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Abstract

Background and Objectives: Concrete is the most widely used construction material globally.
The production of cement, the primary component of concrete, accounts for approximately
8% of global carbon dioxide (COZ) emissions. One popular method for reducing such gas
emissions involve the use of recycled concrete aggregate. The present research then aimed
to determine an optimum size ratio for recycled aggregate in self-compacting concrete,
taking into account both the flowability and compressive strength. The aim is to provide

convincing information to concrete users in Thailand to increase the use of coarse recycled
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aggregate. The approach can reduce the reliance on natural gravel, mitigate environmental
degradation and decrease the greenhouse effect by lowering CO, emissions, which are primary
contributors to global warming and the recent phenomenon of global boiling.
Methodology: The present study considered coarse aggregate size ratios of 1/2 inch and 3/8
inch at 0:100, 20:80, 40:60, 60:40, 80:20, and 100:0. Mixtures with water-to-cement (W/C) ratios
of 35%, 40%, and 45% were tested. Flowability was determined by considering the slump
flow and the flow time through a standard funnel. Compressive strength was determined
at 3, 7, and 28 days.

Main Results: The results indicate that higher amounts of superplasticizer, at 1.4-1.5%, were
required when using only the Y-inch coarse aggregate size; this would clearly adversely
affects the cost of concrete. The flow time through the standard funnel ranged from 3.8 to 28
seconds. A flow time of shorter than 5 seconds posed a risk of segregation. Concrete mixtures
with flow times shorter than 5 seconds were observed in samples with water-to-cement (W/C)
ratios of 35% and 40%. However, no segregation was found in any mixtures. The average
compressive strength increased by approximately 29.5% at 28 days when compared to that
at 3 days. The ratio of coarse aggregate sizes (1/2 inch to 3/8 inch) that yielded the highest
compressive strengths in the mixtures with W/C ratios of 35%, 40%, and 45% were 20:80,
40:60, and 80:20, respectively, with compressive strengths of 592.8, 489.3, and 424.8 ksc.
Conclusions: Utilizing coarse recycled aggregate for new concrete production should take
into account the size ratio of the aggregate to achieve self-compacting concrete with optimal
properties. It is not recommended to use a single aggregate size as doing so requires
a higher amount of superplasticizer and may not yield a specimen with the highest
compressive strength. A suitable size ratio depends on the water-to-cement (W/C) ratio. The
recommended size ratios when using aggregates of 1/2 inch to 3/8 inch are 20:80, 40:60,
and 80:20 for concrete with W/C ratios of 35%, 40%, and 45%, respectively.

Practical Application: Engineers and self-compacting concrete users can apply the findings
from the present research by utilizing the optimal coarse aggregate size ratios of 1/2 inch
to 3/8 inch in a mixture with water-to-cement (W/C) ratio of either 35%, 40%, and 45%.

These mixtures would result in concretes achieving high compressive strengths, even when
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using 100% coarse recycled aggregate. These data can be effectively applied to various

projects to enhance the performance and sustainability of concrete production.

Keywords: Coarse Recycled Aggregate, Size Ratio, Flow Time through the Standard Funnel,

Compressive Strength
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Figure 2 Samples of coarse recycled aggregates used in this work
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Table 1 Materials properties

Material Property
Portland cement type 1 Conforming to TIS Vol. 15-2555
Water Tab water
Fine aggregate River sand with specific gravity of 2.65, passing

sieve No.4, Fineness modulus of 2.69 and water
absorption of 0.81%
Coarse aggregate Recycled concrete with size of

Superplasticizer type F Polycarboxylic ether (PCE) with specific gravity of 1.08

N130DNLUVEAIUNAUNADUNINDALULAIEAIDY

N59ONLUVEIUNANALTIUNITANTOLUZINY8Y Japan Society of Civil Engineer JSCE,
Recommendation for Self-Compacting Concrete [7] laglonsnaiunsienenainiisosay 45
(s/m 45%) 1Hhsrdrsnasuveudenaunindosas 30 (G/C 30%) wardnsraninroyudiuus
(Water to cement ratio, W/C) $awag 35 40 uay 45 Inevdsanntazunugie W/C Wefiansan
onuuUISRTALELEE FEnTd L TanTundmiuraunInsautufesiesmu Table 2
Lﬁamai’maﬁuam’azémﬁaﬂaLLﬁq (Saturated Surface Dry, SSD) N199DNLUVEIUNENADUNIA
firsansie 1 mheU3ung fadunisuiud W/C Fafesufutimnanufundlundontudiolils
UTinnsnaunin 1 mieusines iesantuasyudunsiinnudisimng vy Seilisn
Yuudly Table 2 gnufuniudn W/C Jadeiidnuiluanuisoinands Table 3 Anwn W/C
¥ouay 35 40 uay 45 Tufudnaiusnasmeuslafavunn 1/2 41 - 3/8 6 Wiy 0:100, 20:80,
40:60, 60:40, 80:20 war 100:0 AWy sgrslsimulutunouniseiouduraLLATNAdOU
i wasmeusladadliiiemed vy 1 fegrs Seilvenunauilld w/e Sovay 45 Ty
fndunasmeuiledavunn 1/2 §1 : 3/8 #a wihifu 100:0 ldfinansnageu Usinaansan
ihiawiliuiueg fudunanlnefmualidunaudosdanisinauoglugag 60-80 @,
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Table 2 Material quantities used per cubic meter of concrete

Material weight (kg)
wW/C Fine Coarse .
Cement agaregate aggregate Superplasticizer Water
35% 575 200
40 % 535 820 795 Vary 215
45 % 500 225
Table 3 Parameters studied in this work
Specimen W/C. Size r.atio SP/C.
(% by weight) 1/2:3/8 (inch) (% by weight)
................ LR o 2100
) 20:80
3 40:60
.................................... 35
a4 60:40
............... 5 8020
6 ................................. 1 ooo .............
A 010
8 20:80
9 4060 Vary to achieve slump flow
""""""" 10 40 6040 diameter of 60-80 cm.
.............. R o
.............. 12 1000
.............. LN 0100
14 20:80
15 a5 40:60
.............. 16 6040
.............. s 8020
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Figure 5 Size of standard funnel for viscosity test of self-compacting concrete
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Results and Discussion
Mg URlaadun1suTunauly Research Methodology @MunsaLaAINANTT

aaouAINITt ALl 5382a1laIUNTIBNINIFIY BaEAIAITULIIBATDIABUNIATALU
MefLadlend Table 4 wazausaadUseNan1snadauluiitendAnlaeall

o

Table 4 Test results of flowability and compressive strength (f’c)

Flow Funnel
Specimen W/C Size ratio SP/C diameter fime f’'c at 28
(% by weight) | 1/2:3/8 (inch) | (% by weight) () (second) days (ksc)
1 0:100 1.10 75.0 22.18 532.4
2 20:80 1.00 77.5 13.49 592.8
3 40:60 0.60 70.5 9.55 513.4
a » 60:40 0.70 63.5 8.92 517.0
5 80:20 0.60 76.0 28.09 488.0
6 100:0 1.50 71.0 1330 494.5
7 0:100 0.50 67.0 28.09 425.0
8 20:80 0.70 76.0 9.07 481.0
9 40:60 0.50 75.0 a4.47 452.9
10 0 60:40 0.50 68.5 3.81 373.7
11 80:20 0.60 76.0 17.6 0 489.3
12 100:0 1.40 68.0 5.57 441.5
13 0:100 0.55 64.0 5.14 405.2
14 20:80 0.50 65.5 4.38 3535
15 a5 40:60 0.50 65.0 4.48 424.8
16 60:40 0.50 62.0 7.67 337.2
17 80:20 0.50 71.0 10.38 357.3

USunauansantiniauiily

USinnansantfiesillddmiunndiunauuansds Table 4 Fafuuiuaiivhlfdunay
ounIndnuiufedteaidnsivausioglutng 60-80 wu. Figure 6 uansfogNsosaINANTS]
Anstaud 75 ¥, wagkienininansmlanin L S S ERE LU ANIATIIVIETY
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Figure 6 Sample of mixture with slump flow diameter of 75 cm
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Figure 10 Compressive strength of mixture with W/C 35% at 3, 7 and 28 days
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