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Study on engineering properties of 3D printing concrete
materials for pile foundation engineering
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Abstract: The experimental study of the engineering properties for 3D printing concrete materials used
in pile foundation engineering is carried out. 42.5R rapid hardening sulphoaluminate cement, small-
diameter construction dry sand and gravel are used as the main materials. Through the slump test and
compressive strength test, it shows that the larger the water-cement ratio is, the larger the slump of
material is; when the sand rate is larger, the slump of the material decreases firstly and then increases.
Finally, when the water-cement ratio is 0.39 and the sand rate is 0.536, the fluidity is relatively
good; at the same time, the setting time of the material is controlled by adding sodium gluconate
retarder. When the proportion is 0.71%, the material can maintain a longer time plasticity, which is
beneficial to the better control of the setting time of the concrete after mixing. By adding polycarboxylate
superplasticizer, it can increase the fluidity and compressive strength of the material, the addition
ratio0.48% is the best. Through a series of laboratory tests, a new type of concrete material suitable for
3D printing of pile foundation engineering is given.
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Tab.1 Chemical composition and properties of cement

W ARO, - CaO S0; SiO:  Fe0;  MgO  ARfEBEOKE bR
42.5R 35.17% 42.54% 10.79% 6.13% 1.53% 1.24% 1 mm AR AR SR M
R 2 KiRRNFERE
Tab.2 Mechanical properties of cement
568 B S DUESHE /MPa PS8 /MPa
1d 2d 3d 1d 2d 3d
42.5R
30 42.5 45 6 6.5 7
® 3 ZRASH
Tab.3 retarder parameters
AT PRI B - . 4R > : sy R
i Sk I ik (mg H
/EI\% q:}gﬁﬁﬁ ﬂ}?#@ ( LJ\ Pb .[:I__ ) SO4 C %D /(mg m ) (Aszoz) p
98.71% 0.04% <0.5% <7% <0.01% <0.009% <1% <0.1% 6.99
R4 BKFISH
Tab.4 Water reducing agent parameters
LRV Na;SOs4 g AETEE BUkFE HE (gem®)  pHIE i £
ARIR Z e ROkl <5.0% <0.05% <0.6% 25% 098 ~1.02 7.0~ 8.0 0.02%
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Tab.5 Fluidity of concrete under different water-cement ratios
Y% FE /mm
KIREE Ry (] 2t A] /min
ik BIR Bk
0.38 20 22 20 3min30s 30
0.39 33 31 28 3minl8s 30
0.40 33 35 36 3min30s 32
0.41 35 35 34 3min25s 35
0.42 38 39 39 3min33s 32
0.43 40 40 40 3min50s 40
0.44 45 45 48 4min 38
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Tab.6 Fluidity of concrete at different sand ratios

e PHEIE fmm — SRR /min ABERHIA /min
Bk IR =k
0.45 46 45 45 3 30
0.472 40 42 42 3 31
0.491 33 31 28 3 30
0.501 34 34 34 3 30
0.519 35 37 36 3 33
0.536 26 25 30 3 35

G &y = A &2 = s k) A 0 A T
%5,

Bifi f e B [k AR EE A 039, ok RbER, £33
WERIHR AR, W% 6,

SrMTLA BTSN, KR L AIRD SR A
BORIIRZM, XHEELE I R R2 L0, R B
AR, ARIREERER, Y& BERR KR ELIRFEA S,
Wbk, PHE RIS R, Bk, fE5E67%
JE T AR LD 35200 2 J5 k8 T LK K B A
0.39, fh3Ch 0.536 [FiREE - Ackk, #H17 ~F—244k
58 B A TR o

2.2 fEE 3D FTENR B By N F 58 X IE

AT T2 5% R B bEAE 3D FTE 5 b 5 58 B 4
P, B THFIER 3D T ENR Rl DARERR Bk JeFrib
AL BT AR T2, R RELBE L PR EZE
FBCEL bREAT ke, & FE9R & 3D 4T ENTRRBE L A4k
AUPLHSREE , ( DUH SR AR Pl BIPT Y 2ok, A
SCHF R T 3D AT EVEL UG - BARHEL 5 - AH0 He 55 2 0
GEIRSE, Wl DRI, ME T = R R LA
FORHE BRI A 28 d BIBRAER B+ IR B A B 5%
B, Frifdninge 7,

RARIME O E 1 FR,

=SB EREYME, 2R B ELFnR4 R
BT HIFERE 3D FTENEREE L IBUE R E ) 36.9 MPa,
25 04 Xk Fr SRRk e, 8 AR SO R IR

R RELHIUERE

Tab.7 Compressive strength of concrete

[ER7S WA ) /KN S /MPa
1 830.25 36.9
2 816.75 363
843.75 375

B 152 e e ik

Fig.1 Test piece after pressure damage
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Fig.2 Water-cement ratio and fluidity curve
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