEE 453 405 1 () #4
BN X 25 0 H R AR A R R BE T IR AR, M a
WOEL, - AU BE AR S DOP (Y 38 K T 2 B2k 1 G
R M DOP R B, r RIS o KT Ik Z
T3 X 558 Ay o A A

(3) Y Jay #5565 ot ¢ A iy 1] A v B T ), X AR A
AR T H 55 2 WG, R AR R L A 2
i o R AT TR R B

(D LLRER(D,) N K5 S50, nl LIS Ja i a5
Pl 5 HORLAR A SR AT 2 4 PR 25 e T4 .

1025



1026

1.001 |
. [ ]
Looo|  wem"
- § - -
"~ gan® g
0.999 .
0.998 |
=-0.000 068x+1.000 25
0.997 ’=0.623
= ARG
0.996 - AL .
-5 0 5 10 15 20 25 30 35 40
D,/ %
(a) HEFHIFEAR
1.05¢
1.00F — e,
095+ []
0.90} " a
0.85} S m
| ]
0.80} .
y=-0.008 77x+1.033 6 ;
0.751 R=0.8673 .
0.70}F
LI V2 2Rty it
065 —  MEk .
060 1 1 1 1 1 1 1 1 1
-5 0 5 10 15 20 25 30 35 40
D,/ %
(b) IR
LOO| ey,
I\=\I
l - [
0.98} N
-
0.96 .
| |
3=-0.002x+1.002 62
0.94 R=0.924 1 .
= FE3ABER
092}

— Bes& ...
-5 0 5 10 15 20 25 30 35 40
D,/ %

() HE AR
11
n
LoF ﬁ~.l
f.\u.\
09} R
" 0=
0.8 L] N |
.k N "
0.7+ y=-0.011 1x+0.995 08
R=0.933 83 LN
06F w sEamApEE o
— BEZk
05 1 1 1 1 1 1 1 1 1
=5 0 5 10 15 20 25 30 35 40
D,/%
(d) Hh 32

K10 D Bds s

Fig.10 Data fitting of r and D,,

S % 3k :
[1] Garbatov Y, Guedes S C, Parunov J, et al. Tensile

[3]

[7]

(8]

strength assessment of corroded small scale specimens
[J]. Corrosion Science, 2014, 85: 296-303.

TR, ARFAIE . B IS BB B AR i A i IR B Y
HERALT] WL TAE A1 RL, 2015, 39(10): 74-78.
Xu Sh H, Ren S B. The calculation model of elastic
modulus and yield strength for corroded steel [ J]. Mate-
rials for Mechanical Engineering, 2015, 39 (10) : 74-78.
(in Chinese)

TR, 20, Up M, S BRIV A E R AN AL R ) 2
PEREIK B0 [J]. Wy R Tl K% 240, 2018,50(12)
74-80.

Xu Sh H, Li R, Su Ch, et al. Mechanical property
tests on cold-formed thin-walled steel materials with
rust loss [J]. Journal of Harbin Institute of Technolo-
gy, 2018, 50 (12): 74-80. (in Chinese)

Saad-Eldeen S, Garbatov Y, Guedes S C. Effect of cor-
rosion severity on the ultimate strength of a steel box
girder [ J]. Engineering Structures, 2013, 49: 560-571.
Ranji A R. Buckling analysis of corroded angle beams
with irregular random surfaces [J]. Journal of Failure
Analysis and Prevention, 2016, 16(5): 912-918.
MRARZL, i, R R EE . AL R DR 1 ) S
e &5 AL TR AL 2 7 ¥R [T]. ia JR I Tl R % 22 e,
2016, 48(12): 70-75.

Ye J H, Shen H Q, Xue S D. Simplified analytical
method of mechanical property degradation for steel
members with pitting corrosion [J]. Journal of Harbin
Institute of Technology, 2016, 48(12): 70-75. (in Chi-
nese)

WAL, X0, e . B IR RO 52 R AR A R v
REIR AL LA LT 0 Tl R 2% 41, 2016, 48(6) .
157-163.

Xu Sh H, Wang H, Xue N. Deterioration law of bear-
ing properties for corroded eccentric steel columns [J].
Journal of Harbin Institute of Technology, 2016, 48
(6): 157-163. (in Chinese)

EAAR, JPIRIE, SERAR, AF L SR T EREAT A
JhB AE b 1 Al BR R B BF ST LT]. W v TR, 2015, 33
(3): 29-35.

Wang R H, Fang Y Y, Dou P L, et al. Investigation
on ultimate strength of pile-foundation platform legs
with pitting corrosion subjected to axial compression
[J]. The Ocean Engineering, 2015, 33(3): 29-35. (in
Chinese)



(9]

[11]

[12]

[13]

S, IR, BRUA—, A RO SRR RV B2 )
P AE 52 M 4 9 B 5T (T]. A SR 45 M 44 4R, 2012, 33
(7): 53-60.

Shi W Zh, Tong L W, Chen Y Y, et al. Experimental
study on influence of corrosion on behavior of steel ma-
terial and steel beams [J]. Journal of Building Struc-
tures, 2012, 33(7): 53-60. (in Chinese)
FATAR R U BE B A5 P B B A B iR R T
[J]. TR A2, 2018, 35(12): 248-256.

Wang R H, Zhao Sh Sh. Ultimate strength prediction
of steel plate with random pitting corrosion damage [J].
Engineering Mechanics, 2018, 35(12) : 248-256. (in
Chinese)

B R TR it T B R MLV - GB 50205—2001[S .
JEmT o AR ST T R L 2001

Standard for acceptance of construction quality of
steel structures: GB 50205—2001[S]. Beijing: China
Architecture & Building Press, 2001. (in Chinese)
45 H B AR E - GB 50017—2017[ S b5t . o [ 48
T AL, 2017.

Standard for design of steel structures: GB 50017~
2017 [S]. Beijing: China Architecture &. Building
Press, 2017. (in Chinese)

TR, BRGK . 5 1 H A H O 52 T AR 480 1 e i 5
FelI). 5B 1%, 2013, 28(4): 536-541.

Xu Sh H, Qiu B. Experimental study of bearing perfor-
mance of corroded H-type steel member subjected to ec-
centric compression [J]. Journal of Experimental Me-
chanics, 2013, 28(4): 536-541. (in Chinese)

[14]

[15]

[17]

[18]

FATAE, TR IR, AL RO T B 4
P R A B BE 1 22 RUBE A3 7 O ik D). R 7%, 2016,
33(1): 238-245.

Wang R H, Fang Y Y, Lin Zh D, et al. Multi-scale
analysis of residual strength of offshore platforms with
pitting corrosion [J]. Engineering Mechanics, 2016, 33
(1): 238-245. (in Chinese)

Nakai T, Matsushita H, Yamamoto N, et al. Effect of
pitting corrosion on local strength of hold frames of bulk
carriers (1st report) [J]. Marine Structures, 2004, 17
(5):403-432.

Tk B B 405 AR 45 A Je VA TR 5
i RMEFLT R, 2011.

Zhang Y. Research on buckling assessment method of

D]. K

hull structure with corrosion damnification [ D ]. Dalian:
Dalian University of Technology, 2011. (in Chinese)
XU T e T A5 0T S0P A2 S R 2 3 1 ) 5 ) R A
SELT]. MEEH, 2018, 33(3): 118-122.

Liu B. Research on influence of corrosion features on
the stress of the substructure main bearing beam [J].
Steel Construction, 2018, 33(3) : 118-122. (in Chi-
nese)

ol 50 AT FE M M E AR E - GB 50144—2008 [S].dE
B R SR T 4 AL, 2008,

Standard for appraisal
buildings and structures: GB 50144—2008 [S]. Bei-
jing: China Architecture &. Building Press, 2008. (in
Chinese)

of reliability of industrial

(AL - RE)

1027



