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Dynamic stress equilibrium of
disc specimen under linear increase impact loading
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Abstract: In order to analyze the stress balance of the prefabricated crack disc specimen impacted under linear increase
impact loads in split Hopkinson pressure bar (SHPB) impact system, the dynamic numerical simulation were performed
by ANASYS finite element software. The whole dynamic stress history of the disc specimen was got, and the node
dynamic stress of two loading platforms and the loading diameter ligament of the disc specimen were compared and
analyzed quantitatively. The method to determine dynamic stress equilibrium was introduced, too. The results show that
the nodes stress of the platform surface near the incidence end are consistent, while the one near the transmission end are
obviously different. Although the node stress near crack tip is relatively close, the dynamic stress of the disc loading
diameter ligament on symmetry part are always unable to keep balance, and smaller difference can cause serious stress
oscillation. It is helpful to understand the rock dynamic failure and propose a correct test method to determine the
dynamic fracture toughness.

Key words: split Hopkinson pressure bar; stress equilibrium; disc specimen; loading diameter; dynamic fracture
toughness

e TR, AR AR R Z s MR Eh & 0% 2 8000 W3 AR AL 0T 58 T
AINBAA TR, FERHIERIOEA R 22 AN AERIUA A K S PUR SREEIXRE— 2 U
ENFT R Tl S s e AP B RS, 2HWIRE Y, SR — R AR
B, B AN DN SHPB R BT e T K& e FHARIZNZEN I PHTI, ol 2 ilhE P 3 o e 1

E&WmE: FERBAREFIEES R IITH (51004043); i g TR0 -E 2 A7 10 SCEIHTRES: B H (2011-M-39)
WimBH: 2013-11-28; &ITHHEA: 2013-03-07
BIEEE: 7k 4% BIEdZ, 4 Mm% 0391-3987934; E-mail: zsroy2002@163.com



76 A G EE R

2014 4E 1 H

TRE P AR RO, SR UE S A SR T #f e A
MEFZSEL, N A RIS T 9 AR T i
RFUAE Y, YANG 257 AT S i A i o
P BEATURN b BF [0 86 75 TR I 13 ~F- 48 () S AT T
7. BHEECIL e N e, T
FERTEIR NG BAETRAEE N N T o A kiAde, o ir
TPTERE R I P TR R0, Y. 147 1 52 SR
INAA A LA SRR AR 1 5

R ABARFENCE A B SRR, 5
—YE R ARPEA], S 24 I B AR TR
TR o, EEE YRR, RIEERR A IS E T
SURTZR A P N S B FE IR P IR AN AR, ook, [t
B/ INTHT AR 1 I A o R T FI R4 48 0) I 98 () TPl 2 6)
N ) P G . H R, P AE 2 6 R AR
BERI N S P8P R N 20T RODRIGUEZ 25°VF ]
LS-DYNA #Ax} LV [ S5 sh A ph i BEdEA 745
P, 1938 T 5 aRs I v B R N A,
TME I T 8l BRIC M T AT, 5 52 ) Pl
P T A L. AT B SRR, RH
BRI B T R AN R 0 (6 P 5B h A5 8 1 43
ARG, AHEAT R 2 LA TIRA ST, BT
X G AN T T L 4 0 [ B R . Y Al A
SEUNR AT, R B (A A S A I 248 5 1
Tk, RZ, B a B R KR 2 . N 1 Pl
PEAEE 0 T TR S bR 528 WM R
AR RN ) P AR PR T2 L

AAEERA ANSYS A7 FRIci Ay, ek
BATVE R & i 24 4% R BRFE A SHPB R sh &N
BOLFRAT T S ASBUEBI, 387 51 T 2454 1
BEARPE SIS N I TR iR, el 7 A B R Y )
SPTREE RRE AE  5, S A TR PR I 7S48 i)
AT A AR 18

1 E&REZS R EREE S

1.1 AL MRS
SHPB Zh A& ME ARG MK 1 i, AR A
vo IS, A2 ) Pl ek FR AT, I i e AN AT A 3]

[l i A I S i, AR B I A AR BB S AT
b AR I A Y A Kb £ P T A S TS SR
T 24 A A BRI R R BE B NS AT Ly
ANEEESIE S AT Ly A2 AT FRE I 0 N4 e 0 s A
IVARAE 5 TR A A 2804 s 1 ] ) Bh &S 28y
H1 A R TCASAEL 70 A A 220 FRJAEC SR ) T LA 7 5 A
BNAS WP  SX TP T B A S50 — A T 1

B 1, R P [ LR AT & [
#i W Ff (Holed-cracked flattened Brazilian disc ,
HCFBD), ¥ 4% Iy o] B #PE e AN 8 38 fir f4
il 0% HCA M EIZEOA LA 0.3, SRR
N 16.3 GPa, #2730 kg/m’ . ASSCAE S W FTIARE
U535 0 AR A% 80 mm, &/ 32 mm, FiiHlZd
GEKJE 40 mm, -5 A 20° M UL LELAR 16 mm
(] HCFBD i F¥ .

1.2 HERBAET

1T HCFBD s 47 IR ) BRI ) 285 v 28y (1)
ST ARMER FH AT V2R AL IR Y. ) 23 A AT 40 #T
KA BR TGS J7 2 mT AT A I — ) L. ANSYS
A SR AT BE D) BE, 22 Bl R ST ANAN ] R A K1
3 AT DA S A N ARSI ) W] ISP R S ik, BRAR TS
{J T S FURIZ44% 1) HCFBD iRk, K 2 s R H
ANSYS A FRICE AL AR BB o o TR
XEFRPE,  HCRAE I 2SR i) AT 40T . 5 RS 3
A5 R TR1S RO PR T 25 S BSOS A% Rk R
o AN 4], KA Planed2 ~FIRIFLICRAY, e
TR Jed TG TR N 240 5 1) DY A0 I A 23184 0 =
G TORIE 1/4 B 5 SR oe KA IR AR I I Y. )
AR T e o AR N A A DA T 244 U7 )
i BN X 7 ML, Y Iy E s B
AR Y I iR, X J5 I o2 s o s it n g vk
Bk .

B BRI I 22 Sl R s, T AT
] R 3 A, 2 BESCHRT L LR 560 0 288 far WA 5 o [)
FIREGRPERI B & A2 AE 200 MPa #0472 BT, B R Ik i)
ANTF 200 ps), e F fRIAR (R 2Rk 388 I i gy 24 T o0 0T
Wil 3 B, AR e v i 0 15 A R Bk b 28, R
NS U5 R PR ) Y A I TR T RE A 0~200 s, Ak

' Strain gage _ Transmission bar
Projectile Incident bar leL2 Strain gage
\l -
— .
Vo Disc sample

E1 FE#aFEAE SHPB 35 Kingon &K

Fig. 1 Schematic diagram of disc specimen loaded in SHPB system
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Fig. 2 Finite element model of disc sample (half)
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Fig. 3 Linear increasing pulse load
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Fig. 4 Stress distribution nephogram of HCFBD during dynamic loading at different times: (a) 10 ps; (b) 20 ps; (c) 30 ps; (d) 40 ps;
(e) 50 ps; (f) 60 ps; (g) 70 ps; (h) 80 ps; (i) 90 ps; (§) 100 ps; (k) 110 ps; (1) 120 ps; (m) 150 ps; (n) 170 ps; (0) 190 ps; (p) Static stress
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Fig. 5 Nodes selected from loading platform of disc
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Fig. 6 Dynamic stress curves of nodes in loading platform of

disc
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Fig. 7 Stress balance values calculated by nodes stress in two

loading platforms of disc
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Fig. 8 Node stress curves of along loading diameter of disc
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