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Compressive Strength Experiment of Lightweight Concrete
Using Coarse Aggregate Produced by 3D Printing
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Abstract Coarse aggregate is produced in various ways depending on the location and production
method. Currently, the construction industry is in need of a stable supply of coarse aggregate and a
way to secure standard quality. The purpose of this study is to examine whether the use of coarse
aggregate in 3D printing can help solve this problem. ABS filament was selected for use in 3D printing.
CATIA was used for the design of the coarse aggregate, and CUBICON Single Plus was used for the
production. Six specimens were produced and cured in water for 28 days. Three of them were made
with AE agent, and three were made without it. A compressive strength test confirmed that when the
AE agent was used, the compressive strength was greater than the lightweight concrete design
criterion specified in the concrete standard specification. This suggests that coarse aggregate
produced by a 3D printer may be used for lightweight concrete. A mass production system using this
method could help to solve the problems facing the construction industry, such as stable supply and
demand for coarse aggregate and securing standard quality.
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Table 1. Plan for supply of coarse aggregate during
2014~2018 (draft)

(unit: thousand m?)

Item 2014 | 2015 | 2016 | 2017 | 2018 | Total |Ratio
Demand | 114,007 115,152 116,270 116,682 118,078 580,189 -
Supply | 122,728| 125,338 126,842 127,357| 127,658 629,923| 100%

Total | 77,490, 79,2200 80,111 80,396 80,763 397,980 63.2%
River
Aggreg 578 591 594 599 601 2,964 0.5%
ate
Per
misH Forest
SiOnAggreg 75479 77.158 78,028 78304 78,821 387,790 61.6%
ate
Land

Aggreg| 1433 1472 1487 1493 1341 72260 1.1%

ate

Selected

Dec_Crushed
lara 45,228 46,118 46,731] 46,961 46,895 231,943| 36.8%
tiOnAggreg"1

te

% Source: Ministry of Land, Infrastructure and Transport, 5th
(2014~2018) Aggregate Supply and Demand Plan (draft), 2013

2]l 24 AL 2R F & 2 9 g
= AAX P HTable 2 ZX). o] TableoA] & 4= 50]

RE 29 A 40% n|gtolt), £3] 7F o]AkA
A=A shEAlE Rbgol 1.9%=A4 7P At

55

Table 2. Investigation amount of aggregate resources
and residual amount and composition ratio
after collection

(unit: thousand m’)

Permission
Existi Development| Collection Balance
Item aertE:;gz) Abundance| amount [Performance
(Y (1993~2013)
(B) (A-B)
Total 2,867,657 2,6374,475 17,278,346 2,611,17914,667,167
River o 647,572 283,330
Aggregate 280,881) 2,088,043 930,90 24.8% 1%
Sea 564,015 3,925,782
Aggregate 7842402 4.489.79 21.6% 26.8%
Forest 1,222,032 4,839,282
Aggregate 8184998 6061314 46894 33.0%
Land c c c N 174,949 5.621,383
Agaregate 2,586,776/ 8,259,033 5.796,33 6.7% 38.3%

% Source: Ministry of Land, Infrastructure and Transport, 5th
(2014~2018) Aggregate Supply and Demand Plan (draft), 2013
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CUBICON Single
Plus?ld], o]ZoA ARG 7hsdt FSHIEE= PLA et
WESH ABS WepHIERo ]}, ol & AFoA= PLA
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7s/dE AEYH
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Table 4. Characteristics of heat deformation of concrete

Time to
Central .
reach . Surface |Temperatur
R maximum . Crack
Ttem maximum temperaturele difference] .
temperature index
temperature o) (t) (T-1)
(hr)
Program 85 745 508 237|063
Interpretation|
Temperature| 3, 853 55.5 298 {050
measurement
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Table 5. Filament selection result

Item PLA Filament ABS Filament

Compressive
Strength

Compared to hard
sandstone 390%

Compared to hard
sandstone 564%

Heat deflection

50T 107C
Table 3. Comparison of the compressive strength of temperature
stones and filaments Melting point 150~160C 220~235C
temperature
Compressive Compa.rison of Compa}rison of Selection result x le)
Stone Type Strength PLA Filament | ABS Filament
(MPa) 94MPa 65MPa

EL d¥d oz Q- =
Basalt 70 134% 93% :I-Eh’]' ABS Iga}—t‘ﬂ_]____‘_ E}ﬁ [¢] x__Ey %’B‘\:l = [e)
Lime stone 55 171% 118% o] SHIYY %9l 260CHTt 5 yr} b 2 of
Andesite 50~80 188~117% 130~81% TFolA 3D ZAHZ AT F2 ZAE 52 sHo]
Hard sandstone 10~50 940~188% 650~130% QAEA = vy LR E AFEIYE ARREH=
Granite 80~120 117~78% 81~55% Ao| e Holgty ket AEkEgEE FO A9

& Z3AXIStol WIS et 564.0%, ABS BeEHHIEE Ht
390.0% =2 B=E 7HAAL vt ERh ATt 7Y =

2 sP3tE vlwshd, PLA WEHIEE B 97.5%,
ABS ZEHlEE B 68.0%2 F=S 7L Qich
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Table 6. Concrete mixing design

Experimental Factor Experimental Level
F (kg/cm®) 273
W/C (%) 0.45
Cq (kg/m’) 400.00
Total aggregate volume (m’) 0.66
Fine aggregate volume (m?) 0.32
Fine Aggregate amount (kg) 840.42
Coarse aggregate volume (m’) 0.34
Coarse aggregate amount (kg) 890.40

ZAA9] 371 @100mmx 200mmEZE 0.00157m’)
old], A& 74t ARAS] ARE of R met 7 3774
Z 6702 ARSI} Table 72 TAA R wigdA
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Table 7. Mixing design to produce specimens

Coarse Al Unit: g
. 1r .
S;eecrll iﬁﬁ;slump conte| W/C | S/a Fine Coarse| AeF;lt
No. |di M em) | nt | @) | %) [Water(Cemend 88" aggre- -
0. |dimension)| ©%) - ate ®
(mm) gate
AII'BAZ 35 | 8 | 7 | 45| 47 |s47s|iessotizsadissod s2
BléaBZ' 25 | 8 | 25| 45 | 49 [847.8/183403958 576017 -
3.2 A2 XN HE 2 AEH
FO T 9] AL CATIAS ARE5ta] 3DE AAR
om, o] AHA HWIZ olfst FHF2 ASS
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Fig. 1. Shape and section for each type of coarse
aggregate

Fig. 2. Coarse aggregates made with 3D printer

Table 8. Specification by type of coarse aggregate

I Coarse aggregate maximum dimension

tem

25mm | 20mm | 15mm | 10mm 5mm

Hole diameter | 155 | 5o | 50 | 50 | o0
(mm)

Hole depth (mm)| 7.0 7.5 5.0 2.5 0.0

Volume (mm?) | 7,003.1 | 33052 | 1.178.1 | 229.1 | 523.6

Weight (g) 8.4 4.0 1.4 0.2 0.6

2 249 = EXE= ARAY ARg RISHA
25mm+= 10%, 20mm<= 25%, 15mm+= 30%, 10mm
= 25%, 5Smme= 10%Qc}. Table 9= FAIA 1713 &
=A9] et S AR Aol

.

o
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Table 9. Number and weight of coarse aggregate per

specimen
Coarse aggregate maximum dimension
ftem 25mm 20mm 15mm 10mm 5mm
AE 9 ea 47 ea 160 ea | 798 ea 74 ea
Agent 63.84g 159.6g 191.5g 159.6g 63.8g
Non AE 8 ea 41 ea 138 ea | 686 ea | 110 ea
Agent 54.9g 137.2g 164.6g 137.2g 54.7g
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Fig. 4. Destroye specimen
shape

Fig. 3. Compressive
strength test sight

Table 10. Compressive strength test result

AE agent Non AE agent
Item
Al A2 A3 Bl B2 B3
Strength
(MP2) 16.04 | 17.66 | 17.78 | 14.41 1597 | 13.04
Avg.
(MPa) 17.16 14.47
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