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Compressive strength of 3D printed steel fiber reinforced
cementitious materials with different overlapping paths
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Abstract: Three-dimensional printed concrete technology has the advantages of flexible, reduced carbon
emissions, expedited construction, and the capacity for formless design. However, the interface bonding

problem may cause the printing layer to be not tightly bonded, affecting the strength. Overlapping print paths
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reduce defects and enhance interlayer bonding, increasing compressive strength. For steel fiber reinforced
cement-based materials, the distribution direction of steel fiber is easily affected by the printing path, and the
research on the compressive strength of 3D-printed steel fiber reinforced cement-based materials under
overlapping paths is insufficient. Based on 3D-printed technology, this paper explored the compressive strength
by using parallel path and spiral overlapping path printing methods and varying the angle between the load and
path direction and the pitch angle to fabricate steel fiber-reinforced cementitious cubic specimens. The following
conclusions were drawn: In the X-Y plane, the compressive strength of parallel paths first increased and then
decreased with the change in the angle between the load direction and the path direction, but it was less than
that of cast-in-place specimens; In the X-Y plane, when the distribution direction of fibers is parallel to the
loading direction, the compressive strength in the X direction is the highest (X direction), and when the
distribution direction of fibers is perpendicular to the loading direction, the compressive strength is the lowest (Y
direction); The compressive strength in the X, Y and Z directions was significantly higher in the 30° and 90°
pitch angle paths compared to parallel paths; Compared to parallel structure printing, the bouligand structure
reduced mechanical anisotropy. The Bouligand structure printing method has been demonstrated to enhance the
compressive strength of components.

Keywords: 3D printing; steel fiber reinforced cementitious materials; compressive strength; path direction;
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Table 1 Number of specimens at the Angle between load

and path direction
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Fig. 2 Printing path of different pitch angles
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Table 2 Specific parameters of steel fibers
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Table 3 Mix proportions of cement-based materials
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Fig.3 The production and cutting diagram of samples
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Fig.7 Schematic diagram of the angle between the

load and the parallel path in the X-Y plane
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Fig. 11 Cross sectional view of 45 mm cube specimen
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Fig. 12 The failure mode of the cubes under compression



% 54

Bk 5 R A B8 4% 3D AT PP AR 4F Y 38 1B K R R AR 69 30 R M AR 115

TR ] B R A 5 A BT V) R AE v E
PSR IUEAT: 38
2.3 MEBESH
2.3.1 FHRZEGBESN

& 13 0 A7 A2 00 Bt e o Bk 25 5 . A
13 ] 1, iy F JC 2 1] 53 17 A 4% 8] 5L T 9 R ) 52 g
& 55 8 e )y AL iR e K. 3D AT Rl A FE 9t &
S 5 7 TD 2 B0 B 0 4% S L X ) B BT
JER R, Z I MR Z Y J5 [ de /i (B 3578 F B 5% 3K
PFo T ER R AR v R T 00 5 e, BT 3K S A R
hRE R — B MRS L, 5 Y. Z 5 A, X
WIS K, Y. ZJ5 1 b, i FATE i v jg 2
55 K6) S THT PR A TE A HE H A AU AT A 4T 2 K g Ak
MRV Be R E L Y Z 0 R Ay B RE AR T
27.3%.22.2% . £ J)HUR S M ) R T T,
FRCC )2 ] 518 25 45 5 B2 KT 4% (8] 5018 09 RS 422 5
Y, 244k B J Ak IR B, LUk, Z 05 1) /Y B R
SR T Y

80
I X-V
W 7716

[ e

=
=]

3
T

HUHESRE/MPa

5
T

* 0° 30° 60° 90° 775l BLpE
plIE=wat)
E13 FITRENRERE

Fig. 13 Compressive strength of parallel paths
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Fig. 14 Compressive strength of different paths
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