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Modeling and evaluation of deterioration of corroded RC columns
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Abstract; To understand the influence of non-uniform corrosion on the performance of RC frame columns, the
corrosion crack propagation and the distribution of corrosion products were studied. The evaluation model of the
corrosion rate of longitudinal reinforcement based on the corrosion crack width was established. By introducing the
corrosion influence coefficient, an equivalent strength model of corroded longitudinal reinforcement was proposed,
considering non-uniform corrosion. Based on the existing test results, the relation between the corrosion rates of
longitudinal reinforcement and stirrup was analyzed, and the correlation model of the corrosion rates of stirrup and
longitudinal reinforcement was constructed. A concrete model confined by corroded stirrups was proposed based on
the Mander model. Calculation results show that the corrosion of steel bars significantly decreased the strength of
the concrete and the steel bars, and the non-uniform corrosion of the steel bars affected the mechanical properties of
the steel bars. On the basis of OPENSEES and the proposed material model, a numerical model of corroded RC
frame columns was established. Given the previous test data, the models proposed in this study were verified.
Results show that the models achieved high accuracy, the evaluation model of corrosion rate could reflect the
influence of involving factors, and the research results can be used to evaluate the performance of existing concrete
structures.

Keywords: corrosion; evaluation; concrete; deterioration; OPENSEES

5173 75 o HC S B R B - K SR M AN A TR
B+ (RC) S5 M AP BN 22— v iR ok

BT B0 — AU, (ELR S RE PR BRI 56 2
JELE L % SO 9 £ 3 B R 2 RO D 457

TR A B SR bR R 5
245150 Otieno "G4/ A5 o 95 5 o ik 2 5 M 2 4
REHETT T FIE MR A U RO B 45 T 6 BRI 66

W EHA: 2020 -08 - 13
BE£WmA: EEESW AT (2019YFC1509302) ;

BTG4 [ A= LRI 5 1 (2016 KIXX -93)
EE®E . 2 F(1982—) 5 R AR AR S
BIEEE . T 5, wangzhuohan1994@ 163. com

Ou 257 BIF 58 T Y\F 65 1l I B 252000 7 L I 725 14 7
A AEE AR JE AT BN T R 50 8, Vu 51 B
GE T S0 5 o X 240 B R L MR 1 S, O 4 BT 24
SRR A 0 i 249 TR R RS 0 2% £ 75 AL 5 7 45 4
R T FE A4 0 4 5 T 45 b RC A& 1 T - 89
— BRI Vu 21 d Sy T 5 RC K 3D
TR ER R A AR T = W) R 3 5 405 (S



- 42 - iR BT

AN

553 &

R OC T AR B8 25 AL BB 2 58 ] 74
EXT SR N ORI SEAT 8 A0 o 0 B A6 5 T T,
TFUNWL = 4T BROT BI04 22, (H 2 40 WA BRI )7
TR A AR Y Be RO B B A 2%, B
ZE LA S o R 2RI N B 56 T
RC HEVERES LI BB S R B = . BEE PEREAL
HURZ TR AN 2 B, T 45 H 4R 1k 23 H A R0 41 1
T TR, R BE 0 2 WK R AR ok — B
BRI PS> —, BB R RN ",

F—I5 T, AR ATTE | R 2 M ok 45 e
MRS 7, 5 S IAEE A  TEEA — o 2200,
AR UG RC HE AP NG BE AR N 1 20 85 k. T
SRIREE T RC HE Y45 Pl 52 28 R B 59 1, S (]34
37 00 55 9 5 ot sk RC R 0y 32 ) 0 AR [, 7 2 IX )
o B, EEUE EB A B 0] 5% 18 B 5L AR
PR R

ASCH) F AR TE O A BFSE R L6 b, pE— 2542
M AE R S 5 s 10 DA T A 30 e A A 1
R, LT B A KU 4% G A Y ) I i , A
FE AT BB 58 AR R 22

1 FRREFTEEAR

BT 5 TR R B PP b 2 A B B kR
PMTRE KRG L A TR B iR T LA
VTSR M AR A A ) B T R L B8 I TR
PErb o BB IR A4 I i 500 B2 2%, AR SR SE Hh )
o 5 R A I S R 22 A I A8 4 AR K 45 1o
B A PE R 2 B SR 5 EAT I E . AT R
FEULIN By e A b R 5 I SR B TN B T E
WAESEPRITPAG AR EEPAG TR bR . T S ik s
Vi 5 B TR AT Y A B TR R 1]
SEPR TR A

XFFREA RC A, H A A9 3l 0 45 i AR 12 2 A
Y500, Yuan S T R 0T S0 A X 449 7 5 ok
FEMII AT REAT T LI, 45 2R 2 A5 7= 0y 1 A A
A 15 ) A1 2 B A ) AN 38 S P T A el A T —
A ) 5 kR B8 A A R R AR e L 18—

B A UG, 85 T 7 A R R I K O 5 T A
FEITRBE 1, SRR - A 1 7 o B A 5 J3E e (o 2
FEAE N RO AE . A Il ) AR S, D) A AR AR
HUEZWY R RIS W AE SR b A —
A0 %) 9 353 TR 45 b ™ W e 22 TR e B AR R O
FR 2 GUME R 2 10 AY 5 i SR 4%, TR R 1 B Ik 2R
SEMARILE 1(a) R ROGEAS . TR
TERLEERL AL TR 38D 1 RGE LISNE IR ), 745
BRI 3017 A Y e R 2 O — 2k 2 244 [R5

B AR oty SR T — OB ok = 4 7 A R 5 N g 7 1w 5
AT AR ol S — A %) 107 3 7 o) A S, ok o B 4% B 5
U N (E Rl S (IR WA oY €52 SN S (187
O AR SCARE ] — B A b A ol A T — 00 14 85
e 7RSI

B by W A R v A 97 B A T A S T AR
S5y N (T2 o = 5 R 710 S VA e B 2 o S L DA S e o
e SIALN IR Niiik 7 s S G AR AR N 1 (I
S TEARKY Ko A, R EE 1 AR I 5 R 1P
ARV & PO, PR M7 5 i T 2240 BIROIR A5 TR o5 -
ARSI T L) 220, TP OA Ay S A ol SR T —
M b =PIk IR A, S5 TSR & A,
ST ARl L T — 0 ) A A A AR AR DL T (b)) .
TE/NVEIEAEOUT , 248 AR Bl LR IE 5

A, =4, =w(c+2r) (1)

A, O HE T R ik BT — 0 ok A R K T
LA LN REE TR, w Ik BL4E S8 %, ¢ TR BE T+
TRAPRIRSE  r i A

Zhao %5 X PR R TSI, K
TR 7 49 V5 1 630 ) DA i i 231, 3k =y

Pe = “ e_(%‘gz (2)
a, V2w
A
a, = R (3)
a
“=—"" Jfim (4)
Pax +ppit

X, RS WHREE, p,,., 85 ™ 1) 2 1f 2]
B DR T ) B R T, p i, A 5 A ) i KA At
K, 0 = m AR ) e R SR AL A, Ry
PRI AR

DL S BT X BA a2 sl i 1 0, TR R - 25 A A
AT A X 2 . AR Zhao S BT,
X A P 100 6 ok 7™ ) ) B B 53 AT TR Sy B o 2
T IS F8 7 T o PRI XS S 1 0 577 5 e A Y, L
PR P 3 A A R AT S MBI A] Il g AT A 44
UK 2 K00 2. 45110 R I = iy i I B T AR R

A = 2,459 7R (5)
X n, AT S AR (% ) .

B (o) AN a5 il s i LD AR B, i T
LR S B A3 AR TR P A R AR D AT e T
A HIR A AU AA L, BT 85 il 72 2 AR
B IK , e B A WK A R AA,, o Ik
JEBE A WS S AA, + Ao A
NIRRT A BITR IS, BT/ NS IR E I 200 15
B i e 52 e, A

AA + AA,, = 2.450A (6)

ma:



54  F, 5 I RCAERAEVERE 5 (LA BL L ST - 43 -

;H\:EF‘ AAPi‘ = A .ppil ’AAmax = A P max » JJ:[:J:J—:EEJ‘E}&

APy + Puw) = 2.45A - p, (7)

A BN G W R KR EE piy + Poe TIRREAR
PR p KRN

Pyt * Puax = 2-45p; (8)

AR Yuan 5 (BRI LEE 0 A0 5 i ™
AR p o R N

(9)

ﬁﬁﬂléﬁi’iﬂlﬁ .T;” P \\)

(w BAE
—— R S8
e SRR o U

B 1 SREFNSHAFRT MR ERE

Fig.1 Corrosion induced cracking process and its model
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Fig.2  Comparison of crack widths
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Fig.3 Schematic of cracks and steel corrosion
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Fig.4 Fracture position of corroded longitudinal reinforcement
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Tab.1 Fitting of stirrup corrosion rate
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Tab.2 Specimen parameters of constrained concrete property test

Sl - HR5ET N Hi 1y FEES T ROREE M
Jeo/ MPa Eeo n D/mm  f/MPa  d/mm  s/mm  f;/MPa R/ % /%
ALO 1 25.4 0.0016 4 10 568 6 65 360 0.0 0.0
ALl 2 25. 4 0. 0016 4 10 568 6 65 360 4.9 23.8
AL2 3 25. 4 0.0016 4 10 568 6 65 360 9.8 36.9
vuzE3l AL3 4 25. 4 0. 0016 4 10 568 6 40 360 17.5 53.7
AMO 5 25.4 0.0016 4 10 568 6 40 360 0.0 0.0
AM1 6 25.4 0.0016 4 10 568 6 40 360 7.3 18.9
AM2 7 25.4 0.0016 4 10 568 6 40 360 12.5 36. 6
xEa cAl 8 22.5 0.0010 4 12 560 6 60 360 14.0 73.6
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