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Experimental Investigation on Corroded Cold—formed Thin-walled

C—shaped Steels Short Columns under Axial Compression
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Abstract: This paper studies the influence of corrosion on the bearing capacity of cold—formed thin-walled C—
shaped steel short columns under axial compression. Through the monotonic tensile test of the plate,the mechanical
property degradation law of the corroded cold—formed thin—walled steel plate was studied. Five corroded cold—formed
thin—walled columns were subjected to axial compression test. Failure mode, deformation characteristics and bearing
capacity of the columns were analyzed. The calculation method of the ultimate load was discussed. The experimental
results show that the yield platform of corroded steel becomes shorter or even disappears,and its yield strength de—
creases linearly with the increase of corrosion rates. The failure mode of the corroded C—shaped short column under
axial compression is local buckling failure of the web, but local buckling occurs mostly at the weakest part of the web.
The ultimate load decreases linearly with the increase of the average thickness loss rate. The effective width method
and the direct strength method, considering the degradation of the mechanical properties of the corroded steel and
thickness reduction, can predict the ultimate load of the C—shaped steel short columns under axial compression. How—
ever,the modified direct strength method is closer to the test results, and the modified effective width method is more
conservative.

Key words: corrosion ; cold—formed thin—walled C—shaped steel ; axial compression ; short column ; ultimate load

=  Wifs BH3:2020-04-17
B4R HE A RFA L4 YRI5 H (51378417) , National Natural Science Foundation of China(51378417); [ % + = 1.8 S0 & %) 10
H(2016YFC0701305), The China National Key R & D Program During the 13th Five—year Plan Period (2016 YFC0701305)
PEE BT AR EAE(1963—), I VLIRRGE N , TG L AR HURHE K02, LA 50
+ 15 &R A, E-mail : xnniebiao@163.com



oW

IR SIS 25 WERE C RN B R I A Y 119

AHLEAELAN , 12 25 R R 5L AT A o v o PR
PERELF MBI RIG 2 1A H Y T ARSI
SR )2 PR, LRI Z2 S JF 1 AT L RE JRE 44
W AR SE IR LR, AR P [ B SRy 58 Y DRt x
¥ 25 T RE R AN B AT 32 AR i e AR e MR AT it e
S5 5 TP, KRR R AE T PR A B A AN P sk Gt
PR E R R, B AT BUN AT TR AR
PRI REIR Ak, T HL ARt Y AR 2k figt.

BT, CTEHUIM I PERE S BV 1 7
BTk RE YA I O RIS A 22 R . I THE B8 5 X6 B 401
Q235 Wtk A THiARIER: , A B oG AN AR BT Hism
B IR B YA s . s e A g h R Tl S 2504
L RE RN AR B A A AR A, ELs phox 2B
PERTSZ I S TR TS ok, BRIV S RE RN b
PERE A2 5 TIEL LN 358 T 854 H AL fi
U2 AT YRR RS e AR B RE S BB R 1 84k
@, SrHr TS B OS2 HN AR 2 RE A
FALH R AN, Karagah 26X} Js 3R 45 460 H R4 iF
T, A5 3RS Pl R 8 ) B 5200 LE AR
Bl o S, AR AR A o ISR AR A e 2,
8 TG H BVRAE R ] AR B FIFERERE ST, R
LS IFERERE 1 11 T F£1. Beaulieu S5
GE T GO AR AR T B FE . B 0 U A A
TR SRS R S H RN R A B R e Y 2 22
K2R, 38 Gl A A B 1ol bl ™ o, 7R 287 AR, Sharifi
SRS T B PUNR R AR SR, Al T
JEEJEA SR RN A 25 R 22 ) ) i G RV S 5 A T
PV R TR . 44 U IR B RN PR AR 2 )
Bl Db [] () S BRI, O ELAB VAN 1 ] 58
FEPR B M A8 23 SURIEAE. Wang 5534 1851k
XPRREAN T S PUEYERE A 2R, FR4E X B 5T I
TR G RRR , S BRI S R
FIFERERE ) B RRAKU. Cascini S5 R B T2 4
BE R R L P RE 2 IR B bk ik v, HLgE Ik
5 iz 0] A VR F 25 2 M AR A 1 Yy R 2k g
T AR R AW TE BT X AELAN , T v
BERVNZ v, HJpe R S G LI AAAE ] 2
ANlE], AH 2 H R S T RE R AN A (i o
AAE. K, B v L RE RN AL 1) AR ARV RE S
AR AR R4 [0 R

ASCEEMIGR T H A LSRR C TR KT
FEARBLNE RS0, 38 AR SR s, B T

GRS PERE IR (ALY i X 5 AREEHL C
TR AR TR A, AT T B ko b P S
IR AR TR e SR it i 1y 8RN BIR 77 A 5
Wiy, FFE TR R BT Tk

1 REAFR

1.1 #rERe

A STk iR 9 AR SHEE C B
R4 JERA AR R ST €200 mm x 65 mm x 15 mm
x 2.5 mm, PIBF R SRR Q235. MR C TEAN
BRI AR Hr IR 2R B AS B Rl Qi 1 FoR.
TP BR 6 I >R PR P D JA S AR BB P 5 AN
AT PP, 2SRRI 5 A0 055, AR i X 45 7 T 8 38 T
YIE, IR 5 AT A T B e IMEE SRR/ NE
B d. 3562 B R ] DNS300 55 B 17 R i B AL,
Fie BESCHR[20] A BER A TR R | a2 Jee Al i
TN#RH R BN 0.75 mm/min, i RS D205 R EC N
5 mm/min.

%0 ‘ 67.15
17.85 17.85

B 1 b R4 (4% mm)

Fig.1 Tensile specimen size(unit:mm)

67.15

P s () 5 i 2R PR AT 2K 238 m SRAE %
()R

n="b=d  100% (1)
do

e dy MAF IR IR RE (dy=2.5 mm ) 5d R/ NEEE.

AR R - RS Hh 2R AN TRl 2 Bizs , 8%
PR A BT R SR R IR B AR R
TR, (CACT A AC3 FATEIRT-F. 3R 1 45 THF
PRI 1 122 ERES L, o d, ik R E,
BRPERSERE f, R (8 — R A NS 0.2%
PRI ) L f, AN R AR 1 AT 7 H I 4B 45
SRARIHG I, BB I A5 B 0 2 AR, (ELRRE Bl o 2
AN RS B £, S5 A 4012k 3 i94UE il 2
K 3 Fon . f, B m B3R A PR HOCR
H(2).

£, =280.02 - 473.887 (2)




120 R 2= (B R B2ERR) 2021 4¢

4001 ] 25 M R I 9 SC 63 2 Y, A R S L
30T P a(3) 20K

3007 b < L < 20i, (3)

: 250 S b FIRRF IR GE L 30 S LT 8 P 85/

=200 CES e

s WERPAEMBGLRPI595 J1, P

ol U RSE A 240 mm x 110 mm x 10 mm A3 I

ol A AT RO A T, HR 4 I AP 2

I S {1, W RESS 03 2. VP B IR 4 s, oo

o L AP A SRR h AR L b, .,

B2 BA-RE M

Fig.2 Stress—strain curves
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Tab.1 Results of material properties test

M5 dJ/mm  dimm  n/% EJ(10°MPa) f,/MPa f,/MPa

AC1 2384 2313 749 1.92 24791 370.39

AC2 2326 2214 1144 1.79 217.21 363.86

AC3 2420 2210 11.58 1.87 227.02 358.52
AC4 2220 2155 1379 1.90 213.64 355.26

AC5 2201 2125 1498 1.85 213.40 356.28
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Fig.3 Yield strength degradation law
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Fig.4 Specimen crossed section
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Tab.2 Measured dimensions of the specimens

A/mm*>  h/mm  b,/mm b,/mm a/mm a/mm

A4S Limm

AC1 698.00 829.53 193.25 62.50 64.75 14.17 14.96

AC2 698.50 816.43 192.50 62.25 6425 15.10 15.78
AC3 697.50 831.87 197.50 64.50 6225 15.09 14.79
AC4 698.75 804.57 192.75 64.50 6250 14.75 15.50

ACS 699.50 799.34 192.75 64.00 6275 15.58 14.35
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Tab.3 Thickness measurement results

K95 t,/mm % C\/%
AC1 2.382 474 2.96
AC2 2.336 6.55 2.70
AC3 2.340 6.40 4.53
AC4 2.307 172 6.95
AC5 2292 8.32 7.84
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Fig.5 Variation curves of web thickness
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Fig.6 Arrangement of displacement transducers
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Fig.7 Arrangement of strain gauges
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Fig.10 Load-axial displacement curves

222 FE-M AL

Ji5 AR LR () i 28— 1) (57 B i £ A& 11 s
MR LN A B L AN IE. AE 11 ATE HES
MR ) AL RS R BHAE A, FE B DR Bl far
B3I, BE AR RN ) A S e e, A
B FRAT 2SS M i) (57 5 35 A8 h A

140
1200 =TS
100

‘ —

2808 __ g

" —-——4

oor ... 10

40 L ‘l‘l
20+
0 . . .
210 -8 -6 4
1457 # /mm
(a)ACI
20F el
100 | N
.\l
80 - —

5 -- 9

& 60 f s 4

iz == 10
40 b == 1l
2 F

0 .
-8 -6 -4 2
1457 # /mm
(b)AC3

B 11 FE-—meiass s

Fig.11 Load-lateral displacement curves
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Tab.4 Mechanical properties of short

columns under axial compression

iS5 n/% CJ/% A/mm o,/MPa P.JkN PN P./P

AC1 474 296 132 151.53 125.70 56.95 0.453

AC2 6.55 270 122 146.06 119.25 33.15 0.278

AC3 6.40 4.53 120 142.69 11870 4255 0.358

AC4 772 6.95 1.09 133.67 107.55 61.15 0.569

ACS 832 784 1.10 12836 102.60 30.60 0.298
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Tab.5 Comparison of calculation results of
effective width method

M5  n/%  PUKN  Pa/kN  Pio/kN - PUPy PP

ACl1 474 12570 127.64 11652 0985  1.079
AC2 655 11925 11402 10224 1.046 1.166
AC3 640 11870 11887 10512 0999  1.129
AC4 772 10755 11007 9573 0977 1.123
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Tab.6 Calculated results of direct strength

method before modification

95 n/% PIKN N./kN N./kN A, Ps5/kN  P\/P;
AC1 474 12570 188.04 125.05 1.226 148.34 0.847
AC2 6.55 11925 163.15 111.17 1.211 129.73 0919
AC3 640 118.70 173.64 113.08 1.239 136.05 0.872
AC4 7.72  107.55 15848 113.14 1.184 127.94 0.841
AC5 832 102.60 157.27 108.03 1.207 125.38 0.818
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Tab.7 Calculated results of modified
direct strength method

M9 m./% PUKN N, /kN N,/kN A PiL/kN  Pi/P.
AC1 474 125770 182.64 80.16 1.509 125.69 1.000
AC2 6.55 119.25 158.85 71.82 1.487 11040 1.080
AC3 640 11870 166.30 6935 1.549 11252 1.055
AC4 7.72 107.55 148.74 6545 1508 102.44 1.050
AC5 8.32 102.60 146.08 60.58 1.553 98.66 1.040
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