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Abstract ; In order to study the bond behavior between steel bars and recycled concrete beam-type
specimens under the different freeze-thaw cycles,and provide the reference for the design and use
of the recycled concrete structures, this paper established the freeze-thaw damage variable model
based on the actual bond-slip test of steel bars and recycled concrete beams by using the contact
method in the finite element software ABAQUS to perform the numerical simulation analysis with
the expanded range of test parameter. The results showed that the proposed method could simulate
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the bond-slip behavior of steel bars and recycled concrete. The results of the numerical model were

basically consistent with the test results. The overall trend of each simulation curve is basically sim-

ilar to the actual test curve. In the expanded parameter ranges simulation ,the ultimate load decrea-

ses with the increase of the number of freeze-thaw cycles. For every 50 times of freeze-thaw cy-

cles,the ultimate load is decreased about 7% . The damage of recycled concrete is gradually in-

creased with the increase of freeze-thaw cycles, while the ultimate load is gradually decreased. The

lower intensity level of the recycled concrete,the more serious of the damage. When the freeze-

thaw cycles and the diameter of the steel bars are constant,the ultimate bond load increases with

the increase of the anchorage length of the steel bars.

Key words :recycled concrete ;freeze-thaw cycles ;bond-slip ;beam-type test;finite element simulation
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Table 1 Mechanical properties of recycled concrete

SR E71W AU S 171V S L0 G B VA
HER K JE/MPa  J¥/MPa  10*MPa TR
20 0 18.47 1.91 2.25 0.20
C20 50 14.36 1.62 2.03 0.20
C20 100  10.94 1.36 1.79 0.20
c30 0 26.37 2.41 2.53 0.20
C30 50 25.00 2.32 2.49 0.20
C30 100 21.36 2.10 2.37 0.20
C30 150 19.38 1.97 2.29 0.20
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Table 2 Mechanical properties of steel bars

T HAR/mm  BUPIERE/MPa  JRRGREE/MPa  BPER /105 MPa HE /A W/ (kgem ™)
HRB400 14 558 404 2.01 0.3 7 850
HRB400 16 558 404 2.01 0.3 7 850
HRB400 18 558 404 2.01 0.3 7 850
HRB400 20 558 404 2.01 0.3 7 850
HRB335 8 455 335 2.00 0.3 7 850
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Table 4 The ultimate loads with different freeze-thaw

cycles
R BRART /KN
n/ K
I HHUE
0 41.35 40. 81
50 36.78 37.12
100 32.41 34.53
150 27.95 31.61
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Table 5 Different anchorage length ultimate load
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- KA [ EIVREEN
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Fig.9 Free end load-slip curves



1106 Tk B B OR E eE R (A SRR ) 535 4
101
50,
9 -
8 -
g 4l
2
R 67
& 41
&

W@ 41
2 s
2ff

1 of d=16

----d=18

P 5 —d=20

0 05 1.0 1.5 2.0 25 3.0 35 4.0 ) ) ) )
AR/ mm 0 1 2 3 4
B0 PG - PR M
(a) EHME
Fig. 10  Average bonding stress and average slip 50

H &9 & 10 ], p A 1K R O A o
A SBT3, — B R i A% it 2
TRAS AL AA ST A AR AL AS 5] 5 3614 B 4 A
AR R IR IS B SF- X5 R 45 1 ) A 25 AN K. 1S
PR TR B ) i B ey 2 A PR 6 25
i | FR o T RS (R A, AR A AR AL
Bt M4 K 5d B K F 84 . 10d , Hobk
FREH SR 73 03 K 7. 5% F1 23% .

3.2.3 AR EAR

TR [ B Sd, P A TR e 5 P A )
C30, R Al fE PR UCEL 50 v, X i34 Al B A%
b 16 mm .18 mm 20 mm X =P #4713t
AT, B PR AT 2R LR 6. I (B S5 AR AL Y
rk — b it RS i 2 AR DU - 38 B 45
N F) - RS I AL LR 11 12
iR,

F6  ARIDMA AR TR

Table 6 The ultimate load with different steel bars

diameters
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WA 4%/ mm —
REE A
16 36.78 37.12
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Fig. 11 Free end load-slip curves of specimens
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Table 7 Calculation results of ultimate load with dif-

ferent factors

far /KN
n/Ix d= d= d= d=

iR

¥ /mm

14mm 16 mm 18 mm 20 mm

0 35.280 40.810 45.838 50.055

50  32.796 37.120 40.320 44.830

5d 100 31.150 34.530 37.344 41.564
150 29.129 31.610 35.163 39.509

0 36.702 40.380 46.101 50.802

50 34.337 38.435 42.413 47.206

7d 100 30.897 34.867 38.697 43.843
150 26.894 31.743 34.780 38.405

0 37.096 40.261 46.480 52.520
50  35.247 38.746 44.160 49.427
84 100 31.411 36.097 39.302 44.745
150 29.321 31.712 35.760 39.275

0 45.413 49.825 58.140 64.588
S0 42.965 48.275 54.070 59.214
104 100 39.743 43.310 49.744 56.099
150  35.157 37.806 45.267 51.581
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Fig. 15 The ultimate load change curves
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