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Fig. 1 Arc loading device
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E
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Fig. 2 Calculation model of dynamic Brazilian splitting test
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BegoStone £1 7 . Ultracal-30 £1 5 5, #JFH A& S A FF RIS . 2565 Il i Hl/E A | EHEPE . B
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BegoStone 18 14k 2% WL 43 AR ], 354 212K B 2 45 ( CaSO,-1/2H,0) , AR it 1@ F Rl —Fh A4 L. Liu %5 A
Esch %5 5 5 % BegoStone 41 14 B 5t LA K 72 ESWL H A% RS AT iU g A5, 42 Hh T LA
DA B K BE | FL B SR 45 2 50 ) M 5 B R 5 (calcium oxalate monohydrate, COM ) 4% 5 4 Bi: o AHBL G A
WA, AR TR RS R BT 45 A T AR . 3R 1 S T RERR 4 45 40 Al BegoStone A1 1Y ER 4 )
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Table 1 Some physical parameters of calcium oxalate stones and BegoStone'™

Material ~ C/(m's™)  Ci/(ms™) p/kgm?) Z/kgm?*s') ZJ/kgm?>s') 4  E/GPa K/GPa G/GPa
COM 4476+41 2247+16 1 823+69 8.160 4.096 0.332  24.259 9.204 9.204
BegoStone  4400+65 2271+18 2174429 9.568 4.939 0.318 29.584 30.890 11.221

AHEFE GG T AR AE EE | FLER S . K3k LU RER 110 3% f 9 N 3 25 R AT R A 2 vk e ik, oF
FEARF S HOF N &5 40 F1 AR w4 A% 0 WL 35 20 B b B 0 o 5 A0 40 A JHL T I 1) B
FUEAE R K L. 14n: HV60 B (1 () 4 8k, e B K L 12 S AT IC L, 0 24 h b2 )5, B
HIEHE BE AT Ik 60 MPa. il Bt — 72 0 A9 IRRE LR AT FR IR AT R I3, & B0 S s s 5 5 L A 8 1 T R A
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v, AL R PO Al AT BB B 028, AT 3 4t 1O (R 60 2 B B e . ALBR SR 1 B
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F2 WEMSEBR
Table 2 Sample details list

Hardness/MPa Porosity/%
1-1 1-2 1-3 1-4 2-1 2-2 2-3 2-4
60 100 220 300 5 15 20 25

Protein content/%

Powder-to-water ratio

3-1 3-2 3-3 3-4 3-5

4-1 4.2 4.3 4-4

1.0 1.5 2.0 2.5 3.0

6.0:1 50:1 4.0:1 35:1

60 N/mm? 100 N/mm?

300 N/mm?

220 N/mm?

K3 R [R)RERE R AR B A
Fig. 3 Dental plaster sample with different hardnesses
HVEAL BN : 1 5, FRIBURRSE LA B A0 B R K SR, T IO B R 3511, ) 9 o 1 (R 703k
BB IME R E D), B KRG BEHE; i), B0 B R B A GEREE R, AL . 75 20 B2 (1) K
REMI VR R b, T B PR 5 RS HEA PR ER T, DA SO A RS 7 Az 5 (2) B 23 R A [ A
BEAEF DL, LR B> Bh A B — 8 B SR B2, BRIy K TR S BEHE L 07 60 s NG 58 1 (3) b BT
B BRI RE B, 5 EAE TR AR RS T 24 h DL B R BURRRIAE 52 RS , 78 2R T W0 AR R 18] Y SICRESS

XoF HEBE, LMSAIE DIC 4387 B AE B2k .
22 EBHSEASEHAEEE

P S L Y B 2400 R FH IR 4 9T 7R 1 /N He
FIT R IR B LT, AL 210 S 282t A5 v 1)
2 r g s B R R B T IO e B R A7
#, R AL RS $ i FE 3k (2 F2 3% 4 0.1 mm/min,
NAF R 5.56x107° s7"), ELEHAFEBEBE IR . R
FASTCAM SA1.1 & HAH ML) 25 40 5% R Y B 54
AR, IC BN S R LY RS B . = A
BLE SRAEST R 1.5 J7 Mi/ED, 43 Bk 512%384,
3 VIC-2D A 3 s sl AR HLAA 5 00 R, 75 2]
TR 2 THT 119 18 25 37 43 A R Hp O A6 1114 o A Bsf A
2R o KA IR RE il 2k 5 0 BRI ML C SR 1 o 28
TR 2Rl A, BT 75 20 300 7 B 4 0 A v i 1 77 -
AR T2

23 HEEEBERALAFERKE

Materials and curved
fixtures

FASTCAM SAIl.1
high-speed camera

Instron electroric testing
machine

K4 MERSEIE RN RS

Fig. 4 Quasi-static Brazilian splitting test system

TEMERS IR 4 R LA b, i 5 RS A5 0 1Y 12 S RO P, &k 4-1 KRR #EAT B A

5, GBSO 3.
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Table 3 Physical parameters of specimen in dynamic loading test

Density/ Hardness/ Powder to . Tensile Compressive
5 E/GPa . Porosity/%

(kg'm™) MPa water ratio strength/MPa strength/MPa

2264.80 31 300 6.0:1 5 4.64 44.29

SN B R FH 420 40 mm (1) SHPB R 40, F UK N 40 mm, S~ T REARRE [ 157 1 35007 19 5
Wi, 6 A AT 5 R Y 0.8 mm JE A LI Fr, SEBUER 5% L TR0 = Ao ak . A G FT R I — X R 4%
BER 2,11, HLBH N 120 QW4 @ N A i, 38 SRR G —%F RBUE R 130, Bk 120 QIR SRR AR K,
AR e 35 e 2 A B v R sl A N AR UM i, Il R D AR A Y o IRFE S E A BT S 3E ST A 2
T6], 79 9 4 AR ML AR LA /N BE 45 . ) FH Klirana SMHE w5 o AL EEA 740488, 3308 B o 20 J7 i/, iR
BEEUNE S o 0 P8RS N I AR O T e

High-speed
camera

Incident wave l l \ Transmission wave
Projectile /\ Incident bar /\fransmission bar
— s

\_
. \/ . D
Pulse shaper J Strain gaugJ Speckle Strain gauge amp

specimens

Reflected wave

K5 Shas T py sy R BN TR

Fig. 5 Schematic diagram of dynamic Brazilian splitting test device
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31 EFHSEASRAR

311 mARESHh

& 6 FEL 7 4300 A B ARG 2-4-1 1 Jn 2 e 2 il R s AR AL Sk ) SRS 2T /8 . 7R IR Bl
AT 1690 N Z fif, kR A7 B 0 AT WAL= A, 91.01 s BHRRE A B 0E A 28 4y, H BLRH 5 10 S 80O0F T
GRS R, B 5 2805t EE AR, By OB T %

4 MR S EAR AL AN 45 A Pt hrse AR L in i 8 firs, v LA e (1) 58 2 5 P hr o B E b,
T R v, B o B R 5 (2) LR BT b o B A b, FLBRURRR T, P BRI (3) MKtk S b
5B B L, R K R, P R (4) B BT A S AR 1%~ 3% i I, O TR i B A
M AN, AH B A B 0T B i gk 2238, iR I S i . BRIOUHLEE R« 6 B /NG T 44
RHE A TR 55, B8 R, 4T (B B 45 A 0 B, MRHIRT R IR % B ) B 5 Ry K L He s TR
Vi) £ 22 fl 1T L, 3 R B B vy, O [B) (%) 45 5 T RN EE 8 T R, 2 UL R A MR B R e R AR T
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FLBURAE BERE N IR A SR BE , AT A T S 2L R B Kb 25 7 A R T B o A LB 2 ARG Al 2 B e B
SpECPURT R AR S SR A7 A 0] A SO R LR L g, R SRR I AN 2 i R I — RE Y BB R

2.0
1.8 1
16r
1.4r
121
1.0r
0.8
0.6r
0.4}

Force/kN

1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100 110 120
Time/s

B 6 iatkE 2-4-1 BYMARATRE 2R

Fig. 6 Loading-time curve of specimen 2-4-1
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(a) 40

5 L
£ . £ 35
= RS =
< 4t -7 =
an 7 an 30
§ _.- §
7] 3l - 172]
5 7 g
ot J )

[ ]
1 1 1 1 1 1 1 15
50 100 150 200 250 300
Hardness/MPa
5 5
(c)

< 4r < 4
= =
2 " e a—®-—-—m-—n 2
3T 5 3
o =]
= =
o2} o2
= 7
5 5
&t &

0 1 1 1 0

1 2 3
Mass fraction of protein/%

=91.05 s t=91.16 s
&7 ke 2-4-1 BB JRid
Fig. 7 Crack growth process of specimen 2-4-1

LS (b)
\~
\-
\-
\-
\l~
~
"~
.-
\-
\-
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]
5 10 15 20 25
Porosity/%
P
s
7
7
o
7
e
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4 5 6 7
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8  AFZEEM T NSO RPThREAEf

Fig. 8 Changes in tensile strength of artificial stones under different variables

312 NTIEN TR

DIC 73 Mr 5 B3 kE 2-4-1 (149 3R 18 N AL 37 180 A6 2 181 LA B b 52 B 9 7 4 1 728 1] R 1 46, 20l B ] 9
FEN 10 frzs o ATLAR Hi: 91 s Z R INE B Be, W28 LAE GE (9 1803 Ze 18 4 G5 91 s I AR 1K F1 0.001, 48
JR BT A YR BUE R, R WA
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&

" I 0.020
N
L0.015
0.010
| 0.005
0
() =90.95 s (b) =90.98 s (©) =91.02 s
SYX
0.020
0.015
0.010
| 0.005
0
(d) =91.03 s () =91.05 s () =91.17 s

K9 ke 2-4-1 R MR AZ L 2 P
Fig. 9 Evolution of surface strain field of specimen 2-4-1
BURE 2-4-1 BN F7 - A2 2R an &l 11 Bz, ol LR e (1) A2 a0 39, 07 77 - 13 728 il 2k 52 2 i e
K, BRI GER E O 34.9 GPa; (2) Y ALIAFN 29 4x107 i, fh2epA/h, R YRR, A
FAF A PRI (3) 20 138 BIIEAE (£ 2.0 MPa) B, 3R Hho0s IR0, S K77 A R A KT 2

0.05 -
Experimental data
20F — Fitted line
0.04 g
£
| s 1.5F
0.03 s
5
5 5 e
© 002t Z10r i
2
g
001} . Eost e SR
) 7 AL
1 1 1 1 1 0 " - 1
0 50 100 150 200 250 0 0.005 0.010
Time/s Strain
10 32URE 2-4-1 HrC B R A AR i R 2 B 3RFE 2-4-1 BN S-IE A8 ih 2k
Fig. 10 Strain-time curve at the center of specimen 2-4-1 Fig. 11  Stress-strain curves of specimen 2-4-1

32 HBFEEERAE

321 ISIMBERE SR

TESEATHCE A BT, B A S . S5 ik DA K ags I8 1) ke k7 T8 2 Ak AR LS . i TG IE SHPB
PN 7P A AR, e A I 3T 3 B — A~ B AR O, R A S I R R IR U A, 98 AR S R AT R AR,
WP 12 frR. AR H: 7E 0.2 MPa Uk R, A I RS S0t 8 1 45 378 S5 0 Py g 45 R 8 6 v, 0 i
1A S5 A T LAAS B A4y 00 2 5 B IR A HE R, 2 A4 2 (o) IR 06 77 AR — i 1 O 22, Ul P B o
AR R4, AT AR P A N T A R, W SR R (8 SHPB JEER TR R 0y, S A R IR 22
A3 A i 22 Y TE 10% LAP, BT LA R N ) P foE o 38 4 F0 S T A e 1 s A8 T P B
ELSTWL g P O
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0.020 |+ 0.025 -=- Incident
-u- Reflected

-=- Transmission
~#- Incident+reflected

0.015 0.020 |

0.010 0.015
= = 0010
£ 0.005 g
«n “ - 0.005
0 -=- [ncident
-=- Reflected 0
-=- Transmission
—0.005 | =~ Incident+reftécted ~0.005
—0.010 | —0.010
0 20 40 60 80 100 120 0 20 40 60 80 100 120 140 160
Time/pus Time/pus
(a) 0.2 MPa (b) 0.4 MPa
0.05
0.04
0.03 1
= 0.02
g
2 001}
-s- Incident
0 -=- Reflected
-=- Transmission
—0.01 |
—0.02 1 1 1 1 1
0 20 40 60 80 100 120
Time/ps
(c) 0.6 MPa
12 P HRG R A R
Fig. 12 Stress balance test results
F4 AHNNHNSEESRREER
Table 4 Dynamic Brazilian splitting test results of specimen
Specimen No. Air pressure/MPa Tensile strength/MPa Average tensile strength/MPa
1-1 0.2 13.47
1-2 0.2 13.61 13.46
1-3 0.2 13.30
2-1 0.4 20.60
2-2 0.4 18.78 20.30
2-3 0.4 21.51
3-1 0.6 29.23
3-2 0.6 27.11 28.20
3-3 0.6 28.26

M 4 LI e i RS 0.2 MPa N, 180RE (9 F 2 3 &S PRS0 B O 13.46 MPa, 240 E# AP
5 Y 3 s SR N E 0.6 MPa I, 72 3l A5 P47 68 JEE 42 = 2 28.20 MPa, BCER A & T 24
6.3 o T LUHEIN A 25 47 B9 BT i B 5 AT 55 U I ) 17 A8 AR AN
322 NEEASH

e 48 50 25 L 74 B 240 L RE A B e ik 2 S A1 5 114 2l 2843 A 5 B2 LA R 0 A Jh 2 TR 47 7 1))
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A% . AR I AR 3 e DL AS 3] 35 B T AT R (P 7 [m)) B R A B AR 3R R 298 A B AR i o
L 73 F6 Bsf T) A5 A 2 (IR S R il 2 0 Ak 23 ) a8 e 4 T ) ) 7 AR SR b 2%, SR, X P4 R £
B BB A A AR RS 38 H AR SR A L sh AT, £ 48 O 1] 00 0 AR R A AR sh S R AT R AR R
AUERGRY o M A LA DIC J7 o0 R AR 375 LA K o7 AR 28 7 e #2407 fai {6 . s 1R 42

PLS AR AR 1-1 S, X @ sl AR LA 4% 1) — 4 B8 3547 DIC Ab B, 15 21 8 25 5% 24 v ke 2 1 i e
N AR WA R, A 13 Fras . MR 13 shal LA s 28 iz w38, B 73 8 oK 2] 38 306, 10k 2 i
Jon] WRLEL; 29 40 us B, B F 3 AGRRE, S0RE U A (1 R AR T G 2 T 1 K5 24 50 ps B, GRRE R0 S0
AR e BN IR WEAE, FF UG = A e, B e O i 4 0 S5 105 Bl I 0 Dl AN T AR X 22 1Rk [ s 5,
AR 7 PR 21 DX 3, (R g o A8 DX3R) FF R 4, N7 A8 {2 i 388 K, L S0 IR iR i A | AR 58, I A BT %
e, SEOAFE B BIR .
!0.%30 - lo.%ao Io_%‘;o

0.015 0.015 0.015

| |

0.010 10.010 10.010
0.005 0.005
0 0
(a) =40 ps (b) =50 ps (c) =60 ps
&, &y
0.020 0.020
0.015 0.015
0.010 10.010
0.005 0.005
0 0
(d) =70 ps (e) =80 pus (f) =90 ps

K13 S U R IR SR

Fig. 13 Dynamic Brazilian splitting failure process

BRI 25 v 7 " B T ) B AR L A3 A 0.05 - .
£ 0.2, 0.4 F1 0.6 MPa T T iUk v A S 0 A2 Y ISS
R, L 14 R . AT LA ), 000000 A e B el .
S T 24 A ) ) i — i 20, 7 i 2 8 003}
Wi J 10 A8 T LG BE , X6 R 24 80T b e A, Bl 34 £ .
YRS @ 002y ae
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Study on Static and Dynamic Brazilian Splitting Test of Artificial Stones
GU Chunmiao', LIU Guanlin?, ZHOU Fenghua', LI Kebin'

(1. Key Laboratory of Impact and Safety Engineering, Ministry of Education, Ningbo University
Ningbo 315211, Zhejiang, China;
2. The First Affiliated Hospital of Ningbo University, Ningbo 315211, Zhejiang, China)

Abstract: This article aims to explore the mechanical properties of artificial stones under different
conditions. Firstly, dental plaster samples with different ratios (hardness, porosity, powder-to-water ratio,
and protein content) were prepared as artificial stones to study the splitting behavior. Secondly, quasi-static
Brazilian splitting test were conducted on artificial stones. Finally, a @40 mm split Hopkinson pressure bar
(SHPB) was used for dynamic loading, combined with high-speed cameras, digital image correlation (DIC)
and other testing methods to observe the damage process during sample splitting and the evolution law of the
strain field, and then obtain the strain time history curve of the sample was obtained. Test results show that
the quasi-static tensile strength of artificial stones is directly proportional to the hardness and powder-to-
water ratio, and inversely proportional to the porosity. And the protein content has little effect on the tensile
strength of the material, but it does affect its ductility and brittleness. Under dynamic loading, the artificial
stone specimen has an obvious strain rate strengthening effect. There is a linearly increasing relationship
between the dynamic enhancement factor for tensile strength and the logarithm of the strain rate. This article
provides an effective test method and analysis technique for studying the mechanical properties of artificial
stones.

Keywords: artificial stones; Brazilian splitting; strain rate; split Hopkinson pressure bar; digital image

correlation; dynamic increase factor
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