544 BH S W ET Vol.44 No.5
2023 45 H Rock and Soil Mechanics May 2023

DOI: 10.16285/j.rsm.2022.0886

ETAEFELEF ZRTE 3D $TENS
ARRENFEERR
O, LHHE, = 4, B2 4

(K K2 BT, Bih 764 710061)

B E: 3D HEEAREN—MREREBARE S A EWIRE T EERKNHE S, H 3D ITEREERRSRE . RNIE—
B AR L S I 2 — o DN T RESAR BRI 3D FTENSCA ARERR A . WIBEE, S GS19 Bb RIS i AT El
PR DURP AL 3D FTENSR A A AT SN &, FEMLEEAE R A 3 FhE LB T7V: (LB RIRALEE DL B MRIRARSE &)
SR ASHARERT 5 AL EE, X2 5 AL FR AP R 3D 4T BN A AR T B PR 400 AT e HL 0 2B, R a4 & v e AN
ST T F12# MR RN« BRI ASF) 5 AbBE 5 i & R iR B ) 2k g, P N IRIBA S5 & B0 5 206
FERISRFE R IR RN B3, X5 i 4IRS R A A A 6 . B R EE SR AT A4 5 3D 4T BN ARTE 25 A e 1) 7
PR AT 7T T

X B i HAJIF; DT JEAEIE; iR OB

FESE: TU452 CERFRIRTE: A XEHS: 1000—7598 (2023) 05—1330—12

Mechanical properties of sand 3D printed rock-like samples based
on different post-processing methods

TIAN Wei, WANG Xiao-hui, YUN Wei, CHENG Xu
(School of Civil Engineering, Chang’an University, Xi’an, Shaanxi 710061, China)

Abstract: 3D printing, a rapid prototyping technology, has great potential for applications in laboratory rock tests, but the low
strength and stiffness of 3D printed samples have been one of the key problems that need to be addressed. In order to find a way to
enhance the strength and stiffness of 3D printed rock-like samples, GS19 sand and furan resin were selected as printing materials, and
sand 3D printed rock-like samples were used as research objects. Based on this, the samples were post-processed using three different
methods: vacuum infiltration, low-temperature treatment, and combination of infiltration and low-temperature. Uniaxial compression
tests were carried out on these post-processed sand 3D printed rock-like samples to study their mechanical properties, and the reasons
for changes in mechanical properties were analyzed at a microscopic level by scanning electron microscopy. The results indicated that
different post-processing methods can change the mechanical properties of the samples, and the combination of infiltration and low
temperature can significantly enhance the strength and stiffness of samples, which is related to change in the internal cementation
state of samples. The findings of the study can provide new research ideas for future application of 3D printing technology in rock
testing.

Keywords: rock mechanics; 3D printing; post-processing method; mechanical properties; microstructure

oA SRR TR AT Y S M B B — 5, T TEIE
- (RIS HOR VR . RN, 7R T 2 b 5%

A% R 2 2 2 A DA R R 2 W FC 5 B R IR A AT TR R BRI R, ARGt
SR S KR At s R e, REREATT  BIRBRIIET % (MEZINLIE]. KEHRDIRISE) A

ok H#A: 2022-06-13 S HM: 2022-07-15

FGWH: BRI m TR QR I (S LR N DR BRI S 22 248D .

This work was supported by the Youth Innovation Team of Shaanxi Universities (Disaster Mechanism and Safety Control of Underground Engineering in
Complex Geotechnical Environment).

BAEFERN: HEL 55, 198144, [, #iR, MAESW, TEAGCE L TREBUEI R & LRI 750 77 TH 0T 55 AR

E-mail: tianwei@chd.edu.cn

WIEE: FHEE, %, 1998 -4, WL, FTNG 3D FTENEARES L TREP R AT . E-mail:1278876874@qq.com




¥ 5 B & R TANFES A BTTARIRD R 3D 4T BN Ak A 2 M RERIT 5L 1331

ACHE AHEAT AR TR BRI, i HAE D) FI A
P A R AU S M IR SR 25 R I AT SR AL .

Rk G AR 5 A0 TR DA S TR R e 170 ) ) PR e
)R, SR AR RLHEAT 255 A A 1 o
Hilra A =Wl EE ke —. HR2RG 7%
XA AR AT IV E A — € R BRI, 6ln
N THE M BIA S AR HIE. AT
BRI ORIE R R RS 5 . BRIk, T R 3R
WEE— S E R e A A B A AENIK
6 T AR L R B ) R —

3D FTEIEOART] LG 2 2% 540 iR S ik B
TR, eSO 2%, AR BORIES A 153280
WA G T A2 EH T iz B OEFI R AL, BT,
3D FTEIECR T2 Al R R AR 32 2 )
PGB IRATRL LS A B . ISR R AR AR
SRS JEA LR F SLAAOG B S R, i@ 584t
AWHOCHR IS PR FE L, T Bk B AT I W B s 1Y
Rl BT A1 AR i AN RS Fe A
W FElOR, RS RE I B A R & e AL, o
WhTY 3D FTERIEM L T RINE A N BRI P RhL
MR EE RSy, AT B 715 3 B2 d ik g ke i i
HD 3 AR LA — 7€ Be EEAE VAT BRI 250, e
HAREAE G ) B 5 RIRE A RL, Sl R4
R R AR . X s IR SRR K2
T I = G SAR B T, oA N — MOy & B
HI2R S A RFE I 712 . Kong SEPUH F U4
T & 8% ( back-scattered scanning electron
microscope, f&j#X BS-SEM) Fll ¢ & A #OE 1% (energy
dispersive spectrum, fijFK EDS) iRAIfP7 3D T E])
KA RFERBR . T AR, Fif e
TP EE, AbATFE e ESLBREE T 1,
WY 3D FTENE A A IRFEA B RV E AT S A
AR RIS I E R AT AT, (AT R AR R 1)
FLBR S A0 ) 51 e 2 A) AR BL I . Gomez 5510
T I [ 25 K =SB 7T T ANF B TR 3D
FTENSRE A IRFER J1 AT AAE NI AR, e 25
RRW], WA 3D FTERHOR AT LU & 5 R IR % =
A AT R IS AR (BT SR AE 22 5
F AR H #7 BIR A OC (digital image
correlation, &FK DIC) J7 35N & A A [R5 B % FE 1Y)
W 3D AT B A A FE R AT 1 R A T I &
BFSE T g #5 vh N AR 17 5 AR R 8 1R AL AR
AR AR RS AL I R

AREHWIFRE 7 REMTT, A CT Hits
3D TERHEEARARGE B 75, B 15 RINE A

SERFRIE AR AL 3D FTESE A & RIS
N T SEBL 3D TERHARLE S A s i B e, g
XoF S bR T A @ B 1 iR AN S S i, 43 )
HEAT TR 3D AT RN A A S IR AE S 1 0%
PERE. R AT U b e B E R B 3h A 7
FYERE . ReEAERON A Tl
HE DA B SRR il — AN L[ ). b AL 3D
FTERAPRHIAR SR L o ARNIFERR | 1 Hox T RRE A
FESEEH], B BRb AL 3D TN A i IE
M T B ECA TR AR BRI EE 22, S5 MR /N
WESAE A, TEIF R RSE B e et R,
N7 RERRINEARTR, WH 3D 4TEpR AL
FIR) i PR R I P2 AT 75 2 R T 4 v
B2 A R A0 45 R RRAE TR 5 25 2 A
B 75, A A LRBR S A RN Z5 P o0t 3 7 2
PR EE MUY B, AR SO R R A AR AR
AR 2 DT 3D FTENA Al it 3 A
JEAER TV HABAN R, B NMKIRAHS S
XPRFEREAT JE AL BE, XA PR IS AR IEAT 1 7
S, RS A AR A RIS A OUR T H4H
MEEFIBEA AT 738 WEFE R LIARD AL 3D FTEISE
A LG 98 B LG D1 2 B A R 7 vk B SR
2 ke &
2.1 R 3D FTENRE AR &
TREKH 3DP T2 AT BN WIAR AR  4TEINLE
N VX1000 3D FTENHL, {TEIER/NEREAN 020~
0.30 mm, FTEPRARANFT B 45 7 73 ol %k FH AT ER AL
RE P GS19 WP ARG I i - GS19 W0 12
B A e, KR ST AE 0.20~0.35 mm Z [A];
IR AR — Fh s P B AL P A T I, 5 AR
BERABIFRREN, ZHHTHE T Zh. T
PLAs SHTENP R 1 Fs
3D FTEIEE AR RS S IR E bR A )52
(International Society of Rock Mechanics, f&] FX
ISRM) @7 vEiIE, i v S MU B 3t
Rhino #3754 ¢ 50 mmx 100 mm ) [BEAT AR AL,
WA T & T 3D FTERH LIRS AR CZ IR
(stereo lithography, A% STL) #%z(, 1ZA%=Arh4
TRFER TUAE B o AT EIHLIR ] = 4R 25 Hr A A
Ja, RBETHFRFTENZE (0.4 mm) KGRI,
e HEORY AR - Jie— AR % 3% 2 S SR T B
CRI AT B 7 [l A R 7 AR A P s, AR e
HRLE Z 77 T ENIETT ) AEATERRRAL S, Xk
FERT IR AR AR IATIE I o HIRE 25 IR DA

2



1332 EI- 2023 4
HIRETTE 2, AERARESER, BAITENRIZME 2
F.
B3 REEREIAEM AR
Fig.3 Polyether amine epoxy resin adhesive
a) VX1000 3D TERHL N N
© S U R A FE T AT RS AL 3D ST A
A FIERERE I, K& AN F) 5 A BTV 1Y)

}:k‘"r‘:‘m_.y‘ﬁllf !HZI‘IJI Ifllﬂsl mll]llm]Hlil\isliili‘\iﬂﬂlmmﬂﬂlw

(b) GS19 1

(c) WRIH g
B 1 b 3D TENHLAR ST EDATR

Fig.1 Machine and material of sand 3D printed specimens
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Fig.2 Printing process
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Fig.4 Vacuum infiltration process
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PT 4 PIT 41

23 REAR

X0 AN [ R 6 2 RE e B i P 4 30 A4
LR AR R i PO ka7 a1 NI VSR GBL RS R
A1 3D FTERREAIRFE S =R s, R B Xiak
FEBHT O G RIRE 7T, DA T 2 1 B A0 AR ALt 4T
B34 o

B R A 8 BT F A SR WAW31000 FAL
IR R RIe L, DNy ORISR, InEid

4 0.05 mm/s, FHARIEHL A B AR RS 10 %l ) A2
TE o AT A8 1R PR S A A 28 AR A 2 A T8CE 5 DY
TR IR LA N EE R, R B L e i 5 A 4
BRARSF

FF BRI K A Zeiss Merlin Compact HL 47
FHA R HR W E N 50~1 000 fF, HFHE
WEN 1.0~2.0kV. REEEWIE 7 s,

MERLIN

(b) Zeiss Merlin Compact HI4E A

K7 s

Fig.7 Experimental equipment

3 GRS

3.1 RWERERNEE

L AF R, W8 3D FTHIEE A FER
TR T AFZA, W 8 frn. MEFR LA
i, BC HRRAHERMBIE B G, ks
AR BRI RITEI G . SIS, PI ALK
TP AN A, R R T XU RV I 50
Ko R IR A B K FEANE TG A — 2 A T,
7 ER AL 7 B 5 P e

(a) BCAL (b) PI4L

B8 RWxth

Fig.8 Appearance contrast

(c) PT4



1334 = +

b 2023 4

FARYRL 3D ITENSRE Al I AR IR 1
FiR. B NG E R I, A
FEXER, M0 B 5B SRR B N HE N RE A B 2R
A AR . AR ACER e B A TN g, i
JE PR AP R K B B 5 B AR e R
M. MF 1SRRI LUK, ARZEALFLRIEME 3D ]
ENJea Ak R B AR H RO, iR AR B AR
AR —E. XRIEE 3D 4T ENEORH %
S AR AR EARTR, 1o H 5 s
AR BRI E DY 3D FT S AR A
AREE A BT B

®1 3D ITEIFRER KL RS L ERERL
Tablel Mass changes of 3D printed rock-like samples after
different post-processing

JEALEE ALEERTFE AAEETFRNE SRRl PR
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Table 2 Results of uniaxial compression tests

i g JERRNAS VRN JEARGRAE VR R R

HH ¥ /103 /103 /MPa  /MPa  /GPa
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PT 4

PT-4 6.90 741 12.11 14.19 4.56

PT-5 5.85 6.52 10.53 13.00 4.12

SEHME 6.32 6.77 12.01 13.65 433
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. PIT3 1184 13.02  180.11 19295 2551
PIT 41
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Fig.9 Stress-strain curves of 3D printed rock-like samples
after different post-processing



5 Ho & BTG TTEIR 3D T EN s AR 2 RE it 7 1335

I BC 00 )5 i 2PN LB, RAETES T IE
(B S B A — e R EEE

BNACER ) PT AARKE (K8 77— 97 A% il 28 B 4. (X
BT HAL 3 4, 1E 04, B, PLAHZH 2 BTk A
i, A HEUEA B E B, X3 B %M Bl
FLBR PR M AR 7E 3 04, BUS, B2k N Lkai
PEFT B (42B, B, B RARREHLZ; BE
2R HEN 2R VPR (Y8 1 B BoCo B, % B N AR
T BE B KT FoAth 3 ALY I BN ARV R, R U
H 5 E R H R AR R R R R, R 200 MR
K, XERIE AR BT X . 4T 5 A
T IR SE R AR TS IR N 2B RE (1 0 24 P R Hh e 1k
AR IR
3.2.2 BERHER

SR AN JG AR TR 3D AT ENSRE AR
W 10 Ao, MBI ATLLE s 3R R
BRI TR B BRI BT IR . TR s R 46 T
BC ZHURF it 30 o S0 A2 P AT T a8 oy 1l i) 40 /N34
g, BlE RGN R RE T B ) B 4R R
HAEBEAT R AR BETE I3 NALFEIG PT AL FEAE B K
AT e AR R R U RK AR, T H IR
BUYIZALL,  [F)I EER HT AR AE B, ST AR A
XA TR P IR R IR IR TE I I EF T

(b) PL 4L

(a)BC 41

(d) PIT 41

() PT 41

B 10 AFJEAEE 3D TENRE AR
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Table 3 Comparison of mechanical properties between
samples processed by combined infiltration and
low-temperature and granite
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R / MPa / GPa
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Fig.13 Electron microscopic scanning images of 3D printed rock-like samples after different post-processing
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Fig.14 Diagrams of particle connection and failure of 3D
printed rock sample after different post-processing
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