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Abstract

3D printing technology for construction, as a core support of intelligent construction, based on the prin-
ciple of “layer-by-layer stacking”, has significant advantages in improving construction efficiency,
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reducing resource consumption, and controlling carbon emissions, making it an important path for the
transformation and upgrading of the construction industry. This paper reviews the development back-
ground, current applications, and research progress of this technology, with a focus on key achieve-
ments in extrusion-based concrete 3D printing and 3D printing of Engineered Cementitious Composite
(ECC). The 3D printing of concrete technology has been applied in residential buildings and bridges,
where the core is to optimize material mix ratios and process parameters to meet performance re-
quirements such as pumpability and constructability, while also paying attention to the mechanical
anisotropy of components. Research on 3D printing of ECC indicates that PE fibers, due to their perfor-
mance advantages, are more suitable for printing processes, allowing the preparation of materials that
combine printability with high ductility. Currently, this technology still faces challenges such as lack of
standards and limitations in material performance. In the future, through technological innovation and
coordinated development, large-scale application needs to be promoted to provide impetus for the de-
velopment of the construction industry.
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Figure 1. 3D printed scale of Big Wild Goose Pagoda
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Figure 2. 3D printed irregular components
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Figure 3. Various buildings realized by 3D printing concrete technology
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Figure 4. The world’s first 3D printed prestressed bicycle bridge
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Figure 5. Variation of stress and opening displacement with crack propagation for different cracks
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FEAHIE 2644, FTEY PVA Al ECC AEME ARG FE I8 I T-4T B PE A ECC. X2 [AN PVA £ 4R
SRKME, TIRE S BT YA 78 0 AT AR - TSR AT IR 70]: T PE 2145 057K M mT e fs 5 4k ST 1)
YUY AR AN L, 3K — [ 0 A e I vy SRS 5 R R A A PR SR R G, DA 2 AT R Ut
4h, PE 4R 4ERI TR (2500~3800 MPa) & 2 = T PVA £F-4£(800~1600 MPa) [71]. [AIt, PE £f4Ei&E AT
] £ P H 58 B Y R BE T (40~120 MPa, 3 i 53 21 =55 ) (1) ECC, 1 PVA 2848 2 F T 5558 5 ECC [72].
HTIE 24T B L 2R = AR S L, v RESZIFT ED /K 2R 2 S AR BIAL B B2 [ 73], DRI L EETF R
SR P I AT AT B ECC DA T2 R X, X tAfi75 PE £F4E7E 3D 4T EJ ECC H 2 bk, LT
S 1.

Table 1. Summary of composition and tensile properties of 3D printed ECC gelling materials

5% 1. 3D #TEN ECC BB M RIAm R HR Rt R AL

=4 YRR FYEKE(mm) FHEBE(%) HifH5EE (MPa) hif 28 1% (%) Sk R~
Soltan & Li PVA 12 2 24 2~4 H 8~13 mm
Bao A\ PVA 8 2 47~5.5 2.4~3.6 HN1% 8 mm
Yu & Leung PVA 12 2 2.5-3.5 5~6 B 2R
e N - N v
Ogura % A HDPE 6 1~1.5 4~5 1~3 (30 % 18.72 mm)
ChavesFigueiredo 1.5~2.5 0.05~0.15 SETE
EIN PVA 8 2 1.0~1.5 0.05~0.15 (40 x 10 mm)
Zhu 25\ HDPE 12 1~2 5 3.6~11.4 H4% 20 mm
Yu %A PVA 8 2 2.25~3.38 2.67~3.45  HIE(30 x 13 mm)
Zhu 25\ PVA 8 2 YIfH 3.5 YME 3.0 HHIE(30 x 13 mm)
5 12 4.67 7.5 ’
Ye &N HDPE 10/15/20 1~2 451-575 438754 PGB0 x 13 mm)
Zhou %5 A\ HDPE 12 1.5 4.9~7.0 2.0~4.2 HA 20 mm
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ik
HEH(3 x 50 mmy;
Xu %A PVA 12 0.5-1.5 2.54~3.27 0.9~6.92 5 * 50 mm;
7.5 x 20 mm;
10 x 15 mm)
Overmeir 2 A\ HDPE 8 2 2.4~3.4 0~1.5 FE(40 x 14 mm)
. 15.46 (kg/m®) $MH 4.1~5.4 ,
A ~3 15 Z
Ivaniuk % A\ HDPE 6 15.3 (kg/m’) I 47 2~3 1 2 AEFE(55 x 25 mm)
4. &g

3D FTENEARAE A HE S SO I b Tolktb . B EEHFE RO AR Z —, @B HFErIR
&, CIBEEIRRYY B M TRESE B 5 UL B G . A SCRGuhis T #40 3D FTENEAR IR &
B MABUR. T E, Rl ST AT 5 BIREE 1 3D FTENHIAR & 3D FTEN e /K i 5 &
MEHECC)MIBFFE SR, FELERWIF:

4.1. B 3D FTENHAR BB HuL 5 R F 227K

FEH 3D STEIEOREATH “rRhIiGE . BE M rEE, RISt T, 53R
MR AT AOE R R TE RR A s B, O s S s Rere. misie. 57
AR L AR EBCRIRE,  E AN R N N, ESIHORBE R 57k it
FELRENMER, HETHHAREELT 3D ITHEARCHEETERN. FRIRE. SOOI TE SR
B EPANEILE — R ARV I E , IE AR AR Bt R S S e R S T T
B/, XEESEERY], @ 3D FTENECARIF AR R gty s A, T S e AU S A AR il L
Ab, IEFEHES RS R TH 2

4.2. ETHFHARERL 3D ITER AR X RBiKRE

HAZ AL Tl I RAT BE ZE AN AR B, KB PR (Blm K S R RO8 1) E S5 B R &
. B TEHI T AT ENAPRLAG R R TR . TR ATERIEYE . R (ARG A T A R FE 2
SRED) AR PEREEOR, IR T MR PEREN X 5 PP T ik (A VE BENINC . JR DRGSR Mt )2
PEBEINIRSE). MPRVZTE, BB R B SR BB SN AP AR L, R RO 2T
PR R B S AL 5 (K Ak RE s T 2R, FTEVEAR . WSk S B, 2 [A] A R I 18] S5 00 44 F o
5 mtk B B . TREEGIE AR, SZHORERTHE TR PR S SEl A ki
R RO B, (BRI i iR R A e . A TG B A PRAE B -

4.3.3D #TEN ECC BRI 538 B

AR KB B A AT RHECC) R ELAIE 57t (1 N AR A MR AN 22 SR 48T e RE 71, i 3D 4T B EE T
J i RER At 1ORT R . 3D 4T EN ECC AR TR B, il id & BT BC & LU (Uit B A& 2T 48 L K
WS E, ACRERTEHRR), Tl RS AT 3T EE S e e Ak . B IS T PVA £F
4t 5 PE £ 4E(E 3D T ECC "IN, KIL PE A 4L AT m i pT o . s i gk, AE R
SEVERI R A AL I e B AR B, FEAE S 3D 4T BN T2 rh B2 (8] S s R RO PR RS R AU - e, FTENR
oy WERSHEE T2 BCC LRI JRIAIAE & KA A VEAT usem B2, s fefemridt—b4e
THHAERERE . BRTO AR Z S TR & vty AT ENVEIGAUE S FEAS ) A R AE, 5 8N 8L
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4.4. PDHEPBERKRE

S 3D FTENBOREUG B F HE e, (EH BN ATy I 2 Pkl —RAriEth Ruhdk, sh=i

AR BEvEy BT S AR AR AE, X IR BA IR > o B AR R AR, AT IR E |
DU HUbRUE, 456 3D TENRE RURAAT I IN 45/, k2%, IR T E% . —RMEHERER
PR, P T ENAP R TAEYEBE 5 Ak RE . T AL, TRARRBRIARIT ENFPRIL R O, 4B 3Al]
HOMSREM B Stk mtkReREe L. PgEanbiel, R A, =Ri& S T2, Wi
ITENBL 1 E BN B AR ARG BE S R TR PEAT BDRE AT, S AU 5 S 6 S 3 AT 253t Al
AR AT B S HESIE I 3D ITENASEIR PESOAR AL MRS B, 0 6.

Figure 6. Future outlook of architectural 3D printing
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