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Shrinkage Characteristic of Cementitious Composite Materials for Additive
Manufacturing

Hojae Lee'™, Ki-Hoon Kim®, Byeong-Hyun Yoo®, Won-Woo Kim?, Jae-Heum Moon’

Abstract: In the present study is focused on the evaluation of the shrinkage characteristics of mix proportion using viscosity agent for printing. Also,
another purpose is to compare the shrinkage properties of the mold cast specimen with the additive manufactured specimen using 3D printing
techniques. Viscosity agent makes the shrinkage was reduced by an average of 25% (as of 56 days) compared to the reference mix. The effects of reduced
shrinkage were also founded, with a reduction of about 15% (as of 28 days).As a result of evaluating the shrinkage using the additive manufactured
specimen and the mold cast specimen prepared by the printing mix, the shrinkage of the additive manufactured specimen was reduced by about 25%
(based on 28 days). Based on the results of this study, it is possible to predict the shrinkage rate and the occurrence of cracks due to shrinkage on the
printing of cement-based composite materials using 3D printing.
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Fig. 1 Extrudability and buildability test
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Printing 28 70 20 10 232 580 166 83 1146 8.29 0.2% of binder weight
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Fig. 2 Total shrinkage measurement method
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Fig. 3 Specimens for shrinkage measurement (mold casted specimen
- left, additive manufactured specimen — right)

Ao A& ol g-3ke] 270e] layere] 2t Fboll 1314 Zick
FENPE ZPAT) A4S R 3] BEA P

A 270, AF AR 374 E ARsle] A3 w2k 2}

SA@A] A5 2709 Aol ] ZH AT BHghe AL

st oH, FEHPE A SEANLS Y- Z 20 A
AA| ] Bt ghs o)-gste] 2R TSI
24 A==

TEHYPE SAH L AIFGAE AL A dS53=E S-S 4
3 ASTM C 10991 w2} cubic A& A (50x50x50 mm)E |
A&stath ASA A7 29 ASHE Q7o =E2H =
21 BARBHY, A5 S48 AIFAE HSA A
T 2ol A 9)7]ol =Eete] PSR YFAE S
A2 IS 33)(A= 7, 14, 28Y) S8 oM, =T 3

A 3% 3'3}04 I B3 AMSsiath A E S
+ 0.3 MPa/secS A -&3}53th

é

[l

31 ZE % B 2AE

t
3.1.1 OPC
KS L 52019 w2} A3A S B3 A3} ¥]53.13 glem’,
H| W2 8-3 542 cm?/g, 5734 /\] HE] =7 == A& o
w2} 392} 23.3 MPa, 7€} 36.6
2 UERRth AT g 2 % 2631, AL 360%
° 2 HrtEA

3.1.2 Fly Ash

KS L 54059 whe} E2fo] oAl 2413F9 o, Hl52.25
glem®, HIEAAE 3232 cm¥/g O & UEhgth Iz
2.9%, A= A= 28U 2 81%, 91Y2H99%01 3 F3h= A
S = YEiTt

J. Korea Inst. Struct. Maint. Insp. 101



3.1.3 Silica Fume

A7 KS F 25679 whe} 2493 23, Si0, ol
91.3% , HIEH A 19.3 cm¥g 02 YEF O™, 45-um (No.
325) Aol \FHE UGS 4.4% 0 F LERTY

3.1.4 Z-=A)

ZHEEAE KS F 25040 metA] 58S Hriet 2
1.20% #3011, 2717} 0.16~0.20 mm, THLE 2.59 g/em’
2 EAFQITE KSF 251190 w2t0.08 mm | &3-S 37}
3k A3 SRS 0.7%E 1.0% Rk BA yeh} 7|&=S 1t
=3t 21 0 & UENST.

A5, 712 Te] SR E v E 98 $F5H7HE Al
A A=Al 18](1st trial), EEAGA 2} ASAI A 2] =
HEE W E A A GA| A2} A| 23](2nd trial) A @A E A
zZhstgom, 1 S EE vt

0] A, 7Y AEe 138 AlE Al B 23] Al Al g
Al °F8 MPa B & T &=A| UER oW 1492} 5+ 0.2 MPa
o] 2 A2l FY3HA JESTE 28Y 35+ 132168.89 MPa,
22}70.77 MPaE x}o]7}2 MPa o] 2 & 5 o] 553 5
o A=r HEEE AL FASE V= 2w

9] et e = AAI71E} 52 60 MPaS B THEsh= A

O-

90
7 days 14 days 28 days
80

70

60
50
40
30
20
10

0

Reference mix

Compressive strength (MPa)

Printing mix(1st trial) Printing mix(2nd trial)
Mix type

Fig. 4 Compressive strength
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Table 2 Shrinkage result and decreasing rate by viscosity agent

Total shrinkage Sealed shrinkage
Days Reference mix Viscosity agent mix Decreasing rate Reference mix ~ Viscosity agent mix Decreasing rate
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Fig. 6 Shrinkage result(viscosity agent mix)
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Fig. 7 Shrinkage result(mold casted and printed specimens)
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