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Abstract: The mechanical properties of 3D printed fiber-
reinforced concrete with recycled aggregate show
significant anisotropy, which is closely related to meso-

pore structure and interface region. Based on the
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visualization analysis of 3D printing concrete samples by
computed tomography(CT) , the porosity of 3D printed
recycled concrete samples is ellipsoidal. The average pore
of 3D printed

significantly lower than that of mold-casted samples. The

compactness recycled concrete is
addition of polyethylene fiber and basalt fiber leads to the
decrease of the mean compactness. Meanwhile, the ratio
of pore length and Z-axis in 3D printed recycled concrete
samples is as high as 58.0 % at orientations between 60°to
90° , which is much higher than that of mold-casted
samples with the same mixture. Fiber addition also affects
the pore orientation of 3D printed recycled concrete. The
in the wvertical to Z axis has increased for
fiber
specimens, while that has decreased for basalt fiber 3D

pore

polyethylene 3D printing recycled concrete

printing recycled concrete specimens.

Key words: 3D printed concrete; fiber-reinforced

recycled  concrete; pore structure; anisotropic

characteristics

B ST 3D ST ENHA A P & e F 2 A
3D ITENIRBE - MR e 32 i . H Al i
T TERRLRL K P T 1k 50 20~60 26, Bk i T
G R HUREE L . i, 3D ITENREE - H A RIK
BTG RVEAIAA A AR BRI R SR
A0 IO PR AR I e, T AT i [ I ] ) 2
MRS A . P, 3D FTENEOR 5 FAE R 45
BN AR — 2D 5 3D FTENR BE + IR B FI 2 3%
B CHE . SRR, O T s 3D ITENREE -
(715 VERE , BT T K 3D T ENIRBE - 27 4k
SRITIHIAY T AR . HILPEE XA L4 RN AT
4E(PP) " HIR IR EF 4t (PE) 45 Z R - 4E b RS 2]
TN Z BRI .

SEN S

5



5% 12

#h 4,5F  3D FTENET R R A FORRRBE L ALBRE5 15 ) 1g

1835

FEST 3D T B R 2 4T BN b i T Bk Bt
e e OB A1 T B2 BRI i 5
PR RS o 3D 3T ENTRBE L iUk B BT R Bt 47 o B2
W3l I TR R BC & e pe SalRE ™ o R, 32 31 M
BUST TR0, 3D ATENIREE - 1A P RE 2 B
T E 1A ) SEVERRIE . Ma S IR R, Xm0y
li) 3 LT R T BN T 1) B FE BT I 9 B 24 O 6. 51
MPa, A K47 T ER TS o) B o B 09 24 . 1%
BT BRI LG R ], AR A B THTEN DT 1], AT
TATERT5 10 B R H) T 5y i A BLl AL . 3D AT
EMIRBE L 1A VERE A S5 AL AN 1) SRRl 5 AL
AL S ST X UIAROC o B A A S B
3D 3T EfVJZ 18] 5 7 DX IR £L Bt AR AR Ay B A £L
BURIEE &, —H 2P BREE LA ATED
JEAR TR RE LK [R13T Bk vl ] B 45 22 7 R 3R 1) 52
Wi o BT BRI FE R 3D FTENTR BE - PN = W) St i
DX BRI 8 LB, A 0 ] ) E R AT ENRICR
B2, T J0 F AT DAL B % 53t T DX T ECR
AN A7 A — 2 AR

3D ATEMREE T ARHEAT B 72 v 52 B R e £
HAZERLAE ] HATENZ LB AL 25 5
RSB FUREE + AR . Gt DSk A fL
B3z B ARSI , 788 1) 5 o) B WA TR 4 , (ERE A
ERORALEAT AR AL 2 17 3D 4T B TR AE L1
RN A FLBRAEAT B A b 52 B 22 hi A, JLATIE
SWLIREERAE 9 320 AL LB A LA
FEAERRL A, 1 X HL 2 P RE AT LR
Davis ZBF5E 1 5ubih s /R FTR AN R il be i
o R FL B S B A 1y 2 P BRG B 5 vh 48 R A
F 3 R LB Bl 32 XA I R/ IR LB
il EE B8 AR AT AR R T Bl A A2 T X

A i e Bl e R B A . DR, FLBRUL
AT 25 R0 03 A 7 1) 85 % 3D T ENRBE + 22 W 1 24k
REs A B . SR, H R T 3D FTER R
£L B 25 g 23 o] R ) 43 A AH O B A XA R
L

ARSO LT Z RN [FIBC G LAY 3D 4T ERTR & 1
AR5 RITREE X FE i FLBR S5t T g 2= P RE 43
I T T 525 55 AR SRR BE 1 7124k RE LR
ShERgRsEe , JHRT T 3D ATEIREE T FLBRZE TS
—SIATRRIE 5 T 2R B A ) SRR A SR
1 Rt
1.1 EMMEEREEE
IRIRA ST il 28 3D T ER/K IR IR I s I ek
FEAFEKVE AERE K GORRS £ BEFRF] dK
FRIRERAE . IR R A SRR 1 R, o 1B
S5 B AE B REGT 3D 4T ENTREE 1 nT 4T ER P A 7 22 P e
RIS, A SCR FH T R AR AR GRrRd ) A 4
RIFFP PR DA T SDATENM R F1 25N H
(), R T B 205 (PE) £ 45 F1 2 305 21 4k Wb 3k
1TH58 . PEZF4ER V34 50+l ad 170 07, B s iy
Doy SN BN R A TN A
0, AR OR TR e 4 . XA 2P 42 h R
SR 2B TR AT R TE LI ERET S AL L, 2
LR AN vy, ST v ek L T S ok A O SR
2 2 e i 1 3D ATENR & LB & L, Horp&f
de i AR B R, 3DP-NR J 3D T BN JC 4T 4 15
IR EE+  3DP-NR-P iy 3D FT El PE £] 4 154 1R ¥
1 \3DP-NR-B 2} 3D T B % i F 21 4k 15 A VR BE 1
MC-NR NG TCLT 4 Fi A IR G+ .

#1 BEHNREEASH
Tab.1 Raw materials and basic parameters
g S8
K 42. 5 ¥ kR ER K e
AR FARAR KT 1. 25 mm; RIKTAIRS , %55 2 650 kgem ™ *; FRLERD , %58 2 450 kgem °
7K H2kK
EES T FEG YRS R A, A RIAR 200 ~300 nm, ¥ 7
HE B FRNSEHILLT 4 22 (HPMC) , #1711
Vil R KT, K375
B WO (PE) 44k ; 2 ik A 41 4k
1.2 REH* (XeY+Z) FTERK BT EAR R 30 mm, EZEH T4
1.2.1 3DHTENE LI FORHEE L I04TEN ™ . Oy T3 A2 )2 Rk b

3D FT EI AR (4 iR i A A0 45 4T R RN T) 1
AT, HoAPFTEpHIAEZE RS} A 3. 0m X 3. 0 mX4. O m

RoFESR 3% FHFTET 1000 mm < 120 mm <90 mm
(XY 2) BRI T OB HRE . FTEN AR T
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Tab. 2 3D printed concrete mixes
BB E/ (kgem *)

'S K gkpi . HPMC WK K ORERER AR PE 474k TR
3DP—NR 320 1. 60 0.27 0.41 135 160 160 0 0
3DP—NR—P 320 1. 60 0.42 0.41 135 160 160 0.75% 0

3DP—NR—B 320 1.60 0.42 0.41 135 160 160 0 0.75%

MC—NR 320 1. 60 0.27 0.41 135 160 160 0 0

B[Sk 38 3 3 2 R 50 mmes |, B % R 1,35 L-
min ', SR ITENE B 15 mme T 3D 3T ERRAE
R TSR £ BOE |, $T BN 58 W5 P AN ] B RS
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Fig. 1 Loading direction in 3D printed specimen me-

chanical property tests
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Fig. 2 Main axis direction of ellipsoidal pores
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Fig. 3 Compressive strength of 3D printed concrete
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Fig. 4 Grayscale values of 3D printed concrete interlayer interface
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Tab.3 3D printed concrete porosity and number of pores

- BALSH FALALBE S KL /MLALBE S
FLBR/ % fLBgdd /A s/ AU/ LR/ % fLpgdd /1
MC—NR 5.60 360 572 2.23 3868 3.37 356 704
3DP—NR 2.35 259 232 0.67 310 1.68 258 922
3DP—NR—P 2.68 286 061 0.91 455 1.77 285 606
3DP—NR—B 3.68 507 669 0.88 694 2.80 506 975

B S T FLBRAY Jr

PRI, AnSRORE LB ERAL
PRI, WS B R 1 Bk Kb 22 57 .
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Fig. 5 Compactness of 3D printed concrete pore
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Fig. 8 Maximum equivalent force at pore boundary
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Tab. 4 Calculation results of concrete porosity - strength relationship
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