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i
This study is a fundamental research in order to establish the design code of recycled aggregate concrete structure. |
The structural properties of recycled aggregate concrete such as flexure, shear, fatigue, compression, and bond i
development are experimentally investigated and confirmed. In this study, laboratory-scale reinforced concrete beam, i
column, and pull-out test specimens using recycled coarse aggregate are manufactured. Then, the structural performances i
of recycled aggregate concrete according to replacement ratios of recycled coarse aggregate are evaluated. Also, finite |
element analysis using commercial code DIANA is carried out to predict the test results and the analysis results are i
compared with test results in this study. Structural test results showed that the structural performances of recycled i
aggregate concrete specimens with 60% replacement ratio are reduced by approximately 15-20%. These results indicated |
that the replacement ratio of recycled coarse aggregate within 30% is a suitable to use for structural members. The i
results of finite element analysis showed that the specimens with 30% replacement ratio possessed similar or more i
excellent structural performance than normal concrete specimens. However, recycled aggregate concrete with 60% i
replacement ratio of recycled coarse aggregate must be carefully considered for structural applications due to significant |
decrease of the failure loads. i
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’ Determination of target struaters

Structural test variables =g

* Replacement ratio

* Reinforcement ratio
* Details

| 3D nonlinear finite element analysis |

¥

’ Structural tests ‘

|
+ ] i

’ Bond pull-out specimens

’ Design of test specimens ‘

Beam specimens Column specimens

« Flexural test * Tied column test with
« Shear test exposed hoop reinforcement
« Fatigue test * Tied column test
[ [
v
’ Study of structural test results ‘
¥

’ Verification of applicability of recycled aggregate concrete structures ‘

Fig. 1 Schematic procedure of structural tests
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Table 1. Mix proportions according to replacement ratio

Unit volume (£/m’)

Design Replac
strengt Water |e-ment

h W/C (kg/m’) ratio Cemen Coars (?CCYCIF Fine
(MPa) (%) t € Coarse| og.

agg. agg.
0 123 | 353 0 289
24 50 | 185 30 123 | 247 106 289
60 123 141 212 289
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Fig. 2 Dimensions of structural test specimens
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(a) Beam FE model

(b) Column FE model
Fig. 3 FE modeling of concrete and reinforcing bars

(c) Compressive failure analysis of column specimen
Fig. 4 Analysis results of stress distribution and crack
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3. =28 AlY Table 2. Physical properties of aggregate

Unit | Density Water Solid .
. . Fineness
2 ATolME e 23eES A8l B, 7)%, wegth absorption | VOIUME | s
- o t/m) | (g/em) (%) (%)
AT APAE A&t F2EIAFS AABHAT C
oarse
B BEYPAFAY Afole oFF2EA A& wE aggregate 1.60 270 047 o8.9 6.85
Antz, Ay @ EH9E EXS ARt 75 je?;dzfe 159 | 2.82 2.69 69.97 | 7.04
wYA A Aole Aggo] FUF FouE Fhd S
Fine
2 ARSI AFAE 2zt ARl FYAFS aggregate 1.64 2.60 1.08 - 2.60
AT ER, BT 2aEe] A8 A B 7 ,
83 AES AT AoIEAApul-out tes)E F7t o |
2 A
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Fig. 5 Crushed natural aggregate and recycled aggregate
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(a) Flexural failure test (b) Shear failure test (c) Dynamic fatigue test
Fig. 7 Scene of recycled concrete beam tests
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Fig. 8 Flexural failure test results
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Table 3. Summary of structural test results of recycled

concrete beams according to replacement ratios

Relative
Test |Replacement|Displacement|Failure load| ratio of
types ratio (mm) (kN) average
failure load
4.25 58.0
0% 3.26 50.1 100.0%
4.25 474
Flexural 453 53.1
failure 30% 4.40 50.5 96.1%
tests 4.39 45.7
3.87 42.5
60% 3.73 39.8 75.6%
3.69 35.3
3.50 41.2
0% 156 39.2 100.0%
3.65 40.2
Shear 4.01 39.1
failure 30% 4.64 37.3 95.5%
tests 3.78 38.9
3.01 36.5
60% 2.88 33.2 84.8%
2.28 32.7
Relative
Replace . M ax. Ratio of | percentage
Test Fatigue |displace] ..
—ment . displacemen| of Max.
type . failure | —-ment . . .
ratio t increasing |displacemen
(mm) .
Dynamic 0% No 2.19 26.2% 100.0%
Fatigue | 30% No 2.30 22.8% 95.2%
tests 60% No 2.60 28.8% 84.2%
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Table 4. Summary of structural test results of recycled

concrete columns according to replacement ratios

K K Relative ratio
Replacement | Reinforcement | Failure loads
; . of average
ratio ratio (kN) .
failure load
12549
p=2% 12255 100.0%
& 1176.5
0% 1386.3
p=3% 1286.8 100.0%
12574
1078.4
p=2% 1(1)(2)8481 87.0%
5 11009.
30% 1205.9
p=3% 1176.5 90.5%
1176.5
1019.6
p=2% gg(l)jll 81.5%
5 .
L 964.7
p=3% 931.4 72.4%
951.0

3, Aldd sidle] wAE A%S wlunEAd Ay,
A SIYE 7T T o|F BE FIYEI H]
5} z



b o o e

“E‘ZH ZIZE 75L& HE ZIFE
SolA g 9 Iyt wAsta a9

SPiel ST AN YohE Y AEE
o

g Aol _a% AU A2 FAT Ho2
Hebith el 6% £

i oo ok A% AT 60% B 2
A3} E3h FARE S0.8 )Fo] Hol, HHH
x}om 3, A, I2A FFL 1A 5 ek
slsiglT webd, £ d7el Aol A@ds
Age nok 37442 A a% 58 3ed 2agE

WA GE TP GAEA 2
Aglof & Ao BerE,

32

EN‘E>’E£-100£_I
mlo
3‘%‘

Table 5. Summary of pull-out test results according to

replacement ratios

Replacement | Max. loads |Displacements Relative ratio
ratio (kN) (mm) of average
max. loads
57.65 10.5
0% 63.04 11.2 100%
60.10 12.1
62.25 12.3
30% 60.29 10.4 99.7%
57.84 10.3
51.47 11.8
60% 53.24 12.7 88.4%
55.10 10.1
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