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Compressive Strength of Lightweight Concrete
Using 3D Printed Lattice Lightweight Aggregate

Kwang-Min Park', Kyung-Sung Min', Young-Sook Roh”
!Construction Technology Research Center, Korea Conformity Laboratories
’Department of Architectural Engineering, Seoul National University of Science and Technology

2 o FYBAE EYT AFBA TAYEL AFTRE BYIL Pt PHOE A&H 0 S87t 7L
otk 018 949 AYBAS I B34 HU Sk Wclo] A, £ B34 3D 2GR A 2P0 A%
FEAE sl AFBARA) BEHL AESHE AL BHE Yo B4 FR0) 12 2aelE Uk U FHYE
& 0] Sio] Uit $e 2, R oL SHE W AZATEA, PRIl 1 3 2 3D 2ed 27
72 YIS 434 U109 AYIAS LI 4 A%, WY 22927 Y= 22 m’, S
45.9 MPagl 2t ¥listol, 3D ZAY A4PE AYBAS A8 TAUEE TE 1.7 ¢m’, YSYE 467 MPao]
TR B0 B YEFEAA Wt 217 % FAsH L3S AN Bepd 3D ZAY ARTE 3
FTAS AYRAAEC] AST 5 Uk AL AL FF 3D ZAY AN FOTA F A % Y AES
AZH ALoIA BN Agolxt,

O

rEz ﬂ& r{

Abstract The demand for lightweight aggregate concrete is continuously increasing due to its advantage
of reducing the building's weight. Therefore, stable supply and standard quality of lightweight aggregate
are necessary. This study examined the applicability of a lightweight aggregate in concrete making by
manufacturing a lightweight and high-strength lattice structure out of it by 3D printing. Later, the
density and compressive strength of the concretes made of natural crushed, artificial lightweight, bottom
ash lightweight, and 3D printed lattice structure lightweight aggregates were measured. This
measurement showed that the 3D printed lattice structure lightweight aggregate concrete exhibited a
density of 1.7 t/m® and compressive strength of 46.7 MPa. On the other hand, the natural crushed
aggregate concrete had a density of 2.2 t/m> and compressive strength of 45.9 MPa. Likewise, the density
of the concrete decreased by 21.7 % for the same compressive strength while using a 3D printed lattice
structure lightweight aggregate instead of the natural crushed aggregate. Therefore, the 3D printed
lattice structure lightweight aggregate can be used to make lightweight concrete. The mass production
and economic feasibility of the 3D printed lattice structure lightweight aggregate will be studied in the
future.
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Table 1. Mixing design to produce concrete specimens
Unit weight (kg/m’)
Spec it W/B o Sp
pecimen items. (%) Water mdaer Fine Coarse (Binderx%)
Cement Fly ash aggregate aggregate
Con_NCA 886
LWC_ALA 563
40 180 360 90 725 1.2
LWC_BA 545
LWC_3DLLA 344

Con:Conrete, LWC:Lightweight concrete, NCA:Natural crushed aggregate, ALA:Artificial lightweight aggregates, BA:Bottom ash aggregate,

3DLLA:3D printed lattice lightweight aggregate

11



A7 &5E =R A A23d A4Z, 2022

AP, 232 E ZFAZ KS L 52019] 15 HEEL
EW= AHE(Ordinary portland cement) ¥ KS F
54059] 2% Z2tolofA(Fly ash)E ARt AHE W=
2 v EAALS 217 3,150 kg/m’® D 3,300 em?/golTh
EetolofjA] Ui 9 wlEAAL 7247k 2.350 kg/m’ @
3,550 cm®/gelth. FEAHE YW 2.600 g/em® FANE:
ARE-3TE.

F2EAE Ad8Qlez HHsta, dvt FEIA
(Natural crushed aggregate, NCA), B}EojA] & &
AE 78 Q335 Z AN Artificial lightweight aggregates,
ALA)O], Lol ABAkE HiglofjA] AT AFEA
(Bottom ash aggregate, BA) ¥ 3D ZHY ZARLZX
AFZABD printed lattice lightweight aggregate,
3DLLAYE ARSI

Table 2. Physical properties of aggregate used

Asgregate type Densi'gy Fineness Wa'.ter
(g/cm’) modulus absorption (%)
NCA 2.65 6.78 0.9
ALA 1.65 7.11 9.1
BA 1.60 7.23 10.1
3DLLA 1.01 6.95 0.1

NCA:Natural crushed aggregate, ALA:Artificial lightweight aggregates,
BA:Bottom ash aggregate, 3DLLA:3D printed lattice lightweight
aggregate

. Type of coarse aggregate
(a) Natural crushed aggregate (b) Artificial lightweight
aggregates (c) Bottom ash aggregate (d) 3D printed
lattice lightweight aggregate
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Fig. 2. Yield force of different lattice structure types
with a relative density of 0.3 and 3 x 3 x 3
pattern [10].

(a)

(b

Fig. 3. Shape of 3D printed lattice lightweight aggregate
(a) Unit cell (b) Lattice structure
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4. Situation after aggregate crushing test
(a) Test method process (b) Natural crushed aggregate
(c) Artificial lightweight aggregates (d) Bottom ash
aggregate (e) 3D printed lattice lightweight aggregate
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Table 3. Physical properties of concrete

Densit Compressive strength
1
Type (t/m;,)y (MPa)
7 days 28 days
Con_NCA 2.2 34.6 45.9
LWC_ALA 1.8 33.9 40.0
LWC_BA 1.8 31.5 36.0
LWC_3DLLA 1.7 35.8 46.7
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Fig. 7. Compressive strength of concrete



Fig. 8. Fracture of concrete

(a) Using natural crushed aggregate (b) Using artificial lightweight aggregates
(c) Using bottom ash aggregate (d) Using 3D printed lattice lightweight aggregate
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