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Carbonation Model and Structural Durability
Design for Recycled Concrete

XIAO Jian-zhuang. LEI Bin
(Department of Architectural Engineering, Tongji University, Shanghai 200092, China)

Abstract: Based on the investigation of available achievements on carbonation of recycled concrete
and concrete carbonation test data at home and abroad, the calculation model of recycled concrete
carbonation depth was established and the limit state method and the partial safety factor method
for recycled concrete structures were put forward. The reliability analysis of service life for
recycled concrete beams was undertaken. Results show that the increase of compressive strength
grades of recycled concrete and thickness of recycled concrete cover can improve the durability life
of recycled concrete structures remarkably; while stress state of recycled concrete and the
placement of reinforcing bars will have significant effects on the durability life of recycled concrete
structures. Comprehensively considering the effect extent of carbonation-initiated corrosion of
reinforcement on the functionality of recycled concrete structures and the different stress states of
recycled concrete elements, the minimal thickness of recycled concrete cover of reinforcement in
recycled concrete elements was proposed in Shanghai area.
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Strength Grades of Recycled Concrete

B3 45 Hh T AW B9 P AR TR BE IR R R JEE X 52
PR T 98 2 SR 9 C25 By AR TR BE 4 74 T A
PERTSE R0 . ORI R IR E N 20 mm K i F)
30 mm i AVE T FE R AR B T REE 0.5 frfs 2
FRIRFIE] DA 24 AEHEAN R 54 4 X UL AR 40 2 5 8 U2
ST R AP T A T B ) B B DN R R AR R R
JEE AT L 25 M i v A O B T R A

B4 g5 T S [ 52 0 0R 285 0] 5 BE 45 9% O €25,
TRAP R IR 25 mm (9 P A= 8 B 44 7 T A1 ]
FEERR . A4 AT RLE L Z RS T AR R
B b K P T AP AT B W S T A R AT B T
JE o SRR TR A TR BE 4 1R I 1 T 58 48 A
B TRER] 0.5 Frifs ZAYHT[E] S 38 4F T &2 AR A F
A TR R R PR I 1 ) 55 B R b 8. AE 50 AR AT
H 2.0,

5 45 T A [R) A 7 0 A2 PR A o 8 A



70 BEHAMFL TRFIR

2008 5

7

it VLR SEBE SRS

T AL I T /4R

B3 AEABERRLIFRIFEEERN B HLZL
Fig.3 . Curves with Different Thickness of

Recycled Concrete Covers

B AL IR []/4F

B4 FAEZHRKETHP Mz
Fig. 4 . Curves with Different Stressed States

4 =
e
l.)é
=
=
i
=
10 20 30 20 50
B Ak B[R] /4F

Es FRNGLENP HE

Fig.5 . Curves with Different Locations of Reinforcement
R C25 AP 2 I8 BE S 25 mm i) 7 A= R BE £ 4 1
i AVEFTHEBE R SE WA . H P05 AT LA H . A o 0 A
R TR A R 5 2 T /0N 0 B Al ) i) RE L AR
BT TS AP T RE BE B b B T FERI0. 5T 7 B A I
8124 19 4%, T 30 30 409 5317 00 0 KPR T 8 BE AR AR B T
R3] 0.5 BT s ZAYIFA] S 38 4F .

4 RSN

Hy L3R AT 32 T3 R AS AR 07 B X P A TR A
R AT A P 5E B8 b AT B R . TR EAT T AT
BT I 25 2225 J& B L AN TR 32 7R 25 4 1 A
Frits AR R B R R R E R AR A, Y. 7R
Tl R A9 30 1P A R B R /N OR AP R RN L BR T
5 LB AR YR B A P A T A 5 ok X 24 {6k 2

AE 52 WA R JEE & 38 o7 % HE HL AN [ B 32 0 RS (B2 4iE
SHONT BT RS R 14 B T
5 b s n] B2 BE AR AR SR TR AP A BIRAR 2505 0y
T A B it A B b BTl AR R O 50 4R
FO P 2R TR R b PR 3P R R /N R L E R R LR 2
K o T A KL I oRAF v, 22037, TS 2] — fiE
L SRR P 7 A AR R v 0 1. 40,
2,14, R 2B T 4% BCOIR BE T 451 T A M7 E
P v ) R o A ) v 203 % ik A A Y T 5 4 31 19 3 1
RGP JZ R/ NEE .
*2 LEMRBEEIRPERNEEITEE
Tab.2 Calculated Results for Minimal Recycled Concrete

Cover of Reinforcement in Shanghai Area mm
TAREE | EAREL | SR
FopEm | s | o
WEER | Y EREE | R RREE
C20 20 22
C25 17 16
— i
C30 15 12
jEiN
C35 14 9
C40 13 7
Z R A A
C20 25 28
) C25 21 20
i
C30 19 15
A
C35 17 12
C40 16 9
C20 34 24
C25 29 17
— 1t
N C30 26 13
A
C35 24 10
ZHLCE) C40 22 3
4 C20 42 31
C25 36 22
A
C30 32 17
A
C35 29 13
C40 27 10

MFE 2 Rl UL A R R R R RN R
TR 2 P A TR BE LR R AR A B R
P SERR i TR f 25 . R 5 R T 0w 22 L O IR E 1
MR AR BE R A PR 972 IR JE O s b T i AL 45 h
(1 — M PR B T, B 7 o (9 it T 7 e 2 HEAT 0 0L S
SRR o —7 mm gLt AR S ARIE . Rk
PR IS AR 90 0 SRAEAE A £ 13K F) 2 —7 mm, 5
PR A 2 JRE B2 8 28 Sy o CHR A0 36 WA MR Y R 3 %)
A A] DL HE QR AP R R R I 220 7/1. 28 = 5.5
(90 6 PRAIE 24 XF o7 19 A 5 BE 5 4R 0 1. 28) o fBUE
Az TR B e AR T2 I DA IE 2 43 A1 s SR TR AR A BROER



% 3

HEAE, 5. FARE LB 5 & et XM %&T 71

AR A R BE LR R BN R R A . R
JE 90 V0 PR UE R L A5 3 F i b IX B AR B 50
AR A FR AR TR R AR R /N R (R LR 3.
*3 LtBEMRERTRPERNEEEUE
Tab.3 Suggested Values for Minimal Thick Recycled Concrete

Cover of Reinforcement in Shanghai Area mm
N . ARG | HARRE L | SEIRE L
WP | Sk )
RESY | RYPREE | RYEEE
C20 28 30
C25 25 24
— it
C30 24 20
HIR
C35 23 18
- C10 22 16
Z R A
C20 34 37
C25 31 30
C30 29 25
H 5T
C35 28 22
C40 27 20
C20 41 32
C25 37 25
— &
- C30 34 21
A
C35 32 19
FEAE D) C40 30 17
GoRGS C20 50 40
C25 45 32
B
C30 41 27
=R
C35 39 23
C40 37 21

Hi e 3 AT X T 52 A 5 70 50 S8 25 9088
fERIE Cln C20) . 34 36 i Bk IR 372 B /N R R T
AR BE b PR 4P R B /DN IR B AR R AR R T C20
o 23 TR R AR 37 )2 dRe /N IR R /N T A TR B R
PR /IR RE L BE A 55 R A5 SR 3 R T 22 (AR
AR TR R BE AR R BN R
ANT PR R BE L R AP /NS L HLRE A 50 R AR 4
(ORI NNTE P -S ERTER DN

5 & &

(U3 3 73 B A BRI 45 5 g 45 58 -l T
A TR BE R AL R TR,

(2) 32 1 IF 58 T 56 7 B FROR 285 325 0 23 30T 28 %L
VA B AR R B b A AR TR A B8 0 A S X L

(3) B R PR A TR 5 o B2 S5 ) PR PR R R ]
3 B P A TR BE AR A T A 7R

(4) 32 JPIRAS AT L B0 A TR BB 4 1 T R

P RTS8 6 b AT 2R W L R R AT P A R B A
T A PE LTI % 0 00 2005 L 8 A

OV EREICT Lt i XA [A] 52 3 4R 28T P2 R
T AR AR B DR B R R /N R B (R

S % k-

References:

(17 DHIR R K, LIMBACHIYA M C. Suitability of Re-
cycled Aggregate for Use in BS 5328 Designated Mi-
xes[ C]//ICE. Proceedings of the Institution of Civil
Engineers. New York:ICE,1999.257-274.

[2] LIMBACHIYA M C,LEELAWAT T,DHIR R K.
Use of Recycled Concrete Aggregate in High-
strength Concrete [ J ]. Materials and Structures,
2000,33:574-580.

[ 3] FUNG W K. Durability of Concrete Using Recycled
Aggregates [ C ]//SCCT. SCCT Annual Concrete
Seminar. Hong Kong:SCCT,2005:101-129.

4] FBRz . 5 e r: 70 0 5 A4 TR BE 1 M 6e ko 3% 8OR 1y

WIEAFE D] B W] P, 2006.
CHEN Yun-gang. Preliminary Study on Performance-
improving Effect of the Interface-zone in Recycled
Concrete with the Interface-zone Modifying Agent
[D]. Shanghai: Tongji University, 2006,

[ 5] XIAO Jian-zhuang, LEI Bin. On the Carbonation Be-
havior of Recycled Aggregate Concrete[ C]//Tongiji
University. Proceedings of the International Sympo-
sium on Innovation &. Sustainability of Structures in
Civil Engineering. Shanghai: Tongji University Press,
2007:897-904.

[ 6] OTSUKI N,MIYAZATO S, YODSUDJAI W. Influ-
ence of Recycled Aggregate on Interfacial Transition
Zone Strength Chloride Penetration and Carbonation
[J]. Journal of Materials in Civil Engineering, 2003,
15(5) :443-451.

(7] HIER.WHIE.RITEEE.F. HAREE LW A

A I 58 I . PR AR TR B 0 v ARt [T ). B2
AR S T#,2006,6(21):3516-3519.
CUI Zheng-long, YANG Li-hui, OHAGA Y, et al.
Durability Test Investigation on the Recycled Aggre-
gate Concrete (Part 2 Neutralization Test on Recy-
cled Aggregate Concrete)[J]. Science Technology and
Engineering,2006,6(21) :3516-3519.

[ 81 KATZ A. Properties of Concrete Made with Recycled
Aggregate {rom Partially Hydrated Old Concrete[ ] ].
Cement and Concrete Research, 2003, 33 (5): 703-
711.

[9] TAMURA H, NISHIO A, OHASHTI J, et al. High



72

EAMFE TRFIR

2008 5

(10]

(11]

[12]

[13]

[14]

Quality Recycled Aggregate Concrete (HiRCA) Pro-
cessed by Decompression and Rapid Release[ C]//
MALHOTRA V M. Fifth CANMET/ACI Inter-
national Conforence on Recent Advances in Concrete
Technology. Singapore: ASI,2001:491-502.

43K % . TR BE L A5 A5 A 0 LML Jb st B
2 Rk L 2003,

NIU Di-tao. Durability and Life Forecast of Re-
inforced Concrete Structure [ M ]. Beijing: Science
Press, 2003.

KB R A T A L B 0 TR O e Ak TR R 52
FAFCERBRT ], Tl # 47.1998,28(1) . 16-19.
ZHANG Yu, JIANG Li-xue. A Practical Mathemat-
ical Model of Concrete Carbonation Depth Based on
the Mechanism[ ] ]. Industrial Construction, 1998, 28
(1):16-19.

GB 500102002, iR &k - 25 i it M [ S].

GB 50010—2002,Code for Design of Concrete Struc-
tures[ S].

ARV EE IRV T A TR0 VR B - e Ak TR BE A BE AL
BERILT]. Tk 857, 1999,29(9) - 41-45.

NIU Di-tao, DONG Zhen-ping, PU Yu-xiu. Random
Model of Predicting the Carbonated Concrete Depth
[T]. Industrial Construction,1999,29(9) .41-45.
CCES 012004, {1 5t + Z5 44 W APk B35 7t T4
[S].

CCES 01-—2004 . Guidelines for the Durability Design

and Construction of Concrete Structures[ S].

[15]

[16]

[17]

(18]

[19]

GB 500682001, # 3 45 14 7T & Ji& & 3+ 5 — by i
[s].

GB 50068—2001, Unified Standard for Reliability De-
sign of Building Structures[ S].

SARJA A, VESIKARI E. Durability Design of Con-
crete Structures[ M]. London: E & FN Spon, 1996
165.

Al R R BE D G5 A T P 148 521 S R
SR SR 5 TR 2R . 2005, 22(1) £ 64-70.

JIN Wei-liang, ZHU Ping-hua. Restorability Class
Partition for Durability of Concrete Structure[]].
Journal of Architecture and Civil Engineering, 2005,
22(1):64-70.

B , BV 25 RO R P I TE AR R B A5
RIS ] @R E 5 T AR 2. 2005, 22(1) .
71-75.

HE Shuan-hai, LU Ying-zhao. Reliability Research of
Existing Reinforced Concrete Structures[]]. Journal
of Architecture and Civil Engineering, 2005,22 (1)
71-75.

LA MR R R AR TRBE B0 T AL Y B AL
1% Z A BB S i 2 17 [T ], SRRl 22 5 AR 2
R .2007,24(3) . 7-12.

LI Jian-bo, LIN Gao, CHEN Jian-yun, et al. Meso-
scopic Numerical Influence Analysis of Random
Mechanical Parameter of Concrete Damage Evolution

[J]. Journal of Architecture and Civil Engineering,
2007,24(3) . 7-12.

B N D N N N N N )

(E#%F 25 T

[4]

TF R ML, 1992,

SIMIU E, SCANLAN R. Effect of Wind on Struc-
ture; Introduction of Wind Engineering[ M ]. Transla-
ted by LIU Shang-pei, XIANG Hai-fan, XIE Ji-ming.
Shang-hai: Tongji University Press,1992.

ZHOU Y,KIJEWSKI T, KAREEEM A. Along-wind
Load Effects on Tall Buildings: Comparative Study of
Major International Codes and Standards[]]. Journal
of Structural Engineering,2002,128(6) :788-796.
SRBRHE 2R . BRS XGE BRE AL Fourier 33 p& %2 [J .
HEFURL 5 TR . 2006,23(2) :57-61.

ZHANG Lin-lin, LI Jie. Cross Stochastic Fourier

[6]

[7]

[8]

[9]

Spectrum Function of Turbulence Wind Velocity[ ] ].
Journal of Architecture and Civil Engineering, 2006,
23(2):57-61.

GB 50009—2001, & FL45 44 fir 4% LG S

GB 50009—2001,Load Code for the Design of Build-
ing Structures[ S].

AS/NZ 1170. 2:2002, Structural Design Actions Part
2:Wind Actions[ S].

AS/NZS 1170. 2:2002, Structural Design Actions Part
2:Wind Actions— Commentary[ S].

ASNI/ASCE 7-02, Minimum Design Loads for Build-
ings and Other Structures[ S].



