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Statistical analysis of cross-sectional area distribution law of

corroded reinforcing steel bars
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Abstract : The detection and evaluation of the corrosion characteristic parameters of steel bars is the basis for
the performance evaluation of corroded reinforced concrete structures. The corroded steel bars with
different target corrosion degrees were obtained by electrochemical accelerated corrosion test. Three-
dimensional laser scanning technology was adapted to establish 3D geometric models of corroded steel bars,
and the relevant corrosion characteristic parameters were extracted. Then the relationship between the
average and maximum cross-sectional area loss ratio, as well as the corrosion non-uniformity coefficient
were analyzed based on the probability theory. The probability distribution model of corrosion non-
uniformity coefficient was also established. The results show that with the increase of average cross-
sectional area loss ratio, both the maximum cross-sectional area loss ratio and the corrosion non-uniform

coefficient increase as power function, and the parameters of power function are dependent on the diameter
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of the corroded steel bar. The corrosion non-uniform coefficient could be characterized by the generalized

extreme value distribution. The shape, scale, and location parameters of the probability distribution

increase linearly with the increase of corrosion degree, which are also dependent on the element length and

the diameter of the corroded steel bar.

Keywords: corroded steel bar; cross-sectional area; 3D laser scanning; corrosion characteristic parameter;

probability distribution

TETREBE 25 FA fekT P S0 Ta] G PRy S A 4 A A A IR
B AT P Bl S 88 1 ARk T A A 85 o 8 477 5 o S B0
LERTERES AL L 18 S BT T B L 45 4 14 22 A Rl
PERE o o S TR E L B T A 5 ol R R TR
AT AEDTTE SR — BRI RS, T
P27 B ARG A 7 B 37 I A 245 ) P B IR
PRI {5 5547, e 22 B 0E 9T TR BE L
TF 055 B 2% T 132 5 B Tk A 3 i e 2 22 ] A A G
PR TR 53 75 ok | R 4 S A R S AT K 2 ]
A2 B T ORTES . HANAG I B iR A 2 2] H
BEHLAY B e A v 22 22 S B I A A T L Jm) 13
JLIETIR AN Eiog v kT AR o G R S A KB
TG rRT I A A7 5 R R AR TR BE D
55950 o 32 Rl AR v B ok N A A A A /N TR A
LGN S A S A Ui SN AL VESSS
HE, RT SEHTRA BEHL H AR AR AR ME R
WBOER Y Sl AR R AR . A% S8 B0 B 0 ok A A R T
BT A Webn R~ RO7 ik HEKIE X RS KIS
ARBETT . Herb AR R RO IR d A 0 e 5 4
3 B0 LA A0 R A T 0 4 3 9 A3 ) A g v AR 2K L EL
UNSRGEHT IR SO A7 A 0 i DR L DL PR TR RS
JEE P 1) R 5 7K VR K 5 Tl B9 A3 T A B K ) 2
i P T e SR A T R TR T A AT 1) AR ik
70 AT AT 557 45 ol S 24 e e AR BT v
15t foe VBT AR 5 X B2 55 TR f Ak B B R
FHT B A A 73 8 e 4y 2 [ 728 S, L 284 20055 (U135 119
AR, SCRERCHIN BB T A A2 . RlE s — 2
SCAARE T 7 RN T A A R 5 DL AR
GEJT LA L A0 7 JE ok T B R E RIS IR 5 T8 5
WISE RS W . 2% I 8 b A ARG I ) DRI X L 5532k
ZAERBOCT AR SAT A S AR AL

FURI S 1722 2 2 01 00 65 Tl A9 7 1) AR 249 2 85
RHIES B0, e AR 5 o 3% /N R A AT AR
AT Re 45 X 890 1 = VR RE A9 B2 M Al T K i At
PR RO s N TR LR SR L SO S S | B
S TRFIE S B0 o B Tl R | 1 2 I R A

BISE PR IE S B B AH OGP 9T | — R X — 3%
1) ZRHEA T 17 B A [ A D R 1) B 25 A 46
DA BRI 5] R B RE 2R 3 A o Mo MG s e/ VBT
LT B 2] R AL R R R AE R HAR%E
JEJE T AR L EE R » SR S5/ N o AR s B M 2
W,

AR N REA AR ME AT EOR LA
WG T2 % H T irbiih 4. 1, Sheikh
ST IR GE Ty v U T T R T A B R IR
SyAT R Stewart '™ Fl Gumbel 43 A #5480 T 87 1)
RS MR IE , Zhang %7 H Gumbel 437 i i
T b R A R T AR S BE T ) R A A, AR
M FE/NFEA TR A5 T AR T & A A~ 311 S8
() Gumbel 7311, %A 3 Do S B U AE 53
A5 (GEV 4341 X85 1l 4K i et A 1 AR B A 0y ) 41
BRG]l GEV 43455 — T 4345 Gumbel 43
ATTEN Y 3 TR AR 73 A1 pRES, 7T LA % 28 e o —
H A5 1 R B2

SRR G A 5 ok ) 53 A 4R T AR A o A R AR, 2B
A S A A A S N A Tl Y T VA R AR AN ]
B T RR B BN A SRS R = 4R OGRS R R XA
(v 75 e 8 %) 800 A A 4 ST R A A, i LA Tl K A3 1
AR, SRS k@S AR A hRRE S 5L
5P S R Z [ A 5C R IR AT B oA 1)
ZB R MR 0 E R WA S 505 HAE 8
TSR A S 2R L LD B TS T BRI B RN 7 1
XS R Sy A5 S E 52 0 A TR BE 25 4 0T A 1 43
Frig iR .

1 #MR57AE

L1 &It 5HE

e AR i P AN AR T AR TR B b rh &
A5 b i A AR I AR 3 A R BT Y SN R 1
fs o SEHIVE T 96 A5 AN A AT 4 AR T A A5
BURE . O TR Hh A A 9 S B B R 2 o
PR IR e AR AT N S i, TRBE AR AT



% 5

X 2 5 AR AR AR i AR B AR TR HLE G AT 207

JSF2R 374 mm X400 mm X 100 mm , i 54X 57 A HE
B A E L BE 6 AR RIZIEE N 30 mm, R
C30 JREELDEH. by H9 Al st 45 b, 7E TR BB - 43k
PRI Sk YR E B 39009 NaCl, 156 AL
AR BE AP Y 300 mm A & AR A ik TR E 1
MR R S8 0 B A 1 s . SRR IRHIE T
16 PRiRBE LA 1531 96 ARAN IR B5 Tl AL 2 A B 7
R 1 NEBR RS G 8
Table 1 General situation of steel bar and preliminary

corrosion duration

W K/ Fm HixE WL
Al mm  JEH MR/ % Ik /d
0 1
5 6 19
HPB300-10 500 FEIF
15 6 58
25 6 97
0 1
5 6 31
HRB335-16 500 il
15 6 93
25 6 156
0 1 0
5 6 27
HRB400-14 500 Hh 10 6 54
15 6 82
20 6 109
0 1
5 6 31
10 6 62
HRB400-16 500 Heh 15 6 93
20 6 124
25 6 156
30 6 187
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Fig. 1 Size and reinforcement arrangement of concrete slabs
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Fig. 2 Schematic diagram of electrochemical accelerated

corrosion device
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Fig. 3 Corroded steel bars obtained by accelerated

corrosion test
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Fig. 4 3D laser scanning of corroded steel bar
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Fig. 5 Representative cross sections of corroded steel bar
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Fig.7 Relationship between maximum cross-sectional loss

ratio and average cross-sectional loss ratio
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Table 2 Predicted values of corrosion characteristic parameters

YN IR - BHAH R R

Nave HPB HPB HRB HRB HRB HPB HPB HRB HRB HRB

300-10 300-12 335-16 400-14 400-16 300-10 300-12 335-16 400-14 400-16
0.1 0. 135 0.179 0. 142 0. 143 0. 148 1. 041 1. 061 1. 048 1. 051 1. 057
0.2 0. 259 0. 295 0. 282 0. 248 0.291 1. 081 1. 110 1.114 1. 065 1.129
0.3 0. 387 0.421 0. 430 0. 349 0.436 1. 139 1. 194 1.232 1. 075 1. 244
0.4 0.517 0. 553 0. 582 0. 448 0.582 1. 229 1. 344 1. 455 1. 084 1. 444
0.5 0. 649 0. 690 0. 738 0. 544 0.728 1. 384 1. 651 1. 984 1.092 1. 871
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Table 3 Expressions of parameters a, b and ¢

HPB300 HRB400

a=1.194d+0. 059 a=—0.01d+0. 159

b=1.226d—0. 257 b=0.237d—2. 327

c=1.214d—0. 136 ¢=0. 045d-+0. 295
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Fig. 8 Relationship between non-uniform coefficient R and average cross-sectional loss ratio
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Table 4 Normality test of standardized residual
e K-S ¥ 56 Anderson-Darling £ 56 C-S K56
A H
gt IEAE e it i 1B EjAc] gtk Il FHE Ej kAL
;;mafoPBSOOfIO 0. 105 0. 327 No 0. 253 2.502 No 0. 032 3. 842 No
bma{HPBSOOfIZ 0.153 0. 327 No 0. 371 2.502 No 0. 931 3. 842 No
;]WX*HRBSSSJG 0.125 0. 361 No 0. 251 2.502 No 0. 060 3. 842 No
bmfoRBLlOOfM 0.122 0. 294 No 0. 308 2.502 No 1. 726 5.992 No
;]1113X_HRB400_16 0.114 0. 246 No 0.416 2.502 No 1. 241 5.992 No
R-HPB300-10 0.101  0.327 No 0.268  2.502 No 0.018  3.842 No
R-HPB300-12 0.121 0.327 No 0.201 2. 502 No 0.119 3. 842 No
R-HRB33516 0.118  0.361 No 0.235 2. 502 No 0. 140 3.842 No
R-HRBA00-14 0.136 0. 294 No 0.277 2,502 No 1.670 5. 992 No
R-HRBA00-16 0.120 0. 246 No 0. 340 2. 502 No 1.518 7.815 No
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Table 5 Homoscedasticity test of standardized residuals

White ¥ %
A

it P izt

Jmax-HPB300-10 4,162 0. 526 No
T HPB300-12 4.768 0.312 No
T HRB335-16 1.557 0. 816 No
Tmax-HRB400-14 7.989 0. 157 No
Timax- HRBA0O-16 2.990 0.702 No
R-HPB300-10 3.415 0. 636 No
R-HPB300-12 3.619 0. 306 No
R-HRB335-16 2.573 0. 632 No
R-HRB400-14 7.927 0. 160 No
R-HRBA00-16 9. 245 0. 100 No
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DA 5 S B K B, AR A 43 o 10 KSR

30 mmAY AR TG, fiT I RS A (CDF D)
¥+ GEV 4> 4. Gumbel 43 fi. Normal 43 fi #l
Weibull 23 S ME S0 A5 L& BRI 5] REL R 194K
P W 10, NE AT LUE L AR S0 T AR
B8 A R PIRERAF H AT A GEV 4347, TRt , 36 4%
H GEV 2 fi AN 5) 280 R d s, HAS 211
GEV S TEAR S50 kb I A4 8438 T 0, BT 2L,
GEV S k40 A A5 B0 R W HER 43 A A5 7 2
BAERY . TR AR R 1 R A S (R I TR AR
TR AR A 11 T e/ MR FE T RS ST
TR ZBR BN 1.
GEV 531 %L F ()R
e LT =] g o£ 0

F(x) = D

e’ k=0
Kbk WIERSEG e WALE S8 G0 IRESEL
2 k=0 i, X HAE | ) (Gumbel) 4375 . 24 £=>0
aF, S AR 11 Y (Frechet) 2345, 24 £<<0 Bt X
W AE I 2 (WeibulD) 4347 .

% 6 FIH T EasyFit 80EXIAY SRR
HEATRESRE 20 A0 L5 45 B0 00 40 1 2488, 53 4b, wHiE
Kolmogorov-Smirnov ( K-S) #; & #1 Anderson-
Darling #6515 31 (1) 0 G D6 B2 46 55 45 3 #3647 %0 [
GERRI L TR R FMAKE 0. 05095 6 BAFED 11K
OUT TR GEV S R w ARG 56 I S Hr
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Table 6 Parameter estimation and goodness-of-fit test of GEV distribution

ZH K-S ¥ 58 Anderson-Darling 5

o k ; « o HIMR WA % GubE WAM %
Nave = 0. 074 —0.026 0.015 1. 000 0. 162 0. 409 No 0. 374 2.502 No
Nave = 0. 125 —0. 041 0.018 1. 005 0. 168 0. 409 No 0. 327 2.502 No
Nave = 0. 229 —0.074 0. 025 1. 016 0. 201 0. 409 No 0. 306 2.502 No
Nave = 0. 090 —0.398 0.021 1.014 0. 142 0. 409 No 0. 207 2.502 No
Nave = 0. 186 —0.124 0.029 1. 033 0.138 0. 409 No 0.192 2.502 No
Nave =0. 212 —0.397 0.063 1. 022 0.170 0. 409 No 0. 202 2.502 No
Nave = 0. 046 0.213 0. 008 1. 002 0. 150 0. 409 No 0.219 2.502 No
Nave = 0. 127 —0. 165 0. 022 1.012 0.171 0. 409 No 0. 312 2.502 No
Nave = 0. 175 0. 105 0.023 1. 004 0.130 0. 409 No 0. 210 2.502 No
Nave = 0. 085 0.128 0. 009 1. 013 0.176 0. 409 No 0.175 2.502 No
Nave = 0. 169 0. 091 0. 020 1. 028 0.161 0. 409 No 0. 357 2.502 No
Nave = 0. 322 0. 259 0. 043 1. 024 0. 202 0. 409 No 0. 294 2.502 No
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Fig. 10 CDF ' diagrams of non-uniform coefficient R
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Fig. 11 Relationship between GEV distribution parameters of non-uniform coefficient R and average cross-sectional loss ratio
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