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Study on interface enhancement and static-dynamic failure behavior of
3D-printed concrete

ZHOU Jiehang, DU Longyu, LAI Jianzhong, YIN Xuexiang
(School of Materials Science and Engineering, Nanjing University of Science and Technology,
Nanjing 210094, China)

Abstract: The mechanical properties of 3D printed concrete are mainly affected by the interfaces formed during the
3D printing process. The failure process of 3D printed interfaces under static and dynamic loads is investigated in this
study, and the effects of 3D printing processes on the mechanical properties of 3D printed concrete are revealed. It is
found through splitting tests that cracks initiate at the interfaces of 3D printed concrete with good interface quality
during splitting, yet do not propagate along the interfaces. Compression tests indicate that the closer the interfaces are
to the specimen edges, the lower the compressive strength. Low-velocity impact tests show that the crack absorption

energy of 3D printed concrete is determined by printing quality, while the failure absorption energy depends on the

material strength and reinforcing materials.
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Tab.1 Proportion of 3D printed concrete

BeBEH kgm
i ‘ PR gem KB BB BOKA/kem BB /kgm
KIE BB Veyis TR ik
3D1 440 290 270 0 0 0.3 1.2 0 0.2
3D2 350 0 0 200 450 0.2 1 1.7 0.2
IR SIS BT F G S A AR R B B AT 4 K 2 iii;;::;
420 mm, HAE 14~16 pm, 3445 & 72 GPa, fudi —— , --“'-.'
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0 3D T E I B 36 0 b AT SR Ak .l 1 B 11 a@E|Mamo"
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Fig. 1 Fiber mesh
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Fig. 3 Structural differences of 3D-printed specimens

caused by cutting variations
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Fig. 4 Four 3D printed filaments sample structure
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Fig. 5 Sample reinforced by fiber mesh
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Tab.2 Samples for splitting tests

HivT  FTEDSEYE/mm 4TEDJZE/mm sk 7 =
#1 30 15 2= H

£2 30 15 Z i A4
#3 30 15 P BT
4 30 15 1% £F et
5 30 20 EyE

%6 30 20 ZECE A4
#7 30 20 B FH AT M
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£9 25 15 2= H

#10 25 20 2

£11 35 15 A
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Fig. 6 Calculation method for coincidence degree
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Fig. 7 Test method for 3D printed interface strength
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Tab. 3 Compression test samples of 3D printed concrete

YT At R

#12 50 mm X 50 mm X 50 mm
#13 60 mm X 60 mm X 60 mm
#14 70 mm X 70 mm X 70 mm
#15 80 mm X 80 mm X 80 mm
=16 90 mm X 90 mm X 90 mm
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e vp o AT 1 B IR U 28 Ok T AR i B A
TEIRIX 53, R H T 38 A i i v o 3 EE 1) 7 v BEA T IR
Iy, EESImEs HE 8 s, AL s L BRI
Bk, ANERAY B AR K 65 mm, BT 8 A 1 kg, SHUME
J3 PVC 28, K 1200 mm, H 424 100 mm. #4E
WOl T B4R A 100 mm 1Y 8 B R 3 FT AR,
5 5P E R B0, 0Bk w] 5E M dr v E] — 67 B
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Fig. 8 Equipment for drop weight test on 3D printed
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Fig. 9 Criteria for judging crack initiation and failure
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Tab.4 Samples for dropping-weight test

a5 R RKEEEmfrE BETE &S
#17 3D1 b5 3DFTEN  H-O
#18 3D2 b 3DITEN  Z-O
#19 3Dl 1% BEEELF4EsRiL  3DATEN W-O
#20 3D2 1% HEEELF4ERRAL  3DATEN T-O
#21 3D1 7 i) H-M
#22 3D2 I BesR Z-M
#23 3D2 1% BEESAF4ERRA PR W-M
#24 3D2 1% BEESLF4ERRA PR T-M

3 HFRESMH

3.1 BRILBLER
3.1.1 2 R mEE

i 10 r 7R, 3D FT D JR e - 1 2 1) A T 0
BT A8 M. 25-15 400 )2 18] 5L 1 5 B2 45
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Fig. 10 Relationship between coincidence degree and

interlayer interface strength
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Fig. 11 Failure modes of interlayer interface

X AW 2 e) B ) R B N HL B T
HE B SR . XA R R RARVIR S AEJZ )
S AR A H Y R R e BERR R, RGE R B R AR
B N 3 B R T 3D AT RV IR BE - v ke 89 )% )
e, XA R i ) 3R 1) 35 B AL T 1] K B T AN
U A ST DI R J o RS T R A R
&, B A 300 2 vh bR 45 2 0 Bk P A TR 3R
X7 AR RO 3 55— 07 5 2L
TORPREZ 18] 5T 5 BE R R

P 12 5735, 224 4 ) £F 2 190 F 4 2 2 i Ak DY 4T
V25 AF S bR J2 1) ST o i R . Sk
05, 0 28 2 4 % 556 1 77 oAb 1 8 R e i,
WM ZREFUEN , BRI O B REAF 4E 9 . #E 30-15
ZH R, BRI )2 ) S T i AE A B R AR 4R L
RGN 2R e g oAb G 1e TH 17 162%0,22%
F131% s FERTAY 75 30-20 2, 41 ) 25 5t 4k T+ B
B RE )2 ) BT R A T A AR A T 37% .
419 FNAT Y% 45 30-20 41 B )2 [a) S Ta] 5 B AT AR 0
it 30-154 . X UEH] T IR INEF 4k 9 B IR N 4 4T 4
A5 R F T 5 B BE 0 {H Y 2 ) ST A2 6% 5L
B, TS ISR AL R R 2 B 3

8 E2330-15
Z230-20
6F 5.75
S50 5.35
T 4.37 4.41 4.52 74
] . 4
| - N

)2 ) Y1 5% /M Pa

_

%
_
-
.

H
i,
&
&
&

M KLY
LN

12 AEEEFXTHEEFHEEE

Fig. 12 Interlayer interface strength under different

HE

reinforcement methods
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Fig. 13 Interlayer interface failure modes of samples
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Fig. 14 Load-displacement curves of interlayer interface
splitting test
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Fig. 15 Relationship between coincidence degree and

inter-filament interface strength
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Fig. 16 Failure modes of inter-filament interfaces under

different coincidence degrees
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test results vs. theoretical values
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Fig. 21 Randomly developed cracks in 3D-printed

concrete after cracking
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Fig. 22 Effect of fiber on drop weight test results
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