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Influence of steel corrosion to the large eccentric compression behavior of

coral aggregate reinforced concrete column
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Abstract: The large eccentric compression behavior of coral aggregate reinforced concrete column (CA/CC) with

different types of reinforcement and concrete strength grade was tested. The failure mode, deformation and bearing

capacity were investigated. The relationships of load-displacement and load-strain were established. The applicable

calculation model for ultimate bearing capacity (N,) of CA/CC under large eccentric compression was suggested.

The results show that the compression behavior of CA/CC is similar to the ordinary aggregate reinforced concrete

column (OA/CC). With the increase of concrete strength grade, the load corresponding to the sudden change of the

strain of CA/CC longitudinal tensile steel gradually increases. In the loading process., a greater slip was produced in

the layer between the organic new coated steel and coral aggregate concrete(CA/C). N, of common steel is approxi-

mately 7. 1% ~20. 8% higher than that of organic new coated steel. The application of organic new coated steel in

the CA/C structure is suggested to effectively inhibit steel corrosion and extends the effective service life of the CA/

C structure. Based on the comprehensive consideration on the effects of steel corrosion and slip of the coated steel, a

calculation model for N, of CA/CC under large eccentric compression is proposed.

Keywords : coral aggregate reinforced concrete column; large eccentric compression; concrete strength grade; rein-

forcement type; steel corrosion; ultimate bearing capacity
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Table 1 Physical properties of coral aggregate

Physical properties Coral Coral sand
Apparent density/(kgem™*) 2 300 2 500
Bulk density/(kgem *) 1 000 1115
Cylindrical compressive strength/MPa 5.2 —
Chloride content/ % 0.074  0.112
Mud content/ % 0.5
Fineness modulus — 3.5

Notes: The coral is 5—20 mm continuous gradation; The coral sand
is medium sand of I district distribution.
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Table 2 Chemical composition of different cementitious materials

Material Si0; /wt% Al Os/wt% CaO/wt% MgO/wt% SO;/wt% Fes O3/ wt% I. L/wt% K,O/wt%
Cement 21.53 4. 60 64.09 0.96 2.09 3. 37 1. 84 0.62

Fly ash 54. 88 26. 89 4.77 1. 31 1. 16 6.49 3.10 —

Slag 33.48 12. 21 36. 35 10. 59 0. 66 1. 40 0. 36 0. 56

R3 TEMERNGFHLZERS

Table 3 Chemical composition of different reinforcements

Steel C/wt% Si/wt% Mn/wt % P/wt% S/wt% Cr/wt% Ni/wt% Mo/ wt % N/wt%
Common steel 0. 20 0. 56 1.42 0.02 0. 04 — — — —
316 stainless steel 0.03 0. 60 0. 80 0.01 0.07 17. 14 12. 58 2.28 —

x4 WMB/EEL(CA/C)WESILSH AW ELE
Table 4 Mixture proportion and properties of coral aggregate concrete(CA/C)

Materials consumption per unit volume/(kgem™*) Apparent
N - Coral Totl W Net Total  Slump/ density/
No. ) ensi

CM Cement Slag Y ora Coral ota ater Inhibitor  W/B W/B mm ' 5

ash sand water reducer (kgem %)

C25 500 275 150 75 873 582 250 0.0 15.0 0. 30 0. 50 130 2170
C50 550 429 83 38 1020 680 200 3.3 16.5 0. 25 0. 36 70 2 188
C60 1 000 780 150 70 700 300 264 6.0 30.0 0. 20 0. 26 255 2 267

Notes: CM—Cementitious material; Total W/B= Total water/Cementitious material; Net W/B= Net water/Cementitious material; Total wa-

ter=Preabsorption water+ Net water.

x5 2WMHEKRG/BELH(CA/CCOMELRSH

Table 5 Basic parameters of coral aggregate reinforced concrete column(CA/CC)

No. E:;:;;t}: Steel type  ¢;/mm fw/MPa  fo/MPa  fu/MPa  f,/MPa  w/% Ne/kN  N,/kN
CLz1 (25 B 160 47.0 40.3 42.3 530 1.82 80 400
CL2-2 (25 B 160 16.5 39.9 41,9 530 1.82 60 430
CL31 50 B 160 88.3 70.3 73.8 530 1.21 90 570
CL32 50 B 160 88. 2 70. 2 73.7 530 121 90 580
CL4-2  C60 C 160 104.1 81.8 85.9 922 0.10 130 570
CL5-1  C60 A 160 104. 9 82.4 86. 5 530 2.12 90 700
CL52 60 A 160 104. 6 82.1 86. 2 530 2.12 110 720
CL61  C60 B 160 104. 6 82.1 86. 2 530 0.53 120 650
CL6-2  C60 B 160 103. 2 81.1 85. 2 530 0.53 100 570

Notes: A—Common steel; B—Organic new coated steel; C—316 stainless steel; e;—Initial eccentricity; f.,—Cube compressive strength of
concrete; f.—Axial compressive strength of concrete; fen—Flexural tensile strength of concrete; f,—Yield strength of reinforcement; w—

Mass corrosion rate of steel; N.—Cracking load; N,—Ultimate bearing capacity.
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Fig. 2 Loading device diagram of CA/CC
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Fig. 5 Load-axial compressive strain curves of CA/CC
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N, < fubx + f,A'— f,A,
Nye < fanbx (hy —x/2) + [/ A" (hy —d )
e = ne; +h/2—a,
2
¢ = 0.5f.A/N
¢ = 1.3—0.0154,/h

— 1+
7 2)

e, = e, +e,
e, = 0.120.3hy —ey)
Krp: fo MIREE S M HUESRE (MPa) , B fo. =
1,05 feus n A 75 T Y RIONE 5% el (%) 4l 1) g g oo B 384
REEG Lo TR E (mm) ;s &L & BIUS
S8, MY L/h<<20 W, & =15 e, B i 00 BE
(mm) ., X ¢,==0. 3h, Bf, e, =0; HASHHF
SCRACD
WU TR 5 = 25 A8 B TRV ) (EN—1992) 17,
N, << B fb(&d)
N,e < B fb(&,d)(h/2—&,d/2) + f/ A (d—d,)
e=¢e +h/2—d,
1.0 fa << 50 MPa
1.0— (fu —50)/400  f4 =50 MPa
(3
Korp By S AEROREE 0 1 = R & AT

By =

32 X B (mm) 5 d R A RS BE (mm) 5 d, R
Z R XY R R (mm) 5 HALS 500 & IR =0 (D
= (2.

FE IR BE 1 245 0 3 it Y ) CACT 318—
19991167,

N, < yfbx + f A — f,A,
JN‘,e < yfbxr(h/2—x/2) + A (/2 —d )+
1 A G —h/2)
\e =e +h/2—a,
4
.y A g B AR R ) 22 5 R R L
0. 85; HAZHW & IR A (DA (3,

s GB 50010—2010M% | JGJ 12—2006 |
EN—1992"/F1 ACI 318—1999"% % 14 #2 CA/
CC K03 K No» N,/N,F B H 50 5 R
1.076., 1.105, 0.747 1 0.669. 5 i 22 43 5l K
0.110, 0.093, 0.101 il 0.090, 785 R4 9 K
0.102, 0.084, 0. 135 F10. 135, $#LE4EHE LK 6 Al
o, 9 A, MRAE GB 50010—20107 | JGJ
12—2006"") | EN—1992" 1 ACI 318—1999""%/{}
B NS5 NS A ARG, GB 5001020101 F
JGJ 122006 $15EM N, ¥IRF N, Bz HL e
5T KA G2 K CA/CC Wi T A% 4,

6 CA/CCHIN, MUEHEREXINER
Table 6 Calculated and measured results of N, of CA/CC

No. N.t/  GB50010—2010"%)  JGJ 12—2006M1*) EN—1992015] ACIT 318—1999116 Eq. (8)
kN N,/kN  N,°/N,* N,°/kN  N,/N,* N,/kN  N,/N," N,/kN N,°/N,* N,/kN N,/N,!

CL2-1 400 507 1. 266 508 1. 270 352 0. 880 333 0. 832 448 1.120
CL2-2 430 526 1.223 528 1.228 360 0. 837 340 0. 790 466 1. 084
CL3-1 570 645 1.132 651 1. 142 413 0.724 396 0. 695 580 1.017
CL3-2 580 652 1.124 658 1.135 416 0. 717 399 0. 688 586 1.011
CL4-2 * 570 883 1.549 879 1.543 647 1.135 633 1.111 878 1. 540
CL5-1 700 744 1. 062 753 1. 075 450 0. 643 438 0. 626 741 1. 059
CL5-2 720 757 1.052 767 1. 065 455 0. 633 443 0.616 755 1. 049
CL6-1 650 709 1.090 716 1.102 436 0. 670 424 0. 653 642 0. 988
CL6-2 570 651 1. 142 657 1. 152 412 0.723 401 0. 704 588 1. 032
CS-5L10] 488 440 0. 902 468 0. 960 305 0. 625 244 0.501 468 0. 960
CS-6L10] 367 330 0. 899 350 0. 953 257 0. 700 205 0. 560 350 0. 953
CL1-4010] 295 283 0. 959 300 1.016 238 0. 807 190 0. 642 300 1.016
CL2-3010] 400 427 1. 068 453 1. 134 320 0. 800 255 0. 639 453 1. 134
CL2-4[10] 251 267 1. 067 283 1.128 238 0. 949 189 0. 754 283 1.128

GB 500102010137, Average values of N,¢/N,"is 1. 076, standard deviations is 0. 110, variation coefficients is 0. 102;
JGJ 122006147, Average values of N,¢/N,"is 1. 105, standard deviations is 0. 093, variation coefficients is 0. 084 ;

EN-—1992L5); Average values of N,¢/N,'is 0. 747, standard deviations is 0. 101, variation coefficients is 0. 135;

ACI 318—1999M67), Average values of N,¢/N,"is 0. 669, standard deviations is 0. 090, variation coefficients is 0. 135}
Eq. (8): Average values of N,/N,"is 1. 042, standard deviations is 0. 061, variation coefficients is 0. 058.

Notes: N,°—Calculated result of ultimate bearing capacity; N,'—Measured result of ultimate bearing capacity; In the process of the test, N,

of CL4-2 was not considered because the concrete in compression zone was crushed prematurely, which made its N, low.
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Fig. 11  Electrochemical test results of different steel in CA/C

(The concrete strength is C60; the steel diameter is 1 cm, the concrete cover thickness is 2. 5 cm; Exposure time of Fig. 11(b) is 180 d)
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Table 7 N, based on Zhang''*? and Eq. (8) of CA/CC
Zhang1%] Eq. (8)
NO. ei/mm ./ Mpa "om/ Mpa w/MPa N.'"/kN
Je/Mp / P ! N.¢/kN N,t/N,e N.¢/kN Nut/Ny©
CS-5L10d 80 33.1 34. 8 346. 6 488 464 0.951 468 0. 960
CS-6L10] 100 33.1 34.8 346. 6 367 353 0. 962 350 0.953
CL1-4[10] 75 33.0 34.6 346. 6 295 229 0.775 300 1.016
CL2-3L10] 50 33.5 35.2 346. 6 400 412 1.031 453 1.134
CL2-4L10] 75 33.0 34.7 346.6 251 272 1. 085 283 1.128
Zhang''%: Average values of N,¢/N,"is 0. 961, standard deviations is 0. 117, variation coefficients is 0. 122;

Eq. (8): Average values of N,¢/N,'is 1. 038, standard deviations is 0. 088, variation coefficients is 0. 085.

LAZHE N, H CA/CC M EEA(E BT 45 58 0 3%
7RI 13, AP0, SCERCI0]A MK (OB N 5
N, #BAF AT 6. Horf, SCERC10] A NN
A 0.961, ARUEZEN 0.117, BHF REH
0.122, M= (M N,'/N,* FH{EH 1. 038, brife
#40.088, ZAF AZH N 0.085, 1 N,'/N,* 1JF
PIAE X L AT, AR SCHR 9 CA/CC K 3 FE N,
TR AT S 5 SCRC 10 AT BB AU AR X, 1
A BN,/ NG R bRE2E TR 52 RO e, AR
SCEEH Y CA/CC KAWL 32 N, TH 3R R 1 55 1
PRI /N FSCERC10 A AR Y ok, 3 2 BF 5
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