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A Study on Quality Improvement and Verification of Recycled Coarse
Aggregate for Concrete Using an Impact Crusher with Radial Rotation
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The purpose of this study is to develop an impact crusher with a radial rotating plate installed at the bottom, which is a
shock absorber that can produce high-quality recycled coarse aggregate for concrete and to verify the effect of improving
the quality performance of recycled coarse aggregate and its applicability through concrete tests. As a result, it showed
improved quality in all items such as absolute dry density, absorption rate, abrasion resistance, Particle shape judgment rate,
amount lost in the 0.08 mm sieve passing test, alkali aggregate reaction, clay mass, stability, and impurity content, and it
was found to meet the criteria of recycled aggregate quality standards. In addition, the air volume and slump of concrete
to which recycled coarse aggregate is applied meet all domestic standards. According to the test results of the compressive
strength characteristics by age of concrete according to the mixing ratio of the recycled coarse aggregate, it was confirmed
that the mixing ratio of the recycled coarse aggregate was applicable up to 60 %
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Fig. 1. Formal diagram of the developed Impat crusher

Table 1. Configuration and features
No | Component Function
1 Hopper Aggregate storage transferred from cone crusher
) Feeder spot A passage that transports recycled
liner aggregate into the crusher
A device that directly impacts the aggregate
3 Rotor tip | discharged by the spray cone on the aggregate in
a high-speed rotational motion.
Top i t L
4 op Impac Top vertical impact crusher rotor
rotor
Conical part that sprays aggregate
> Spray cone by centrifugal force
6, 7 Radial tm Bottom radial swivel
plate
Top and
g 9 bottom A device in which recycled aggregate forms
’ deadstock deadstock by rock & rock action
plates
Drive shaft A device that transmits the driving force of
10,11 | and body
the motor to the crusher body
pulley
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Fig. 2. 3D modeling

Table 2. Analytical results (base on aggregate of 1 kg, m=1)

Analytical results

Part Case The main action of the impact crusher by simulation Impact energy Amount of impact
(joule) (kg - m/sec)
Case 1 Trans.ferr'ed .along the guld.e without internal collision with 3730 64
Vertical distribution plate and impact crush chamber wall.
impact Case 2 After an internal c.0111s10n with the distribution plate, it accelerates 8,180 114
crusher along the guide to double impact crush chamber wall.
at the tOp . .. . . . . e
Case 3 After an internal collision with filstrlbutlon plate, it is released at 1.924 ”
low speed and has a double impact on the wall of chamber.
Collision relief with radial impact on the top
Case 1 or slope of the paddle. 373 17:5
Radlal&i;atmg Case 2 Collision relief(upper and lower paddle) 2,099 64.8
at Ii)ottom Case 3 in the direction of circumference tangent to the side of the paddle. 4,950 995
Colliding the wall of the rotor without
Case 4 any impact with the paddle. 264 14.3
stEzidesinteists] =27 20229 62 135
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Table 4. Test items and methods for recycled aggregates

Table 5. Test result of particle size distribution

Test items Quality standards Test methods
Particle size distribution - KS F 2502
Density 2.5 or more
- KS F 2504
Absorption rate 3.0 or less
Abrasion 40 or less KS F 2508
Particle shape judgment rate 55 or more KS F 2527
0.08 mm sieve amount 1.0 or less KS F 2511
Alkali aggregate reaction Harmless KS F 2546
Clay lump 0.2 or less KS F 2512
Stability 12 or less KS F 2507
iti Organi 1.0 or 1 |
Impurities rganl? or less (volume) XS F 2576
content Inorganic 1.0 or less (mass)
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L Sieve size (mm)
Particl distribution (%
icle size distribution (%) 25 5 10 2 %
Quality standards range | 0~5 | 0~10 | 20~55 | 90~100 | 100
1 Before passing| 0 1 2 39 80
After passing 0 0 35 100 100
) Before passing | 1 1 2 44 80
After passing 0 0 21 100 100
3 Before passing| 0 0 1 38 90
Co. After passing 0 0 24 99 100
A 4 Before passing | 1 1 3 45 85
After passing 0 0 28 100 100
5 Before passing| 0 1 2 47 89
After passing 0 1 32 99 100
Ave Before passing | 0.4 0.8 2.0 4.6 |8438
ver.
After passing 0 0.2 28.0 99.6 100
! Before passing| 0 0 2 61 99
After passing 0 0 28 99 100
5 Before passing| 0 1 3 65 100
After passing 0 0 32 100 100
3 Before passing | 1 1 7 52 96
Co. After passing 0 1 21 99 100
B 4 Before passing | 1 2 17 77 100
After passing 1 2 30 100 100
5 Before passing | 2 2 13 82 100
After passing 1 1 25 100 100
A Before passing | 0.8 1.2 8.4 67.4 |99.0
ver.
After passing | 0.4 0.8 27.2 99.6 | 100
100 ; | —=
—a— Before passing gl =TT
%0 7|—-—Afterpassing | y y,
g /A
3 ;g /'I "' //
© P 7
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Fig. 3. Test result of particle size distribution
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Table 6. Quality test result of recycled coarse aggregate
Company A Company B Quality
Item standards
1 2 3 4 5 Aver. 1 2 3 4 5 Aver. range
Before | 55 1 230 | 220 | 230 | 228 | 230 | 245 | 245 | 244 | 235 | 233 | 240
passing

Density (g/m’) 2.5 or more

After o 53 | oso | 251 | 253 | 253 | 252 | 256 | 257 | 254 | 253 | 253 | 255
passing

Before |50 | 535 | 558 | 529 | 257 | 536 | 430 | 423 | 443 | 560 | 582 | 488
passing

Absorption (%) 3.0 or less

Aﬁfzr 2.40 2.89 2.77 243 2.49 2.60 2.50 242 2.73 2.98 2.93 2.71
passing

) . Befc?re 30.5 314 32.8 30.7 30.1 31.1 313 31.1 334 349 34.7 33.1
Abrasion resistance | passing

o 40 or less
(%) After
. 23.2 24.1 243 23.0 22.7 23.5 23.4 22.9 25.2 26.1 26.4 24.8
passing
_ Before | 5o | 554 | 555 | 556 | 557 | 558 | 571 | 570 | 567 | 568 | 566 | 568
Particle shape passing
judgment rate (%) | After 55 or more
! . 59.3 58.6 584 58.5 58.8 58.7 59.4 59.6 58.8 58.9 58.4 59.0
passing
, Before |00 1 023 | 020 | 015 | 016 | 0.9 | 031 | 033 | 031 | 042 | 041 | 0.36
0.08 mm sieve passing
1.0 or less
amount (%) After
. 0.02 0.01 0.02 0.03 0.02 0.02 0.10 0.09 0.08 0.36 0.31 0.19
passing
. Bef(,)re Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless
Alkali-aggregate | passing
- Harmless
reactivity After
passing Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless | Harmless
Before

0.0 0.1 0.0 0.1 0.1 0.06 0.1 0.1 0.0 0.2 0.1 0.10

passing
Clay lump (%) AL 0.2 or less
00 | 00 | 00 | 00 | 00 | 000 | 00 | 00 | 00 | o1 | 01 | 004
passing
Before |6 1 57 | s6 | s1 | 58 | 55 | 51 | 58 | 51 | 68 | 55 | 56
passing

Stability (%) 12 or less

After 0 | a2 | a3 | 37 | 40 | a0s | a1 | 39 | 44 | 47 | 44 | 43
passing

Before |08 | 012 | 002 | 001 | 003 | 005 | 003 | 001 | 001 | 002 | 0.04 | 0.02
passing 1.0 or less

Organic After (volume)
Impurity passing 0.00 0.10 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00

content Bef:
(%) ) 004 | 001 | 008 | 019 | 013 | 009 | 001 | 000 | 000 | 001 | 002 | 0.01
passing 1.0 or less

After (mass)
. 0.00 0.00 0.04 0.07 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
passing

Inorganic

siaziMasnIslE =27 2022 62 137



N
0f0
0x
Ral
pdd
4>
ﬂ
rio
08
P
rio

o

-
3.00 . : 7.00
mBefore passing @ After passing — mBefore passing @ After passing
& 600 5.36
2.75 | Standard s -
B Over 2.5 glart £ 500
% 9o o 2.55 g
> 2.50 @ 4.00 Standard
B b= Under 3.0 %
= 3.00 |- 2,71
© - 260 L
O 225 7 7
2.00 / /
2.00 1.00 Z i
Company A Company B Company A Company B
(a) Density (b) Absorption
75.00 - "
R DBefore passing @ After passing _. 200 mBefore passing @A After passing
9 x
= Standard =
$ 65.00 Over 55 % S 150
é 58.70 56.80 9.00 2
= 5500 |- I— T / nn > 100 Standard Under 1.0 %
g 2 "
@ 7]
® £
45.00 £ 050 0.36
: E [T e
L, S oo LM 2 v
Company A Company B Company A Company B
(d) Particle shape judgment rate (e) 0.08 mm sieve amount
14.00 - n 1.20
mBefore passing A After passing — mBefore passing B After passing
12.00 £ 1.00
- Standard Under 12 % " - Standard Under 1.0 % &
& 10.00 S 080
= o
£ s00 E o060
3 o
& 6.00 5.50 5.60 S 040
‘| 4,04 4.30 g
4.00 % % 0.20
0.05 g, 0.02
2.00 % % R 4mmmh?z$m 0.00
Company A Company B Company A Company B
(g) Stability (h) Organic impurity

Clay lump (%) Abrasion resistance(%)

Inorganic Impurity (%)

60.00

50.00

40.00

30.00

20.00

10.00

0.40

0.30

0.20

0.10

1.20

1.00

0.80

0.60

0.40

0.20

Fig. 4. Quality improvement of recycled coarse aggregate
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E J2ME 08¢ 232EE aaFm2EM SEEY &

Ol et IHEOI EE\
, 232|E 8 gt} Table 102} 20

ZA2|EQ| YFZE EH WS Qlot] &

60, 100 % Xletet ZF2E FAHIE KIES

Y=L AEE TR

EME Table 7~91} 2o

2SN SAVIE0IM FEE HYAHES

Q|42F 185 kg/m0[5te] =74

o2 SA|HEH| 45 %, LIEXHE 485 %= HHS

Table 7. Physical properties of cement

|-oI-I‘|

F 280 kg/m>0|Af T

2 0i=5im 27 MPa 232|E9]

FRACE,

Density | Fi Degree of Stability Loss on
ensil ineness : abili
Material condensation ionition
(g/em’) | (emg) [—— — ) |5
Initial | Closing (%0)
Portland | 3 101 3600 | 305 | 505 | Stable | 095
cement
Table 8. Chemical properties of cement
Ca0 (%) | KO (%) |FexO5 (%) | NaO (%) | SOs (%) | Others (%)
63.31 1.09 3.18 0.00 2.00 0
Table 9. Physical properties of aggregate
L . Density | Absorption | Unit weight
Division Material (e | rate (%) (ke/l)
Crushed gravel 2.60 0.69 1.51
Coarse
aggregate Recycled coarse 250 260 156
aggregate
Fine aggregate | Washed sand 2.56 0.73 1.63
Table 10. Mixing properties
hesiisit Unit weight (kg/m®)
Repraﬁo wiC| S/
* | AE
@) | 79| 9 | Water | Cement | Sand| NCA" | RCA' WRA™
0 45 | 485 | 135 | 390 | 895| 950
30 45 | 485 135 | 390 | 895| 665 | 285 -
95
60 45 | 48.5| 135 | 390 | 895| 380 | 570
100 45 | 485 135 | 390 | 895 950
* Natural coarse aggregate
** Recycled coarse aggregate
**% AE water reducing agent
stziMasixtelstsl =27 2022 62 139
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Fig. 5. Result of air contents and slump test
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