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Improvement of Recycled Concrete Aggregate Properties using Alkali-Activated Binder
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Abstract

This article studies on the effects of using paste-treated
recycled concrete aggregate (RCA) on the characteristics of
concrete. Cement paste, alkali-activated high-calcium fly ash
paste, and alkali-activated high-calcium fly ash paste containing
dolomite paste were used to treat recycled concrete
aggregate. Natural concrete aggregate (NCA) was substituted
with RCA at weight percentages of 0%, 25%, 50%, 75%, and
100%. The properties of coating material and concrete were
investigated. The experimental results indicated that using
treated RCA in replacement of NCA is a viable alternative
material for replacing nonrenewable natural resource
components in concrete, as well as making it more sustainable
and ecologically friendly. As RCA was surface treated with
coating materials, the characteristics of the concrete were

substantially enhanced when compared to the control mix.

Keywords: coating material, alkali-activated material, recycled

concrete aggregate, mechanical properties
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2.1 Jagildluanis

2.1.1 YuBwudvedauaus (PO) diAanudisdmizuindu 3.15
lupseu vwmeynAwiniu 15.0 luaseu

2.1.2 in@ey (FA) a1nnsiniudung Jmind1uis Saaau
g1t 2.65 luasew vuineyniawiiu 15.5 luaseu

2.1.3 lalalusi (DLM) Sidnanuandumizvindu 2.795 lumseu
yneyn1Awiiu 20.2 luaseu
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Chemical
compositions (%) “ ot &

SiO, 36.94 10.64 20.80

Al,Os5 18.09 1.19 4.70

Fe,0s 11.90 0.47 -
Cao 21.42 44.55 86.14
MgO 277 3.09 0.36
Na,O 1.41 0.03 0.39
K0 2.27 0.15 0.10
SO;3 2.90 0.13 2.90
LOI 1.54 39.57 0.90
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Properties RS NCA RCA
Specific gravity (Se) 2.65 2.74 244
Dry-rodded density (kg/m®) 1515 1550 13.26
Fineness modulus (FM) 2.40 6.50 6.44
Water absorption (%) 0.10 0.66 7.54
Void (%) 39.60 43.60 4555

2.1.4 1naniasldyn 3nenefinny JaRInuATIYELN

2.1.5 inaTmmenUsTIsi (NCA) vuelngjanliiu 1/2 4

2.1.6 wasniludannasaeunin (RCA) vuralvgjanliiiy
1/2 7 Fa191nevAsun3AluUI B RIAULYEINTUNIINAT
Usemelne Falimdssunsedausyana 35-45 wnzdrdnna

2.1.7 arsazanslaieulansonles (NaOH) inaududuwindu
10 Tuans

2.1.8 asazanelufioudanng (Na,Sios) fiesrusznaumanil
484 Nap0 Wihfiusesay 13.89 SiO, winiuieeay 32.15 uay H.0
winuSeuay 53.96
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71 nsmSeumanues CP, AHF way AHFD lapdluway CP
AHUNIIAIU ASTM C305-50 [5] dusudiunanvod AHF wag AHFD
wad Budulnenswantagreiuilduremdsszana 1 uilidy
Wodeaiu snduifnaisazanslafionlensenlesiuaraisazane
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Mix symbol CcP AHF AHFD
PC (kg) 1223 - -
FA (ke) - 1380 1313
DLM (kg) - - 70
NaOH (kg) - 345 346
Na,SiO; (kg) - 345 346
Water (kg) 612 138 139
715197 4 drunanvasnounin Alandusiegnuiaiiuns)
PC RS NCA RCA  Paste-coated RCA (kg)  Water  SP
Mix symbol R
(kg)  (kg) (ke) (kg) CP AHF  AHFD  (kg) (kg)
CON 467 810 872 - - - - 226
25RCA 467 810 654 196 - B - 226 -
50RCA 467 810 436 391 - - - 226 0.94
T5RCA a67 810 218 587 - - - 226 1.40
100RCA a67 810 782 - - - 226
25RCA-CP a67 810 654 - 190 - - 226 0.47
50RCA-CP a67 810 436 - 380 - - 226 0.94
T5RCA-CP 467 810 218 - 570 - - 226 0.94
100RCA-CP 467 810 - - 760 - - 226 1.40
25RCA- AHF a67 810 654 - - 179 - 226
50RCA- AHF 467 810 436 - - 359 - 226 -
T5RCA- AHF 467 810 218 - - 538 - 226
100RCA- AHF 467 810 - - - 718 - 226
25RCA- AHFD 467 810 654 - - - 179 226 -
50RCA- AHFD 467 810 436 - - - 359 226
75RCA- AHFD a67 810 218 - - - 538 226
100RCA- AHFD 467 810 - - - - 718 226
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7999 NEIAY 2.25 ArAunUIKLuLinAY 1360 Alaniuse
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ypurfin1sindouiafie AHFD wad fiaaudisdumzindy 2.24
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9NA37 6 WU SEEznAemvesTagAdouRIUsELAM AHF
uay AHFD ad fiszazinandunindoioutu cp mad 1Hosann
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Setting Time (min
mEagn

Setting Time (min)

a wa a a A & v o = a '
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Properties CP-treated AHF-treated AHFD-
RCA RCA treated RCA
Specific gravity (Se) 231 2.25 2.24
Dry-rodded density (kg/m3) 1389 1360 1357
Fineness modulus (FM) 6.57 6.59 6.59
Water absorption (%) 3.25 2.10 2.55
Void (%) 41.32 39.30 39.16
319 6 auAvestanadouinn
Properties CcP AHF AHFD
Initial setting time (min) 265 15 10
Final setting time (min) 337 40 33
1-day compressive strength 134 78 80

(MPa)
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O Initial setting time S Final setting time 250 Olnitial setting time S Final setting time

L

Setting Time (min)

200

5 175

s 150

25 = 125

= 100

0 0
00

0 25 50 75 1
RCA content (%)

0 25 50 75
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(b) CP paste-treated RCA

——|OlInitial setting time & Final setting time]

100

(a) No surface treatment
OInitial setting time BFinal setting time

250
225

175
150

125

Setting Time (min)

R T

] 25 50 75

RCA content (%)
(c) AHF paste-treated RCA

100 0

"

50 75
RCA content (%)

(d) AHFD paste-treated RCA
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ldurasiuneruslaida) 31 zero slump 91 150 U wdsa1nnIs

o V] Aa a P a v a
Ny dusudiunauitiusunaiasunenUsleiaseeay 50-100 7
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a ' a A v i a_a ~
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Fusudrunanlduiasiuneuslufaniinisieiouiinnie CP unad
Sowag 25-75 §iA1 zero slump N5EWINe 90-120 U waznISUNUT
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(b) CP paste-treated RCA
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(c) AHF paste-treated RCA
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Elapsed time (min)

(d) AHFD paste-treated RCA
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