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Research Progress on 3D Printable Fiber Reinforced Concrete

YE Junhong', ZHENG Yi, YU Jiangtao"*>, YU Kequan'>, DONG Fangyuan', XIAO Jianzhuang'*
(1. College of Civil Engineering, Tongji University, Shanghai 200092, China; 2. School of Civil Engineering, Architecture and
Environment, Hubei University of Technology, Wuhan 430000, China; 3. State Key Laboratory for Disaster Reduction in Civil
Engineering, Tongji University, Shanghai 200092, China)

Abstract: 3D concrete printing is a rapid prototyping technology based on 3-dimensional building information model. 3D printing
has attracted more attention in the latest decade due to its none-framework, low labor cost and quick construction. Fiber reinforced
concrete (FRC) possesses a superior tensile property, a crack control ability, and some advantages in shapeability and cost control as
conventional concrete. 3D-FRC printing thus becomes a hot research topic. Review, recent development on 3D-FRC printing was
comprehensively represented, including, category of 3D printable FRC, workability of 3D printable FRC during printing and their
mechanical property in hardened state. In addition, the future opportunities and current challenges in 3D printable FRC technology
were also discussed.
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Table 1 Composition and mechanical property of 3D printed fiber reinforced concrete

. Fiber category, Spreading Compressive Tensile Tensile strain ~ Flexural
Author Materials ) )
length, content ~ diameter/mm strength/MPa strength/MPa capacity/% strength/MPa
Hambach!'"! Cement, silica fume, Carbon, 3 mm 83.8-87.4 20.3-119.6
water reducer
Panda!'? Fly ash, slag, micro Glass, 3/6/8 mm, 20-27 0.9-1.5 2.6-7.0
silica, fine sand, liquid 0.25%-1.00%
potassium, HPMC
Wang!"?! Cement, silica fume, Basalt, 18 mm, 29.8-39.6 3.02-5.26 3.34-6.51
fly ash, silica sand 0-0.7% (splitting
(mass fraction) strength)
Dingm] Cement, silica sand, PE, 6/12 mm, 2.13-15.09
HPMC 0-1.4%
Nematollahil"”! Fly ash, silica sand, PP, 6 mm, 134-158 13.5-35.8 6.1-8.1
alkaline solution, sodium  0.25%-1.00%
carboxymethyl cellulose
powder
Soltan”! Calcium aluminate PVA, 12 mm, 2% 23-30 3.4-5.0 2.0-3.8
cement, fly ash,
microsilica, silica flour,
nanoclay, HPMC
Bao!'®! Calcium aluminate PVA, 8 mm, 2% 24.2 47 2.4 10.8
cement, fly ash
microsilica, silica flour,
nanoclay, HPMC
Leung!"”! Cement, fly ash, silica PVA, 12 mm, 2% 16.45-19.23 1.60-3.54 1.00-5.13
sand, HPMC
Figueiredo®* ") Cement, fly ash, PVA, 8 mm, 2% 34.98-44.09 1.64-2.41 0.15-0.31 4-8
limestone powder, slag,
silica sand
Mechtcherine®  Cement, silica fume, PE, 6 mm, 133-153 5.32-5.66 0.88-3.21
fly ash, micro silica 0.3%-1.5%
Pan'®! Cement, fly ash, sand, PE, 12 mm, 155-176 4.67-5.68 3.57-11.43 3.2-19.4
HPMC, nanoclay, 1.0%-2.0%
water reducer
Yul?+23! Cement, sulfoaluminate PE, 12 mm, 144-169 36.7-53.4 4.51-4.79 438-7.54 14.4-22.0
cement, fly ash, silica 1.0%-2.0%
fume, sand, crumb
rubber, HPMC,
water reducer
Nematollahi?*>" Cement, silica fume, Steel, 3/6/13 mm, 144 70-156 6-16
Tran®® aggregate, slag, 0.25%-2.00%

HPMC, retarder

Note: Fiber content in this table refers to volume fraction unless stated.
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Table 2 Buildability for 3D printable fiber reinforced concrete

Author Material

Printer

Printed prototype

Pan'®! PE-ECC

Circle nozzle

Wang*! PVC-ECC

Screw pump

Circle nozzle

Yul?! PE-ECC

Rectangular nozzle

Li*! PE-ECC

Cavity pump

Rectangular nozzle

Sanjayan!**! UHPC

Circle nozzle

Gantry-type printer
Screw pump

Gantry-type printer

Gantry-type printer
Screw pump

Printer with robot arm

Gantry-type printer
Screw pump

Structure with single strip
(80dayers)

840 mm

595 mm
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concrete
I j;
=== ]
Yy print divection TZ.YZ
Y I

[ 4

L PN 4
2
K3 3D 4T ERiRHE T & ) ek
Fig. 3 Anisotropy in 3D printed concrete

7 [ 4
Wiy

Panda 25 IRIG 45 R K], BUIELT A iR
EELAMBHE X PR EEHERT Y. Z [, Bt
LIRFEAE Z M Ko AT BT Z [ 2 hi i), fir 4%
S5 ggER S mEE, Fi Z mPiiienE
fIX, X Shr b B2 i 2 (BDRG $258 B U8 1)
Ding Z5"BF9E 7 6 mm F1 12 mm 2 FREF4EK T .0~
1L4% G HE N 5 Fher4EiafiiB 8T, 3D 4THI PE 44
R R AR AT R N S I . A5 IRER T
ERAFRIPT SR EAE Y. Z M EER, HE X
FEBRART Y. Z ), X[EFEE TR R
593 B - Wang 26100t 3D 3T B % 54 2T 48 5 IR
P e v A N [ = [ B N SN VAN
FBTY] 4 AT, S5 SRR AT e i sk
BEhr. PUBMps e HIE Z n, SCRPUE R
FEHBLLE X [, Wang S5 LA 206 A 20k 8 &
PR AT B AR & r) Sk

L = U= fo P+ (= Son P+ (= S | fre (1)




. 2544 QEIEN=Ei )

J Chin Ceram Soc, 2021, 49(11): 2538-2548

2021 4

K L &R ARG fuo Row KB R Y
(mold-cast) IR EE LA EL S22 MR REFR PR fan frn
F2 0 BRMEHTENE X Yy Z AR )1 Re e br
L BB/, SRARPPRHT B 5 (1) & 1) e bk, HAE
N0 B IR APRT BV S 6 & ) S IR

Wang S HI15 3D 37 1 2 5 189 56 2T 4 Va8 v
PR BE R YU AP Y 9 R 1 % 1 S 1 R AL
4394 0.25, 0.46, 0.63 Fll 0.68. Yu 2242 Ixt45
A AR PE-ECC MEHTEIG P S5 A
PUBT & 1 J) B REEAT T VEARIE L. SRR,
FTEE I PUESRECE Z Mk, Y AT Z [t
LAIPLET R B TC B R, H Z [ 1R 4 AN
FERERE 1B X Y 1A DA R B PR Y A B T
ZHA(1), Yu P25 3D $TE1 PE-ECC # K}
PUE - P8 AP Y 58 B 10 % ) S M R B i o
0.19, 0.06 1 0.30,

33 RI™MK

VREE L AN R AKYE . AMINFRISER R 5y
IR BI04, AR+ B A )12 R AR R AT
N, R THERE A B TEWs . R, BE R RS
WK, TREEAEH R A PR SR AL
PL Weilbull g A4, JREE AR 55 5 Bk H
s /MR TG SR, BEE ARSI, i
TG HH I PRI 2R 1 320 T 384 0, R - 1D 5 P i 2 )N
IR E R g RS ki,

RISk, 5T 3D 4T ENLF4Edgsmimst + 1 R~ sk
PG FAT EER RS A B v B 2 T 4R
S o Yu PR R SUR BRI T sk b
N 0.34. 0.40, N 40~150 mm [¥) PE-ECC it
BB E 0. 1.0%. 2.0%), [5G XATEN 7 —it
4t N 034, FEEN 60~500 mm ] PE-ECC
DR 4B E 1.5%), 18 =53 i er 7t 75
AT ER R PE-ECC MRSHRUN. . IS4 R
Bazant J& T AR45 1t WL 77 254 HA e A RS kR g
WA RAF. Wk 4 foR, Eest Sl S FR R
B RST 2N B i o e AL IR 1.0%PE-ECC
A I IR, RAT RN B . 177 3D 4T
Ell 1.5%PE-ECC FIFEHAY 2.0%PE-ECC A F7E 334
EMTUTI TR T A s, BAEMERIR, Rk
LA B SN TR
34 [FElERbEeERE

BT 3D TENHES s MR IRIE T T2, AHAR
FIENZ 2R 5 T B 55 ST, 2 [RDRG 2 1 BE Rk
N REMFT B ) 2E M RE I B R R . Sanjayan

SEWIEIE T 50 mmx25 mmx30 mm - [KIXUZ F AR
P, FFAEERIY S mm FYI0, @l BRI
Lo = L U= e il = 1 I i
0.65 MPa. Hf[#&F} )= RS Hea FE sy 19 N iR
Kt 3D ATENMIRE RIS . Zareiyan Z515@ 5 78 2
F] 152 B T R BB AR R 3 o 2 ARG 42 .
Marchment 251 J2 3 3t 47 540 495 4 189 55 J2 18] Al
¥, W3R 3 P, (HXICRESHI T 3D TERH K
)Tt AR A2

0.1

A Mold-cqsl matrix

Mold-cast
—0.2 | 2.0%PE-ECC

Ig (6,/Bf)

—(.4 | — Bazant size effect law
A Mold-cast 1.0%PE-ECC-0.34
A Mold-cast 1.0%PE-ECC-0.40
—0.6 | o Mold-cast Matrix-0.34
07} ° Mold-cast matrix-0.40

A 3D printed 1.5%PE-ECC

05}

08 L
-1.5-12-1.9-06-03 0 03 06 09 1.2 1.51.8 2.1

lg (D/ID,)

K4 RHAUH 3D 4TE) PE-ECC R 2w ™
Fig. 4 Size effect of mold-cast and 3D printed PE-ECCH*

XA Y B VR e A RLR U, AR SR A
HZ Ak A B B B R . XIBem &)
WA 3530 A1 A 38 o VR % A RL 1) 2 TR R 22 5 B B
TR 4R e+ H I RAE T B 4F 48 5w P
REVINAYESEIRL, B NIEEROR, E4T e AR
ST RS PR R A 1 s M oA, HEURPHAT T2
[B) ST o ZF4EAE 2 (8] L0 ARG BIMF A E H - 14T PES
PP S5 ME A4k, 7EFT Bk FEXE LASEILE W) 430
TRk - B4 R P B 1 £F 4 vT DATE J2 18] T R M 2 1R
IR, mT LA BRI Z B RS VE T . Yu 250
73 PE-ECC AT EIIAfF IR #2984 1.36 MPa,
Nematollahi Z£USH 15 PP 2 4 1 3 Hb 52 450 7 ER
PERIREHERRE A 1.7~3.1 MPa. Le %4775 PP 2F
YEXG R VR L S ARG R 2 2.3 MPa, FfREA
J2 [A)HT BV 1] (] BE 38 i FRAG, 4RIk A 7 d
I, HORETR R MARIA R T 0.7 MPa. Li Z5P13 R
Zarejyan H177{E{E PE-ECC JZ[a1% & i, #t—2
Hi3Eag 7 3D $TE) PE-ECC )2 ARG EEERE, FHXT
G W R ERE AT T VRN AL, S5 SRR R A
ECTE B B BN A s TR R T
7RI 3 2 B



49 HH 11

W S 3D T ENET YRS 55 IR A AR FU0E R .+ 2545 -

R3 EERERMRERATTE
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Author Enhancing Method
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