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Finite Element Analysis for Corrosion and
Cracking in Reinforced Concrete

CHEN Xiangrong, HUO Jingsi, WANG Weihua, LUO Yi

(College of Civil Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract; Based on the Abaqus nonlinear finite element software, the fine model is construsted to analyze the
cracking of the concrete protective layer caused by the corrosion and expansion of steel bars with aggregates of
different shapes, particle sizes, and gradations. Several modeling techniques such as grid mapping method, ge-
ometric subdivision method, and adding Cohesive elements are introduced. The development pattern of con-
crete cracks and calculation efficiency are compared; the cracks of corroded concrete are discussed according to
two concrete aggregate shapes. The result shows: the mesh mapping method is simple and has high calculation
efficiency, but the analysis results are not good; the geometric mesh method has fast convergence speed and
high calculation efficiency, but the aggregates need to be partitioned during modeling; the crack development
pattern obtained by the geometric division + Cohesive element method is benign and close to the actual situa-
tion, but the calculation efficiency is low, and it is only suitable for local fine analysis with high requirements;
the shape and distribution of the aggregate affect the distribution of cracks. In the actual analysis, the shape of
the aggregate should be as close to the actual aggregate as possible; the error of rust cracking time between the

calculation result by the geometric division + Cohesive element method and theoretical calculation value is less
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than 10% , to a certain extent, this simulation method conforms to the theory of cracking caused by steel ex-
panding and extruding surrounding concrete.
Keywords: reinforced concrete; corrosion expansion and cracking; durability; concrete damage model; Cohe-

sive element
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Tab.1 Mechanical properties ofsteel rebars and concrete material
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Tab. 2 Parameters of concrete plastic damage
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Tab.4 Comparison of grid and efficiency of three modeling methods
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Tab.5 Aggregate shapes and gradation
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Tab. 6 Comparison of simulation value and theoretical value

(2)

(ef

of corrosion expansion and cracking time of concrete protective layer

d/mm ¢/mm c/d feor/pA + cm™? F\./MPa E./GPa ten/h te/h e/ %
16 22 1. 375 100 3.55 22 125. 00 116. 27 7.5
16 40 2.500 100 3.55 22 193. 30 211.40 8.6

MR 6 AT UL IR BE L T RN RIS S R T S 2 R L IR 22 AE 1006 Y5 I Y L LA 1) 43 -+ Co-
hesive #I0A] LAFE— %€ T B 1 T 409 7913 455 T I K B30I 556 = AR 977 J2= T 2R A ek 1]

TS

FT Abaqus AEZ A BRICECE - DU AT 85 i I ik & BUR BE LRI Z TR E’Jilkfi‘ﬁffﬁ’*”ﬂﬂfﬂaiﬁﬁ
TR ST LA ) 23 L JLAT 3 23+ Cohesive 550 = Floks 240 A6 RT3 125 (90T BE - 3 0 PEALAS 7] kLB
WG IF BT 70 AT A B LR 5 d E2A5E .

1) o At ol Sy ok 3 o 80 L A D S 22 I 9 58 )2 1) B R 2 S B R T R I s R kL Ty SR R
TR B A% T RLRE | Jmy R 48 47 Ji W] RE 52 21 1 #2313 1 52 IR

http: // www. hdxb. hqu. edu. cn



41 Wi 2. 2. W R BE 1 85 1 T R A A BROT 0 A7 U5 15 43

2) JUAT 0 23 75 15 0 B R 25 AT & S2 PR+ a2 S DR (8] 80 R A iy o (ELG B2 TS0 0 i R R A 3 s A
RCAAR T W RS e 53 7 3

3) JLAT 1 43 + Cohesive I LTI IS AR 20 16 o A6 D0 2 58 T i 3o A2 AR 25 (EL 330 I 1) A 3301
A8 AT AR » LI HOGE SR RS 240 Ak 23 M SR e 1 T 0L

) FBHEAR BAT B2 0 AR Y R AR 7 e — E R WAL T DLAE AT A0 A7 2 o M I B R TR
RN I3 A1 I AT BE #2232

5) il i JLAT U§}4’L0h€5U“fﬁgjﬁﬁEfggLE@i% » FLAF T 2 B[R] B AU 5 FIE TH IR (B AT b L 1R 22
/NTF 10040, A LAAE— & PR B B TN TR B - AR 42 i1 I 2L i)

S E k-

[1] LIU Youping, WEYERS R E. Modeling the time-to-corrosion cracking in chloride contaminated reinforced concrete
structures| J |. Materials Journal,1998,95(6) :75-84. DOI.10. 1016/S0040-6090(98)01045-1.

(2] B RS A5 A0 0 S A5 1l 5 8 A 1R B Al 45 R R I B AT 52 [T ], IR Bk £, 2004 (11) : 45-48. DOL.: 10.
3969/j. issn. 1002-3550. 2004, 11. 014.

[3] ?ﬁ’:'ﬁfv%ﬁ%EvaﬂJ’% TRBE - v B0 A5 o o 5 ol i 3 PR AT LT ). @ SR AE 2% 4R . 2011, 32(2) 1 41-47.

(4] ZEpesb, RPE, F NI, 55, 9 K i B0 TR B v 4 A5 4 1t i vl Ak 24 A AR LT 0. R B 1, 2020(7) : 20-24. DOI: 10. 3969/j.
issn. 1002-3550. 2020. 07. 005.

(5] REEME, L, B, IR EET N B R85l 99 7 J 2 v RE i 30 A BB AR 0L [T 1. T0 95 B 80 R 24 2 i CB AR B4 JO)
2019,33(6):106-113. DOI:10. 11917/j. issn. 1673-4807. 2019. 06. 016

(6] FhEh . JH A le AR s By, 55, S T It 45 1ok i 30 19 RC BP0 45 M AE 25 b B 58 LT 1. 3 PR A0 38 2 2 4l CH AR BE 2 1RO
2020,39(8) :51-58. DOI:10. 3969/j. issn. 1674-0696. 2020. 08. 08.

071 S, 2 2R 5 ol S0 A5 TR o6 R PR 45 4 1 B AR AL AP AR 1. s 345 4, 2002(10) - 18-20.

(8]  SRARF, EWERI ., JBURE AR, S5 3 65 Dl 5 18 4R 55 1 B0 A TR B - 3 2 PR Re LB A A [T ). AR R 2 4l (A A B2
Fi) »2006,36 (3 1] 2) :139-144.

COT SRARF i e e, JBUAE AR 55 Tl 800795 73 2 P BEAE S BCBR 20 A7 L) ). Al 3 57, 2005, 35 i) 1) :706-709. DOL: 10. 3321/
j issn:1000-8993. 2005. z1. 209.

[10] #, E LR AR R A ZAERE AL MY BUTR BE 1 a Rk 40U B i BE SR L) . 0 T ) 2 2 4k, 2018, 35(5) 1 1072-
1076. DOI1:10. 11776/ cjam. 35. 05. B062.

CI10 RN SR 224, 45 6T 0 8 S 2 BB ) DL D IDRZ et 52 L) 1. TR £, 2019.(4) £ 97-101. DOI: 10. 3969/
j. issn. 1002-3550. 2019. 04. 022.

(121 S, E5h TR 5. 5T A% Az B9 BE AL ™ 2 IR B Rk A 08 gt 488 Oy 32 (U ). 1133 00 % 5 4R, 2017, 34(5)
591-596. DOI:10. 7511/;s1x201705009.

(131  Blidrde P~ 4 B . 5 Dol B9 ol VR 6 1 I 23 6 T P R4 i) 1) TOUI A U () ). g SR 45 4 2 4% . 2010, 31(2) : 85-92.

(147 HAB 7. . 895 45 Ik 51 & TR BE 1 0 b7 2 O 2L 30 i A W BB 58 LT . 353 0 % 22 i, 2015, 32(6) - 772-780.
DOI:10. 7511/js1x201506010.

[15] P E SRR AT B SRR R RS % IREE L4 G . GB 50010 —2010[S]. Jbat: o B @ 51 Tl
AL, 2010,

[16] DU Xiuli,JIN Lius MA Guowei. Meso-element equivalent method for the simulation of macro mechanical properties
of concrete[ J]. International Journal of Damage Mechanics,2013,22(5) :16-21. DOI;10. 1177/1056789512457096.

(170 JA = . VR BE 1B R L R T AR I e 5 R0 TR BE . 1984(2) :50-53.

(181 28w M X1 S . YR O - DR 47 2 2 2 B K P 200 LT 0. TR 5 £ 2014 (9) - 1-4. DOI: 10. 3969/j. issn. 1002-
3550. 2014. 09. 001.

(REEHE: wih—  R"XHEE: HEP

http: / www, hdxb. hqu. edu. cn



