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ABSTRACT In this study, powered superplasticizer (PSP) agents to improve the slump loss rate of recycled aggregate con-
crete were developed. To evaluate the variation of fluidity against elapsed time and the mechanical properties, twenty four spec-
imens whose main variables had the mixing condition of aggregates, such as natural and recycled gravels, and natural and

recycled fine aggregates, were tested. The concrete slump with a liquid superplasticizer greatly decreased against the

elapsed

time and dropped by less than 50% of initial slump after two hours. However the concrete slump with the PSP agents hardly
varied until after half an hour and maintained more than 85% of initial slump even after an hour. Also the PSP agents made
the compressive, splitting tensile, and flexural strength of concrete increased and the shrinkage strain decreased. Considering
the properties improvement of concrete, it can be recommended that optimum mixing amount of the PSP agents should be 5%

of the amount of cement.
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Fig. 1= PSP

Mixing of slag and superplasticizer
in optimum proportion

Plasticization under
control of temperature

The first grinding and sieving

The second milling
and sieving through size of 25047

Production of PSP agent

Fig. 1 A basic process for development of PSP agent
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(b) After being sieved

(a) After the second miilling

Fig. 2 Features of PSP agent
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Table 1 Chemical ingredient of PSP agent and slag
(unit : % in mass)

Ingredient PSP-P PSP-N Slag
MgO 3.88 3.58 3.8
ALO; 13.7 142 13.7
SiO, 33.7 344 31.5
SO, 0.34 0.5 03
K,0 0.55 0.557 04
CaO 46.69 45.6 439
TiO, 0.573 0.532 0.56
MnO 0.195 0.187 -
Fe,O4 0.304 0.262 03
NiO - 0.051 -
© 1g. loss 0.068 0.131 5.54
5 R Differential Volume 100
L Cumulative V, &
S 4 80
£ g
= =2
§ 3 1 60 §
§ 2 40 %
: :
5 1 20 5
0 et 0

0.04 0311 2.011 12.09 83.89 541.9

Particle Diameter(um)

Fig. 3 Particle distribution of PSP agent
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Table 2 Main variables and basic condition for test

o thelel TTtmraA TS PaAE AY 28
Atk 7k AR WMEEF A4 Al PSP Ao EYFL

Al A-&stsitt.
32=Xel 2l ME

A EA FeIAe v Wgelr o=z
A Fkite] He siatet AL 47 ol g3k
AYEAE CAtlA AHE ZE M) o8 FfH 2 o
ER7) B FAEE7 94%11 TeEd A 21
FAE vlegel AAE AEE o8
A AN R A HIH e
dl AF=HAS. F2IAe atﬂzﬁ‘%} 25 mmE
o, ZFAE= FAA S5mmet 2.5mme A7
ﬂcﬁ 22359t Table 30)= AHEE FAEC
A 48E Yerioldh

o]_.
AR

2

333”2;- 1 g@ Hl-té-!

Jo
olfl
o,
>

e
rlo
A
oo
-
.IL
[an]
N\O
oy

Recycled gravel : grade 1, 3
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Recyled fine aggregate : grade 2 £ ©]8-3}] ZH%‘ 82 oA KS F 2408%) wet 7}s}s)
Main variables PSP agent : Series I: None o ¥y E A4 2 765}’“ AT AE 28YlA L
Series 11: PSP-P (5%) FEg AZYMVIE L WSGE o) 0}04 3= 7
Series Il : PSP-P (7.5%) 252 WHELS Bl50 % 300mm ©o] WS.G (WFLM
Series [V : PSP-N (5%) : 60-1NE Mdste] 2Fsuc) AxFE RS A 14
Basic condition W1 C=50%,S/a=42%, W= 175 kgf/m A7F Hg 20002 zoA P o T 32324 o)A
Table 3 Physical properties of aggregates
T Maximum  size Density Water absorption FM Unit weight
e (mm) (g/om) %) (kg/m’)
Natural 248 1.93 6.52 1,642
Gravel 1 25 253 1.6 6.62 1,704
Recycled
3 24 6.24 6.89 1,645
. Natrural 2.53 1.62 2.79 1,455
Fine aggregate 5
Recycled 2 236 5.37 3.25 1,366
Ml =X 232 E SHE &4 NS 28 2UY UTH2 8| 651
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Table 4 Detail of test results
SL, mm SL-F, mm Jer, MPa Lo S E,
Series| Specimen Min. Min. Days MPa | MPa | MPa
0 30 60 190 [120 | O 30 60 |90 [120 3 7 128 ) 56| 91 |28d(28d]| 28d
G-s 230 [ 205| 1951 180 | 145| 583 | 508 | 430 | 360 | 315 | 17.1 | 30.7 | 47.8|49.8|59.3 | 4.46 | 3.16 | 37,581
G-r 210 | 185 150 | 135 | 110 | 438 | 388 | 283 | 293 | 169 | 14.5|24.4 | 38.6 | 41.8| 43.2| 3.88 | 2.45 {30,104
Series| RI-s 185 | 155| 140 | 130 | 115 | 415 | 363 | 260 | 280 | 240 | 15.3 [ 284 (423 |42.3|49.6|3.71 | 2.53 | 31,855
1 Rl-r 190 | 165 | 145( 110 | 95| 400 | 374 | 360 | 249 | 219 | 11.9 [ 21.7 | 31.9|31.8|37.2|3.22 | 2.46 | 22,834
R3-s 220 | 190 | 165 | 140 | 125 | 483 | 417 | 341 | 288 | 272 | 14.1126.9|37.5|37.9| 43.6 | 3.98 | 2.68 | 26,445
R3-r 225|160 | 135] 105 | 75| 418 | 350 | 275 | 235| 208 | 11.4|21.2 | 32.8 | 33.1 | 40.7 | 2.96 | 2.23 {22,006
G-s 150 | 145 | 140 | 140 | 135| 233 | 238 | 242 | 283 | 270 | 18.3|30.5 | 48.5| 51.5] 62.5 | 4.60 | 3.25|38,928
G-r 170 200 | 195} 160 | 120 | 415 400 | 380 | 325 320 | 13.6 | 23.0 | 35.1 | 39.4| 45.6 | 3.76 | 2.56 | 30,034
Series| Rl-s 180 | 170 | 145 | 150 | 135| 390§ 370 | 338 | 290 | 275 | 14.5|27.5| 41.8{43.5|52.6 | 3.93 | 2.66 |31,763
I Rl-r 200 | 195 190 | 180 | 170 | 440 | 485 | 418 | 388 | 355 | 123|223 (30.7131.5|37.3 | 3.724| 2.34 | 25,812
R3-s 145 | 180 | 175 150 | 120 | 335 | 333 | 273 | 230 | 233 | 13.9(27.4|36.9|39.2|45.1|3.98 | 2.56 | 29,401
R3-r 225|205 190 | 150 | 130 | 415 | 330 315| 303 | 284 | 11.2|20.6 | 32.0|31.6|40.9 | 3.14 | 2.25 {22,930
G-s 190 | 185 | 180 | 165 | 165 | 380 | 383 | 355 | 356 | 348 | 16.7|30.6 | 50.4 | 49.8 | 63.3 | 4.69 | 3.33 | 34,592
G-r 160 | 155 ] 155 130 | 115 | 365 | 345 | 305 | 260 | 245 | 12.4|24.5|36.4 | 37.1 | 46.2 | 4.29 | 2.92 | 28,244
Series| Rl-s 150 | 140 | 130 [ 125 110 | 225 | 231 | 254 | 244 | 231 | 15.5(29.6 | 45.8| 46.9| 58.1 | 4.14 | 3.00 | 35,307
I Ri-r 210 | 210§ 185 | 155 145 | 398 | 378 ( 350 | 337 | 258 | 11.7|24.0 | 34.9 | 35.1 | 41.7 | 3.81 | 2.82 (26,268
R3-s 200 | 185 180 ( 170 | 160 | 385 | 358 | 336 | 320 | 273 | 13.5}28.5|37.1|38.7|47.0]3.99 |2.59 26,218
R3-r 250 | 2251 210 | 180 | 165 | 585 | 547 | 455 | 360 | 295 | 10.8{22.5 | 30.1 | 30.4 | 37.4 | 3.14 | 2.30 {20,867
G-s 235 | 2151 210 | 205 | 195 | 555 | 488 | 465 | 464 | 399 | - - | 517 - - |- 3.12 136,241
G-r 2151951 180 | 165 | 150 | 420 | 380 | 376 | 309 | 263 | - - 1339 - - - 242 126,529
Series| Rl-s 190 | 182 | 170 | 155 | 150 | 330 | 313 | 305 | 268 | 286 | - - |57 - - |- 2.89 136,932
v Rl-r 195 210 | 170 150 | 135 393 | 380 | 355 | 266 | 254 | - - 1394 - - |- 2.55 124,630
R3-s 170 | 160 | 150 135 | 130§ 283 | 271 | 243 | 254 | 275| - - 423 - - |- 2.67 127,549
R3-r 245 | 235| 210 | 185 | 165 610 | 555 482 | 396 | 356 | - - {351 - - |- 2.01 120,272
652 | =22 32| E5t5 =2F H182 M55 (2006)
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Fig. 10 Mechanical properties against mixing condition
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(c) Recycled gravel of grade three + recycled fine aggregate
Fig. 11 Shrinkage strain against elapsed time
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