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Statistical Analysis of the Effects of 3D Printing on Concrete-Soil
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Abstract: With the gradual emergence of application scenarios in which construction 3D printing technology is

used to build underground structures, the interface characteristics of 3D-printed concrete-soil systems have become

a key factor affecting the service performance of underground structures. Aiming to study the difference in interface

behavior of 3D printed concrete compared with conventional concrete in ground soil, the interface direct shear tests

for different construction surfaces of 3D printed concrete embedded in ground soil were carried out by improving the

specimen preparation method to obtain the 3D printed concrete-soil interface shear strength indices. Combining

with the data digging in literature analysis, a sample database of concrete-soil interface behavior was established with
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and without the data obtained in the presented tests, including the shear strength indices of the concrete-soil
interface, the physical parameters ( coefficient of non-uniformity and dry density) of the soil, and the mechanical
parameters ( shear strength indices) of the soil. The statistical analysis of the above sample database was carried out
by the Bayesian bootstrap method, and the statistical evolution model for the strength indices of the concrete-soil
interface was established. The findings obtained are as follows: the dimensionless concrete-soil interface shear
strength indices (i.e., the ratio over the shear strength indices of the soil) show a hyperbolic statistical evolution
pattern with respect to the coefficient of non-uniformity and the dry density of the soil; the consideration of 3D
printing construction imposes negligible influence on the statistic evolution pattern of the dimensionless concrete-soil
interface shear strength indices over the coefficient of non-uniformity of soil; the consideration of 3D printing
construction leads to the significant compacting of the ranges of confidence intervals for the dimensionless concrete-soil
interface cohesion, and the overall decrease of the upper and lower ranges of confidence intervals and the mean values
for the dimensionless concrete-soil interface frictional angle. The findings in this work can provide a scientific
reference for the design calculation of 3D printed concrete structures embedded in soil.

Keywords: 3D printed concrete; interface shear strength; dry density; coefficient of non-uniformity; Bayesian

Bootstrap method
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Fig. 1  Side view of 3D printed concrete
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Table 1 Basic physical properties of soil samples

IR/ % RINEIKE/ %o KIRFE/ (g/cm’)
35.24 18.98

R/ %

23.98 1.55
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Table 2 Material mixture of 3D printed concrete
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Table 3 Printing parameters of 3D printer
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Fig.2 Schematic of 3D-printed concrete specimen profile
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Table 4 Calculation parameters of surface roughness

(2)

of 3D printing concrete

T/mm T//mm A/mm A/mm r
] g 3 2 1.2 0.8 0.4
JECTAT 8 2 1.5 0.5 0.2
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Fig.3 3D printed concrete specimen preparation
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Fig. 4 Morphology of 3D-printed concrete-soil

interface specimen
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shear stress versus shear displacement
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Fig. 6 3D-printed concrete bottom-face soil interface

shear stress versus shear displacement
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Table 5 Shear strength of each interface under

different normal pressures
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Fig.7 Shear stress versus shear displacement measured

in direct shear test of pure soils
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Table 6 Indicators of shear strength at various interfaces

P
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Fig. 8 Shear strength versus normal pressure
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Fig.9 Concrete-soil interface cohesion ¢y scatter plot(C,)
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Table 7 Concrete-soil interface shear strength sample library
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2 i 5
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20221
4.05 32.30 94. 01 40. 06 0.04 0. 81
5.36 28. 14 76. 8 33.62 0.07 0.84
42.14 26.97 33.47 24.00 1.26 1.12
29.34 21.69 28.77 23.00 1.02 0.94 A AN PR
2.12 1.40 0.47 .
26.07 20. 82 19.63 21.98 1.33 0.95 2022"
13.95 14. 69 16. 12 13.38 0.87 1.10
/ 22.00 / / 0. 80 FR I
1.45 / 0.23 27.60
/ 27.00 / / 0.98 2020
40. 31 1.28
39.97 1.27 PRIk
6.10 1. 60 1.12 6.38 4.00 31.50 1.59
38.52 1.22 20191"!
36.91 1.17
/ 21.95 / 0.57
/ 27.07 / 0.70 Liu S et al.
6.04 / 1.12 / 38.70 ’
/ 30.79 / 0.80 20232
/ 27.29 / 0.71
/ 24. 90 13.90 / 1.79 Tori A O
4. 40 / 0.92 / -
/ 27.90 14.30 / 1.95 etal. 2017'"
26.09 0. 66
26.57 0.68
27.23 0. 69
0.15 28.32 4.43 39.31 0.03 0.72 Li H
4.63 / 0.95 29.93 0.76 et al.
31.76 0.81 2023
27.07 0.67
0.57 28.01 4.33 40. 48 0.13 0. 69
28.43 0.70




8 R 2 RS OTORE R
LR 7
. ] Ea) 4+ i - TENE TR
A¥ys THEE 1g(C,)/ g =15
2 C (om®)  1a(s FhE N JEE £ FHEN JEE YR £ AR RS ik
IR cm {
v P &(5) ¢,/ kPa 0./ (°) c./kPa e/ (°) BT ey A o,
29. 14 0.72
0.57 31.04 4.33 40. 48 0.13 0.77
33.42 0. 83
28.37 0. 67 LiH
4.63 / 0.95 29.33 0. 69 et al.
0. 64 29.72 4.79 42.25 0.13 0.70 2023'%
30. 13 0.71
32.42 0.77
35.06 0. 83
29. 68 17. 69 0.31 0.55
56.98 19. 44 0. 60 0. 60 I 5
/ 1.65 / 95.71 32.20 o
76.53 21.69 0. 80 0.67 2017
78.97 21.16 0.83 0. 66
20.00 9.50 0.45 0. 60
31.50 11.30 0.71 0.71 Yang J
/ 1.78 / 36.00 11.50 44.30 15.90 0.81 0.72 et al.
39. 00 13. 80 0.88 0.87 202312
41.50 14. 40 0.94 0.91
13. 81 8.82 0.78 1.07
T Fq s
/ 1.32 / 14.52 12.29 17.75 8.22 0.82 1.50 20221
18.29 17.42 1.03 2.12
38.20 21.90 0.40 0.68
42.67 25.20 0.45 0.78
46. 35 25.90 0.48 0. 80
62.99 26.20 0. 66 0.81 ki
/ 1.80 / 95.71 32.20 .
81.93 23.50 0.86 0.73 201512
96. 85 21.40 1.01 0. 66
91.35 22.80 0.95 0.71
104. 14 20.20 1.09 0. 63
13.06 13.89 0.74 0.64
13. 64 14.70 0.77 0.67  Kadhim H K
/ 1.73 / 14. 80 16.33 17.70 21. 80 0.84 0.75 et al.
15.63 17.48 0. 88 0. 80 202417
16.32 18. 46 0.92 0.85
42.10 1.39
Zhao L
45.20 1.50
/ 1.62 / / 10. 00 30.20 / et al.
51.20 1.70 N
20171
57. 80 1.91
, Lo , 3.10 32.00 37.90 29.00 0.08 1.10  Xiao S et al.
’ 7.50 32.00 35.50 25.00 0.21 1.28 20141
Di Donna A
/ 1.20 / 7.00 25.00 9.00 26.00 0.78 0.96

et al. 2016




FRAR S, 4E . 3D FTENXT R BE = —Hi 3 £ SRR e B e 14 Hr 9
LR 7
. L 3i) ] 4+ i - e ToEdk
A¥ys THEE 1g(C,)/ g =15
28 C (gem’)  le(s R JEE £ FHEN EEI% A AR RS -
ARE a8 b es(5) e/kPa e/(0) EHie, g *
38.31 1.32
30. 54 1.05 He P et al.
2.78 1.68 0. 64 / / 29.00 / i
30. 96 1.07 202013
32.21 1. 11
6.70 25.70 0.44 0.96
5.00 29.50 0.33 1.10
6.10 26. 50 0.40 0.99
7.00 25.50 0.46 0.96
3.60 31.70 0.24 1.19
3.70 31.20 0.24 1.17
3.00 32.20 0.20 1.21 Xiao S
19.20 1.37 1.84 8.20 28. 10 15.20 26.70 0.54 1.05 et al.
7.50 32.70 0. 49 1.22 201913
8.90 28.70 0.59 1.07
5.40 27.80 0.36 1.04
11.00 32.00 0.72 1.20
10.20 29. 80 0.67 1.12
9.30 33.00 0. 61 1.24
9.30 34.50 0. 61 1.29
3.90 18.05 3.44 19. 89 1.13 0.91 Yavari N
1.74 / 0.34 2.79 18.15 1.82 21.29 1.53 0.85 et al.
1.50 19.08 2.35 19.09 0.64 1.00 20161
16. 66 27.47 0.83 0.90  LiuSetal
2.44 1.7 0.55 20. 14 30. 37 i
5.87 28. 40 0.29 0.94 2024134
Chen K et al.
5.31 / 1.04 45.22 13.31 19.00 18.50 2.38 0.72 .
202413
15.38 11.33 0.68 0.78
6.85 20. 10 0.30 1.38 Li H
9.89 1.67 1.42 4.71 17.29 22.52 14. 61 0.21 1.18 et al.
3.09 9.03 0.14 0.62 20243
2.95 2.49 0.13 0.17
7.78 18.52 0.40 1.18
19. 68 15.72
12.3 22.31 0.63 1.42
2.27 18.77 0.33 0.9  Hashemi A
9.02 1.42 1.37 6.91 19.51 et al.
10.37 22.84 1.50 1.17 20021
6. 66 16.29 0.50 1.06
13.23 15.32
15.85 20. 09 1.20 1.31
Zhou ] et al.
/ 1.24 / 31.97 / 18.79 / 1.70 / “
202413
6.79 10. 58 0. 81 1.14 NSYQ TN
14. 46 1.30 1.66 8.34 9.29 thwt
1.10 12. 45 0.13 1.34 %€




10 B/ N 111 IR IR &

10 BET-TREEER o, BRE(C,)
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Fig. 11  Concrete-soil interface cohesion ¢y scatter plot(p, )
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Table 8 Results of regression analysis of concrete-soil interface shear strength indices evolution equation
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