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Ultrasonic Characterization and
Analysis of Interface Properties in 3D
Printed Concrete

QI Cheng, WU Yugqing, ZHU Peng, ZHI Peng

(College of Civil Engineering,
200092, China)

Tongji University, Shanghai

Abstract: In order to investigate the impact of interface
bonding performance on the non-destructive testing of 3D
printed concrete (3DPC) , concrete specimens with
different layer counts and time intervals were printed and
subjected to non-destructive testing using ultrasonic
equipment. Additionally, splitting tests were conducted to
determine the interfacial bond strength of 3DPC. It is
shown that 3DPC exhibits slower wave propagation
speeds and smaller amplitudes compared to cast concrete.
Moreover, with the increase in the number of printed
layers and time intervals, the amplitude attenuation also
increases. Amplitude attenuation can be attributed to
the

transmission between the transducer and the specimen,

three parts: loss caused by ultrasonic wave
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the along-path loss of concrete height, and the loss
caused by the printed interface layer. The ultrasonic wave
amplitude of 3DPC is significantly lower compared to cast
concrete, as the number of printed layers increases, the
interface bond strength of 3DPC initially increases and
then decreases, showing a linear relationship with the

amplitude loss.

Keywords: 3D printed concrete (3DPC); non-destructive

testing; interface properties; ultrasonic wave
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Tab.2 Specimen information
S n S =5 T %/ mm SebrEE/ mm FTERIEIFE/ min
C-10 100 100 0
C-30 300 300 0
3D-5-0 5) 4 50 48 0
3D-6-0 6 5 60 57 0
3D-7-0 7 6 70 62 0
3D-8-0 8 7 80 76 0
3D-9-0 9 8 90 82 0
3D-10-0 10 9 100 95 0
3D-10-0.5 10 9 100 92 0.5
3D-10-1.0 10 9 100 89 1.0
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Fig.1 3D printing equipment
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Fig.2 Ultrasonic testing
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Fig.3 Attenuation of ultrasonic wave amplitude
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Tab.3 Experimental results
g 7/ ps PR/ (kmes ™) WiiF/dB R AR E/ MPa
C-10 24.1 4.27 149. 56 2.66
C-30 73.2 4.10 147.71 2.66
3D-5-0 12.8 3.75 136.82 1.28
3D-6-0 15.0 3.80 135.45 1.48
3D-7-0 16.1 3.85 135.31 1.67
3D-8-0 20. 3 3.74 134. 88 1.73
3D-9-0 22.7 3.61 130. 50 1.65
3D-10-0 24.4 3.89 127.79 1.53
3D-10-0.5 24.3 3.79 124. 10 0.81
3D-10-1.0 24.0 3.71 121.71 0.68
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Fig.4 Wave amplitude and interlayer bond strength

as a function of printing layer number



%2

F O, A 3D ITENIREE L FHEERR B R AR 5 23T 227

BESUAIG 45 R o, 3DPC Y S R 450 B 52 )2
BOLI o HTENZ BN 5382 S i, 5 4%
560 J3E B S RS 4 5k o SR, AT B2 O 8 31
INZE 10 J5 , ST B4 5 BTG [, W1 152
T 3DPC Y ST BEZ5 PERE . Zhang 55 R ] 7k
FLEARISFTENGE AL 25 B = LB R A AT E . 45
R AR LZ AR Z SR AL B A T R ]
JZ, SRR RA R R, OO A JEE

— 7R T N BB, 2R R R

3 3DPC#ERMER

3.1 HEEIFIA
FERFSY 3DPC Fif )2 i FLBR 25 #4 B, 38 8 R
X-CT HEARNFLBEIA TR BIFAL G . X TFRALF=8)
5% K ALBRIE S RS A ES , ) 75 L5 Bl PR
TR ) SEM #E TR B 0B . A BRI, 3DPC
S A WA LB . X EefLER AT RE R AR
() AN FL IR ZH K , 1 PT BE Hh 224~ FH B3 3 1 /NFL B
RV BRI RS, I 2 I ARTEA 3
SRR LIREE 2 B S . Ak, S 2 i K
Gy TE RS FLBR 45 44 BT S S B, 1AL BR 2544
(AR B 3 o SCRE MR K A AR i A o FLBR S #4 11)

FAAE S E3DPC S B4 PERETEZZ N |32 3]\
FH R, X —FHAEAE A5 3DPC 8 A5 A I 75 25 45 1%

%/mf}’{{w{%iiﬁfﬂiﬁliﬁﬂ g Al Rl i
CERENPS {5

3DPC Gt 2 s 2 WK 5. FEFTENSE—)2
TREE 5, DERIR e+ e i i T b, 2 IR A
2 (IR R WREE AR ) Y RZ R, KAk O 2L 72 T R 5 Y
ERIREE LA AR . TR 2 R R, R R )2
TREE 1Y KAk SO T REAZ B — o A2 B 094 ], 93K
TR R = D00 PRI X6 s A B B 1T DR 1 75 KR, K
AN AT RE TN 7843, W] Sa I o 2 J 22T E
T AITER FEE I FEFRAEHTS Ko AT, 7
HALBREEA T A, 4 & 5b R o R, i dh 2
AR EE+ | S)2 IR IR EE - DL KT A i LR 4
FALFRIZL A T 3DPC BHifiJZ . 242 IR GE
W R A AR 22 5, DL 7R D AR AR 2 )2
it 2 A — o R A 0 R U o

7 L&A FLBR LA K BT 2 A B[R] Y 52
FE TR PR U 2R A S 5 AR PR ARAR B T JE AAE
F 25 SN [RITR BE A7 B4 B 265 ST 88 7 i
LT IZIE A BT A A I Y SO S A T R R

5 N N NN N VR

_Wﬂf
Bl ,. '. .o o ‘. . . 5 o 5
e - ¢« LA e
AL o R
a ZERAEFI T W91 2 T

‘® 4 9. L
R '
“ﬁ@:
Yt ‘ e
s Y o .. ® . 4 DY I

Ex?L ALEREH » Bk}
b ZJZEEIER T i S i
E5 3DPCHREEFEMKITRE
Fig.5 Formation process of the interlayer in 3D

printed concrete
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Tab.4 Wave amplitude loss at the interlayer

Ao+
WSS AaTAY  AJ/dB 1—1L, 1— L.
dB

C-10 1.000 0 1.000 0
3D-50 150. 04 13.22 0.2181 0.6834
3D-6-0 149. 96 14.51 0.1882 0.716 0
3D-7-0 149. 91 14. 60 0.186 1 0.7556
3D-8-0 149. 78 14.90 0.179 8 0.7826
3D-9-0 149.73 19.23 0.109 3 0.758 3
3D-10-0 149. 61 21.82 0.081 1 0.756 5
3D-10-0.5 149. 63 25.53 0.0528 0.7213
3D-10-1.0 149. 66 27.95 0.0400 0.699 4
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Fig.6 Relationship between average wave

amplitude loss and interlayer bond strength

3.4 FTENEIBRH T

TR 2SOk, M2 522 00
FETEFTEN I o FT B[] b i A )22 18] 55 7K SRERAIK , i

AU TR T Ty

i T XHEEE - SEA TSR TER AR, 3B 43 FTER T
B2 WP 4 0.5.1. 0 min H)ZE08 10 ik, X 7
T 266 445 90 B IO, 43937535 0. 81.0. 68 MPa. #H
X T ESLAT A4, 4TERRIFE A 0. 5.1, 0 min il {4
F1%) S T Aot 5t o A AR KRR B B FAAG . 3. 2. 34
T 2, 0T LA T A B R 2 T BT s ) D
IR o (EARER S, M 3. 3 WA s A =0If
AN BEAR G- b Ak B A T R A SR . YT R[] P K
B, U RIS A T e, T AT R G T R BB
DRI, T AN Ay A 1 2 45 5 O R B Py 1 J2 AL
B prs il f I 7 Rl 0L xRSt IREE - FTER ]
B% 4 0. 5. 1. 0 min B, S &G 45 58 2 O g — 3, ¥
2.66 MPa,

307 :
R*=08789 (552> ¢

25
r:ﬁ 20
Em 1.5+
<10t

05F

1.00

0.70

BE7 EERITEERRIERAMAEREREXR

Fig.7 Relationship between wave amplitude loss

and interlayer bond strength considering

printing time interval

WEEs, B gk e ] LR R
—=—1.744+4.41(1—L,.)— 2.58+

2.56(1—L,. )t 200
YAFAEATEN B R S JZ R BE LK i 28 k%
SR BE - B Al i B A . SR XA L
X P A 336 01 AN BEURR, FT ] R 2 20 SDPC 3%
T 7K 73 KA 1) 2 RS o 72 A, DT AR AR
MR S T RS PR RE

4 g

(1) 3DPC $ifi 2 255 i e i 1A% 38, I &
A PR S 55 3 5 (o R R BRI

(2) JT U0k 00 %) YRR TEE - 5 ARG Iy s X LA A R
J; FHT 3DPC, 1 35 105 i 458 2 ARSI 72 D o 35
T R A R ) OGN . AL, BT T ST
W45 2% 1) 3DPC 8 75 I TC A A N ASE 78 - S T ¢
T 255 45 508 110 R R AF

(3) H SR L0 3DPC 1Y AL Bh4sPEfE , xF
FHTENE B (5~7) Al =5 (9~10) 1Y 3DPC, A
RS L 8 R MBI . FE IR 450 i B
M 37 17 305 P A 45 AR P 280 4 o R sy, 0k R 6 2
AN FhESDRIE S I IR 2 R AR OCOE R

(4) SR R FT B (] B HE I Sk FAIK SDPC 4 F il
FHEEDR L | 8 75 %) 2O T B (] AN gk .
HE T ER AL , T LAAR G-H 2 ~7 8 i 40 2 — B 1 A
C iU

{EE STk A -
F R, MR A FR S A TSRS B
ST AR RIS AR R
AW WE AR S
B, s

2 £ X #f:

[1]  ZHANGJ, WANG J, DONG S, ez al. A review of the current
progress and application of 3D printed concrete [J].
Composites, Part A: Applied Science and Manufacturing,
2019, 125: 105533.

[2] TOBIALM, OMARS A, YEHIA Z, et al. Cost viability of
3D printed house in UK[J]. IOP Conference Series: Materials
Science and Engineering, 2018, 319: 012061.

[3] LIUS, HE Z, HU L. Interface adhesion of fresh-on-fresh cast
ultra-high performance concrete-normal concrete: effect and
mechanism of pour delay and ambient humidity [J]. Journal of
Building Engineering, 2023, 78: 107679.

[4] DING T, XIAO J, MECHTCHERINE V. Microstructure and

mechanical properties of interlayer regions in extrusion-based



230 6 3 2 2 (A 28 B 2% ) 55 54 %
3D printed concrete: a critical review [J]. Cement and Concrete Research, 2020, 138: 106220.
Composites, 2023, 141: 105154. [17] SHENY, LIN L, WEI S, ez al. Research on the preparation

[5] PANDA B, CHANDRA P S, JEN T M. Anisotropic and mechanical properties of solidified 3d printed concrete
mechanical performance of 3D printed fiber reinforced materials[ J]. Buildings, 2022, 12(12) : 2264.
sustainable construction material [J]. Materials Letters, 2017, [18] PANDA B, TAN M J. Experimental study on mix proportion
209: 146. and fresh properties of fly ash based geopolymer for 3D concrete

[6] XIAO J, LIU H, DING T. Finite element analysis on the printing[ J]. Ceramics International , 2018, 44(9): 10258.
anisotropic behavior of 3D printed concrete under compression [19] PANDA B, PAUL S C, MOHAMED N A N, e al.
and flexure[J]. Additive Manufacturing, 2021, 39: 101712. Measurement of tensile bond strength of 3D printed geopolymer

[7] CHEN W, GUAN Y, ZHU B, et al. Influence of extruded mortar[ J]. Measurement, 2018, 113: 108.
strip shape and dimension on the mechanical properties and pore [20] ROUSSEL N. Rheological requirements for printable concretes
characteristics of 3D printed geopolymer concrete [J]. [J]. Cement and Concrete Research, 2018, 112: 76.
Construction and Building Materials, 2025, 464 : 140176. [21] ROUSSEL N, OVARLEZ G, GARRAULT S, et al. The

[8] MECHTCHERINE V, BOS F P, PERROT A, et al. origins of thixotropy of fresh cement pastes [J]. Cement and
Extrusion-based additive manufacturing with cement-based Concrete Research, 2012, 42(1): 148.
materials: production steps, processes, and their underlying [22] TAY Y W D, PANDA B, PAUL S C, et al. 3D printing
physics-a review [J]. Cement and Concrete Research, 2020, trends in building and construction industry: a review [J].
132: 106037. Virtual and Physical Prototyping, 2017, 12(3): 261.

[9] REINOLD J, NERELLA V N, MECHTCHERINE V, et al. [23] ZAREIYAN B, KHOSHNEVIS B. Effects of interlocking on
Extrusion process simulation and layer shape prediction during interlayer adhesion and strength of structures in 3D printing of
3D-concrete-printing using the particle finite element method concrete[J]. Automation in Construction, 2017, 83: 212.

[J]. Automation in Construction, 2022, 136: 104173. [24] SANJAYANJ G, NEMATOLLAHI B, XIA M, et al. Effect

[10] VANTYGHEM G, DE CORTE W, SHAKOUR E, et al. of surface moisture on inter-layer strength of 3D printed concrete
3D printing of a post-tensioned concrete girder designed by [J]. Construction and Building Materials, 2018, 172: 468.
topology optimization [J]. Automation in Construction, 2020, [25] KEITA E, BESSAIES-BEY H, ZUO W, e al. Weak bond
112: 103084. strength between successive layers in extrusion-based additive

[11] LIU H, XIAO J, DING T. Flexural performance of 3D- manufacturing: measurement and physical origin [J]. Cement
printed composite beams with ECC and recycled fine aggregate and Concrete Research, 2019, 123: 105787.
concrete: experimental and numerical analysis [J]. Engineering [26] WOLFS R J M, BOS F P, SALET T A M. Hardened
Structures, 2023, 283: 115865. properties of 3D printed concrete: the influence of process

[12] SAHIN H G, MARDANI A. How does rheological behaviour parameters on interlayer adhesion [J]. Cement and Concrete
affect the interlayer-bonding strength of 3DPC mixtures? [J]. Research, 2019, 119: 132.

Journal of Adhesion Science and Technology, 2024, 38(9) : [27] KRUGER J, ZERANKA S, VAN ZIL G. 3D concrete
1353. printing: a lower bound analytical model for buildability

[13] WANG L, YANG Y, YAO L, et al. Interfacial bonding performance quantification [J]. Automation in Construction,
properties of 3D printed permanent formwork with the post- 2019, 106: 102904.
casted concrete [J]. Cement and Concrete Composites, 2022, [28] ZHANG Y, QIAO H, QIAN R, et al. Relationship between
128: 104457. water transport behaviour and interlayer voids of 3D printed

[14] ZHANG Y, YANG L, QIAN R, e/ al. Interlayer adhesion of concrete [J]. Construction and Building Materials, 2022, 326:
3D printed concrete: influence of layer stacked vertically [J]. 126731.

Construction and Building Materials, 2023, 399: 132424. [29] MARCHMENT T, SANJAYAN J, XIA M. Method of

[15] TIANJ, WU X, ZHENG Y, et al. Investigation of interface enhancing interlayer bond strength in construction scale 3D
shear properties and mechanical model between ECC and printing with mortar by effective bond area amplification [J].
concrete [J]. Construction and Building Materials, 2019, Materials &. Design, 2019, 169: 107684.

223: 12. [30] ACI Committee 228. Nondestructive test methods for

[16] GENG Z, SHE W, ZUO W, et al. Layer-interface properties evaluation of concrete in structures [R]. Farmington Hills:

dual

micromechanical characterization [J]. Cement and Concrete

in 3D printed concrete: hierarchical  structure and

American Concrete Institute, 2013.



