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SPLIT HOPKINSON PRESSURE BAR TEST AND NUMERICAL ANALYSIS
OF SALT ROCK UNDER CONFINING PRESSURE AND TEMPERATURE
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Abstract: A special split Hopkinson pressure bar(SHPB) under confining pressure and temperature, triaxial static
confining pressure and temperature split Hopkinson pressure bar(TSCPT-SHPB), is designed. The uniaxial
dynamic mechanical performances of salt rock with the confining pressures ranging from 5 to 25 MPa were
studied experimentally and numerically. The salt rock under the condition of temperature ranging from 40 ‘C to
80 ‘C and the confining pressure from 0.0 to 0.5 MPa was also tested with the TSCPT-SHPB. The influences of
the confining pressure and strain rate on the dynamic increasing factor(DIF) of axial compressive strength of salt
rock and the effects of the temperature and confining pressure on the dynamic mechanical properties of salt rock
were analyzed. It is demonstrated that: (1) The effect of confining pressure on the ductility of salt rock is
tremendous under dynamic loading. (2) The salt rock is a rate-dependent and temperature sensitive material; and
its maximum dynamic compressive strength increases as the strain rate increases; while the peak dynamic
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compressive strength of salt rock decreases as the temperature increases under the high strain rate of 400 s *. It is
noted that the increase of the maximum dynamic compressive strength under low confining pressures is more
obvious than that under high confining pressures. (3) The approximate expression for the effect of confining
pressure and strain rate on DIF of salt rock was presented; and the relationship between peak confining strength
and temperature under the high strain rate of 400 s * was also obtained from the test data. The experimental results
by the TSCP-SHPB were validated by numerical simulation, in which the modified Drucker-Prager model and its
experiment-based parameters were used.

Key words: rock mechanics; salt rock; split Hopkinson pressure bar(SHPB); confining pressure; strain rate; dynamic

increasing factor(DIF); temperature

][l

1 3

T s A RSB RUF G AT b (e
AR A A7 38 P ) R g 2 e P (R
BN A2 40), B, A TR LK R 2
4 000 m M ER S 2 A A A, KRR
A R R P P 1 e A M A 1
PO DAL T ROIR S, BIARHUN Sk 5~30
MPal®l, TAEEEERAE] 100 C, 7FARA R L
WA TAEIE sl UL R MR il it R 2% )
It B AE T o DRI 2 0 Bl R T 32 ) 2R 11
TIFFC LA B 1 i A o PR RS T 1R 8h 0 24T
FX A EE AR e . TAE R I e WA
LI BRI TN ELR S Bm 2

FVE T b R R 4E i<k T o0 3 AN
Be: (1) SRPERTBe: Ehim B B s b i AR 1
8. (2) JEAREYESREY BE: Eh PN AR S
=R, PLA ML, EER LT RET
T, NARAWE R, BN AW N,
TGRS, R PRI ORI I, 4 F)A
AR R EAR PRI, N AT, (3) BRBYEL:
FE R A IR B R R LU, AR A e A
RS IR, AN AW ISR, )
LRIB PR, R R HAT R I REPERRAE

I. W. Farmer I M. J. Gilbert® 5 T #h £ 1r) =%l
Fit ) Seg AR, HERCT a0 3.5 MPa I, #h
ST I AR A N AR RE AR AL . AE N AR R
TR, BEZLUNY R SR ALY A, b
R, 520N, hE RN M E 11
WAL, S UL RSz s AT T $hie
TR RGESE, AR, R RN AR b
BT, R R GRS TR AE, R
b A B D)9 PR B AR N T R R R S B A
by KA AR AR RN (PR AR R 100~

10° s WKEh J1AAT M AT THRSY, 45K, hs
FE P T 200 m/s B ARBRHEABIREN B, 1
£ 70~200 m/s I Iy H AL T-3h &SRS . <) 1
[ AT T S TEHE K SHPB Sk, 4534k
B, #hig & — MR R GURR RE, R EER IR
F) S A8 R AR o A0SR B R R R =
BBl 1738 N AR 28 ide 20t #hos —hssm i . Al g N
AR A [ry S AR S B A P R R e R AT T 40 B
GC, 3 H PR A N 38 5 ) 2 M T e I ot
LA, N ARl 7.5x10 °~1.7x10 *s I JE T
HREa, R A BN R . A
RS B A T, S SOOI R
(R ) 5 JUEAT TSI oe, 25, A
BB J3E 2 W UL PSS P TH R T AR o R 81 S 2 Plp i o
THREIN 24 CTHE 270 CHFEhA S #PEREAR
b, IR I Bl st A R Y AR LU R B 1 T
T R o e /NP 2 OV el v Vs = Sl A 3o
28 Py et )5 5 A ARG ) 2 P R AT TR, SEER
SE R WoR IR T R s R RS il e A
BEE L B, A B A R R T e
Jo SEBRTREH, S Ak B SAE A  ek JEE R
FEIERIAEAERT, AR H AT E A AT A R Eh )
AW BB T S Kol 5 R L PR 23 25 B o

L B trml W, A TR ) 2R e )
HIF 9T 2 A 0 PRt 2 AR R M AN =l ) 2Rk
ZAEGE SHPB S 4625 B G i [ RN B2 1) =)
B, R = 0] $h2A 7 R DL SR 3L R 3l ) 2
RS

ASCRI A EAT R T 2% 18 AR ) SHPB
SIS E TSCP-SHPB(triaxial static confining pressure
split Hopkinson pressure bar), 3Tl 5~25 MPa
(1) SHPB 5255, AT b AEBIRAERAS, Bl RFIR
A 0 H B il ) A b Hs ok 5 s ) 1 K R H(DIF)
{52 1 P e 2 i ot i R N G N i e - 1
FE AR 52 5625 & TSCPT-SHPB, -3 i 1225 & %f



*1758 «

HAT D1 TR

UL SEMTE S FE A TR Ehea MR Bas 2 Pk g
AT, 49 20 FIELEE AT FLAE I 62 i sh &
T3 - NARRA ML, RIS H 8RR 2 S IR TR
T UL i B AR A IR PR AR

2 SHPB 1§35 B RIHH

2.1 TSCP-SHPB 3383 E#HI
—YE P BLIRAIRY 3 S AR B 1Y) SHPB ¢
E“”rwzr“ﬁﬁﬂmmr“%f;(lolfvlo“ s s
i SO ¢ 75 mm TSCP-SHPB 5256 2% & 41, 15
FE4E 1) SHPB S0 2he BRI — [ il 2, il 1 B
ANe AP ONERFRLE AT K 43 51 300,
3500 #2000 mm. AR HAE, %80 7 800
kg/m®, BAVEREE K 210 GPa. AMF7E S i i R b i)
SP-I4 I8 AR 2R ph 4 S e o N SRR 1 R
YRSE o Oy AR A T SE G LR AR RS, BEAR R
F T 850 S22 AR, B 1R e it n fr e
P, ke E R i AN e R . = )i
FEALE I 2 Fros) IR Hs Al in B AT A
BEmeE 3 Mo AL, A5 AT 2 HRAT A 32 th
FHUKMAE RGN =L 0R ), KR RS
PR T i (20 | NN S L N O i 2
BEH o WU E AT AR ) e R T
SEOG . A S MR S I A, PR SE R R A
F it 0 R RS e 5 B 1A o 4T Ik R v R AR T
FEG I E R, R O v TR L (W
Bl 2(b) T 7R) o SEBG R AR B R A B 1 3 TR
AT XA HR AR Ry AR s LI S g DR P
SOINAER, 3R AR A (B R LR N 4 B INE
SFFI) R T RO PR o i I AR AR B, R
Bk BN AR B o SESG R PSR AR it o s, I
PRAF— 8 I ) J5 I BdEA T S 5
5T TSCP-SHPB S5 B4 (1) 1L 704 Y TE WL

% 4.

A

T op b R /uqt;ac
: N s
] L |

R

b R B
TT KD6009 J# 25 [l K 4
|

[
[KD205 ZE5kd i |—{DSO6014A K o | Budis b3y 245

K1 TSCP-SHPB 5444 i i ]
Fig.1 Schematic illustration of TSCP-SHPB test device

T

(c) Pabhes

2 =R
Fig.2 Device of triaxial confining pressure

PN 950 mm

22 mm SEGH

- — o —
1" of - 3" 4"

' T L

G\

300 mm

2.5
2.0
15

1.0
05

—~1 'Mf{’:f"/'

—15F
—20+F

0.0
—0.5
—1.0

1220mm | [T 14dmm

3 500 mm 2000 mm

K3 seierh & AR A
Fig.3 Positions of strain gages in the test

e LRy
LA 2 N S
3R fy

1

£
—— g A ! 4
} \

,,*—»'-V

Y

0.0000 0.000 5 0.001 0
ETS

(a) Z=AT B

00015

0.0020



3K oM i &% BRSEEILFER T S5 SHPB SE3 K BEH /T *1759 ¢
[ —e— 1t A P
|z 1 | P
3 Iy 77777777 V7777 3
—— S il - e s
1l 11 HhE 2 A3 bos
> 0 T3 et bt d ma IR A
“ir Lo 11 N e | MV
ol i il %) e — 7
\ /7777777777777777777%?777777 /
—3L L I /
i AR R

1
0.002 0

0.0000  0.0005 0.0010 0.0015
B al/s
(b) HlE 5 MPa
3 -
2+ r/‘&
\
1t ! ki
N 1
]i or N t \1 ] \ "
7 * /
2 -1} 17 iy
—al i i —o— 1/ AR
Vo o
sl e )
}J, —a 4P AR B
—4 1 f 1 1 )
0.000 0 0.0005 0.0010 0.0015  0.0020
TS
(c) HJE 15 MPa
3 —
2 -
1 L
> 0 " -
= L /
B —1r Lo
. Lor etk
i l\ * —a 2R
_al ki —— 3" WS
*\*?' +4#E£¥\"H“

1 1 1 1 1
0.0000 0.000 5 0.0010 0.0015 0.0020

I &) /s
(d) HIE 25 MPa
B4 RNAR R A ) SR

Fig.4 Typical waveforms measured by strain gages

2.2 TSCPT-SHPB I8 EH#I

5T TSCP-SHPB SUiGhe®, e bl B nak
BE, Ry TSCPT-SHPB sz & . H % il i
ik 5 fion.

£ SHPB 526, — R R 2 Bl ikgn il it
T — ARSI R R e e kA
— A R IR A RS
ITRGMEE . Pk SR & s A3t PR N
fAf 5L, HASTEBE FAT A=A i AR . E L T

(a) i

AL

m R

,.L Ik B 2 I
~ e b H
4 TT ] TERRERRREN
HUSHE N

(b) P
5 TSCPT-SHPB 5% 5 Ji 34 5]
Fig.5 Schematic illustration of TSCPT-SHPB test device

B A AR B R AR AR, SR T R R B
P, G JPAER FAT AR R o A A O
DRI, DA 2B B Ak R A Aot 2 36 SR 4 3] P . A A
SHATEIE. B RO AR R T 0 AT R
FEEE AR, (ST 2RI SEI0 e B . Feik
IR L S BRA R RS, S50 i im wfE DA il . AN Sk
BT AT, BIERR ) 0 s s AR Fh e in
PBE, AR TR, &SGR s .
M. Krafft 5B RRE T R, AR 300 CHY,
LR AT 22 M re 0 sgmm n] DL 2 AT, i b
HOE R AT IR E R B IE . AR ST E i
FEAR T 100 °C, AN ) A2t P 0T AT A
SRR, AT R B IE .

3 TSCP-SHPB LG 45 R H 4o

ME 4@ LA H, 2T i) 15350 T %
A RIS, 0B S50 v NSRRI ST 8 TE
IRz . 25 RGBS RS, A
SEI A IR AR R, 43 A 5, 15 1 25 MPa.
AR 6 fron, HEARAN 74 mm, JERE, 37
mm, SEEEERILEE 1, Hrh o NSER R, £ il
PP BINAR R, o) NUEMEN ).



1760 ¢ EAIE S TR 20124
100 -
/V—V—V"'V—F-'-D\»
80 - >/V‘ - Q,,_$—~?-$v’ e
Pt e
] Sl
% 60 "?f“.o" e
43 Ao® e c.=0MPa %oy
= 40 Wil —e-0:=5MPa SR
1 A Oc= 10 MPa
g O = 15 MPa
20 —&- 0.= 20 MPa
1 —p— o, = 25 MPa
8.60 005 010 015 020 025 030
N4 & 1%
a 7 IRV R o A s 4 it )
®) Fig.7 Static compression curves of salt rock under different
Ke henksr confining pressures!
Fig.6 Specimens of salt rock
- ] 8 SR BT 3 FhTI Ri AR R X
f;;f;iﬁ:?fﬁ 9 - AR, Heeh, & R i R A8
able - est data
- — B, ATLUE L, NARFAHLTR, RO S AT
RIS Zls a
Mtk o IR A A TR F %
' A _ _ s
55 6 426 14550 _1E9%ﬁTﬁ#51EQ—%5M%,aJ%
5.3 5 519 158.28 s Mo,=0 MPa, £=0, 196 s &M TFHIMN ) -
5-4 5 695 167.86 NARhEE . nTLAE H, NARRAHITR, A6 AR
5-5 5 739 193.73 FX # A BB 2 AT AT AR K5, T A h
15-1 15 440 150.11 WAL Y RIS 2 i v, X A T L s ) S
15-2 15 476 158.73
15-3 15 535 163.21 180
160 -
15-4 15 609 165.16
140 +
15-5 15 631 175.96
120+
25-1 25 531 163.41 § 100k
25-2 25 433 142.45 E 80 . £=4265 "
25-3 25 430 140.77 B » £=433 5:1
25-4 25 513 155.58 20 P e=M0s
., £=4765
25-5 25 574 155.28 20 .= 25MPa, £=531s
25-6 25 597 186.25 047 ] ] ] I I ]
000 001 002 003 004 005 006
e PN & T s R O . Nidss
(@) € =4255!
31 BEEMEEHNESRNS - NI L&A Mm 200
HAETRIEE, B 7 25 T AR S 3R ﬁ?
BIRGTI&S . N 7 WTLLE e, RGN R ol
A EE N ) B, VRSB TSR T, £ 120r
1 G Pl s IS U i I {8 I I ) s JG PR AT R e Al A1 Eﬁ? S apa - 600s:
> 57 NEL > S LN 3 —®— 0= a, &= S
L e O 25 1 5 1 0826 AR R R s IR . e s stoen
AHVENEAT Ay, IX U W R [ 0 T 365 (8 40 —+—0;=25MPa, £=5135 "
20 —~v—0.=25MPa, £=430s"

IS ) RHEVEA W S (S INPE R o VMBI ) o, L5 1Rl T
o, R AR LT B~ AU G
o, =-0.118 707 +5.146 75, +30.9214 (1)

0.00 001 002 003 004 005 006 007 0.08
WA g
(b) &=550s""




F31HE Fol 7OFEE: BESEEICEERT AT SHPB S8 K HUE 44T

* 1761«

200
180}
160} -
pEER
140} “
§ 120 s . )
2 ool r, v 0,= 15 MPa, g=535571
R e =25MPa, &=574s
el —« =25MPa, &=597s !
60r e =15MPa, $=631s !
40 — s 0;=5MPa, £=6955"
20] 4 ;=5MPa, £=739s"
0 1 1 1 1 1
0.00 0.02 0.04 0.06 0.08 0.10
WA g
(c) € =598s*

8 e NAR A [ O ) - AR 2 PR R
Fig.8 Effect of confining pressure on stress-strain curves
under high strain rates

140
—=—o.=5MPa, £=205s "'
120 i A 0=0MPa, £=196s ')
100 Ji e a=5MPa, £=0s 00
< * - =0MPa, ¢=0s'C
S e
K
& St R B b
Y S el
40F me
20578,
AA
O-j A*-A 7y 1 1 1 ]
0.00 0.04 0.08 0.12 0.16 0.20
NAS &

9 . ToNARFRIN R #hA N ) - AR 2R 1 s
Fig.9 Influence of confining pressure on stress-strain curves
of salt rock with and without strain rate effect

M8 BRAh, AT TCE AR s T2 v
2 LU B, B8 R A (R I 22 e L AT A
IR ZEAE ST A o SOMR R s 25 1 % S 6 K vl LA
A, BN EAE TR HE o Eh W e Y ) i) 52 m (AL
K 8) AN AT R (LK 7) 2%, X eI h A
T B R S AR, 1 AR i A S R AR A N AT
Pl S T AE SR SHPB S0, 6 Tk
Jis JIRA SRR B4 0 A 4 PR L s 4 o B8 o 17
AR AR A E B E T B BRSO, JFA R
TERIAZ AN, i e B A 1 1 AR IR 28 A
WGk, R R AR SR AN T T, A e B
AR 1 A R A A W S A R s A TS
PR o s N A4 DIF A AU Rl s i I (P A
JESCoT)s 1 DIF {HIE AR H B MRhARN
W 5 A N A 2 LE, DRI LB AR W I ) 1)
FEBONAN I T 22

32 EEMEATRAEMNERYHHR

B 10 25t T ANIRINAR 3N B AR Bl s 44
U, WTLLEH, T, ARSI A 1
SR PESR A RN, (ER IR N AR A R AL

—A—£=4735t
—%—£=6955
—e—£=8655 !
—m—£=11145"

N} oIMPa

090'00 0.005 0.0100.015 0.020 0.025 0.030 0.035 0.040 0.045
NAE e
B 10 FRBRGE A T s i AR SR g )
Fig.10 Stain rate effect of salt rock under uniaxial
compression!”!

Bl 11 5 T AR N s sha& iy -
PYAR o M ] A A (7] 3 A% 2 1) S 56 25 vh
ATCAAGH, A AR AR R SR U k), H
s (LS A1 25 MPa) AR a5 AL 50N AN Wi
Fl (5 MPa) i, IX[AFE 2 i T 5l SHPB S:46
(RGP R e, e LS 1R Y AR s A 28N AN
fRHI T 52 (PR LY 3.1 44 .

200
180
160 |-
140+
s 120 +
S 100f
E 80} —=— ;=05 0
B oeok —«—£=4265 "
40+ —v—£=519s !
20 — e £=695s5"
0 —a—£=739s !

0
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
NAZ &
(@) /% 5MPa

\ -1
—A— = s
180 —w—£=631s
160 _« ;=609
140F —»— £ =440s !

1

1

& 120F—=—£=0s_
% 100 %,
R L

z 8o/

60 / —"
40 -// —
20,

0% L L L )
0.00 001 002 003 0.04 0.05 0.06 0.07 0.08

NAE g
(b) HIE 15 MPa




+ 1762 . EAIE S TR 2012 4F
200
1801 #2 X RHME
160 Table 2 Values of coefficients in Eq.(2)
140+ -
© o, IMPa A s B
120t c
% —a—z=0s 'l
T 100 Y £430s 5 0.01125 0.540 75 1.02353
R © gan el
= 80 I -gfg s 15 0.014 82 0.637 93 1.009 94
60 +€ = 37
¥ —w£=53Ls 25 0.002 26 1.009 94 0.983 73
401 & =574 !
2084 —»£=597s"

0 | | 1 1 1 1 1 J
0.00 001 002 0.03 0.04 0.05 0.06 0.07 0.08
N g
(c) M 25 MPa

K11 AR R $ha i AR 20N

Fig.11 Stain rate effect of salt rock under confining pressures

33 FRIEETHE DIF gtk

EXERHS MK RZBDIF =6t /6°, Hof
H ol 43 A TR — BB RS T 1 8l A W ) WA 55 i A8 Y
JIVEAE o FSERG A 1) R A AEAN R e o AN ] AR
HRMIN VAR, AT AL 15 3R A MR AE SE 6
16 Y 8l 0 TR 2 B TR s R A 2 AR Ak il 28,
WK 12 Fis.

351
—o— [k 5 MPa
3of &Mk 15 MPa
—a-- [f] Ji 25 MPa
=
&)
A
A
200 e
-------------- /
......... -a
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwww -
15 |
100 1000

AR &[5

Kl 12 AFEEE T A DIF 5 RNAR R R 2R
Fig.12 Relationship curves between DIF and strain rate of salt
rock under different confining pressures

S SR S W)
DIF = Aexp(¢/£°)+B 2

R QG EE N 1025 1<£<10°s L X T
ARSC 3P R s 5y, AR ArE RELA,
B il &" i L4 2.

4 TSCP-SHPB #{&#&E#l o2

At USRS BE S e, ARSI SR

BRSNS H, T 0 2% g [ e R 9 AR 22 250 W (1)
Drucker-Prager £ JEAT 40 {E 73 Hr, A7 PR e AL AL
Bl 13 . R T REHEEN 0, TR —AN R
SRR, HCAE VAT 1) 6 AR R T T 404k, {lidE
Tt R AR D 10 A oTs Nl R
ABESy s AR BT TINER, AR5 8 NI AT i it
TIN5 SaG AR R A . ShA PRI S 2 2 200
kg/m?®, BEYEREEL 8 GPa, JIFALL A 0.37, WA EEHE
S EIKAIECH 40° NSHATF. SBHAFF R SF K
K503 5 S50 AH ]

K 13 #h4 TSCP-SHPB 55 (1147 B C
Fig.13 Finite element model for TSCP-SHPB test of salt rock

A IR AN R T e A, JCHRAE
IR B, R ARSI REPERF AR, #ORE Drucker-
Prager 578 (1) 98 P [ BE gk AT T it /& Drucker-
Prager AU T 3 AAT I IAHIER, ILAEAN R Y AR
AR NI RN g 5 SRR AR G R WL 14, %)
ER 25 A T H R Y A% 2 3 [] 52 i I (1) Sk B AT
BB, BB gE Ran ] 15 F1 16 Frox, nfLL
i, BEBRLS SR H AR S BT

5 TSCPT-SHPB RSB ZEREEHS T

Z e B SR E AR e SEBR AR AR 100°C
LR, JF3EFY 3.4 A1 3.2 FrwfFoT & BRI Rl & 5 26
ORI R B RS e, AE 2.2 SRR ETTFRE T R 3
Bty O B TO0 R IsRE . £ESE 5 b il 1 th &
TPEAAR, M b #h g AR R AR FF— 3, T



F31HE Fol 7OFEE: BESEEICEERT AT SHPB S8 K HUE 44T

200F
180F
160F
140t D .
120}

100}

80 / ----0:=5MPa,
o A 0.=5MPa, £=426s!
;=5 MPa, £=7395*

) A , )
——6.=5MPa, £=519s
20}, -

Je HR Y J/MPa

0
0.00 0.01 0.02 0.03 0.04 0.05 0.06
I AR

Kl 14 #hoa ey ) 5 BB N AR ) 5 FR it 2
Fig.14 Relationship curves between yield stress and plastic

strain of salt rock

WA JE A — AR R ERA N ) - ARG R, P
AR N 400 s o % THL B - AR iZE N e 17
B, WLAEH, ShareBE/EH Fsh AT A
I I B RGN, RII K I g Ve (i B 5 T o 1
BAGs HEINFE IS, AhoA IV (E Y ) g e, (1
Fil [ A\ 0.25 MPa 254k 31 0.50 MPa I 3 7 6 A 438 i

220
200
180
160 | e e,
140 AR
g 120f g s
b= - %
S 100 A
E o8ob /.///‘ — AR 5 - 20K )
6o &* —a— W 5 - 2(39: )
40 P - - W 5 - 3(HUE L)
20 %‘ —o— M} 5 - 3(SLIR L5 AL
0
—20 | I I 1 L L !

0.00 0.01 0.02 0.03 0.04 005 0.06 0.07

PAR
(a) % 5MPa

220
200+
180}
160} , "
o 140 >
o
S 120f
= 100}
2 go X .
60 — - 3R 15 - 28U
40 —— R 15 - 2(S2 I 45 )
20 —— B 15 - 5B R)
0 —— ) 15 - 5(SLI 45 )
J— O 1 1 1 1 1 1 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

A
(b) L 15 MPa

1763 ¢
180p
160F
1404 PP
> 5 I~ —
120t \
S 100- L
R 80f
2 eof — -~ W 25 - 4K
40k, —o— AP} 25 - 4(SEH AR
20k — M 25 - (R

o —a— 1 25 - 6(52B )

8.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
(c) HE 25 MPa
K15 3 Tl i T B AR 5 S0 45 RS L
Fig.15 Comparisons between numerical simulations and test
results under three confining pressures
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Table 3  Peak stresses for different cases

, VEAE N F1/MPa
WEIC
o.=0.00 MPa .= 0.25 MPa o.=0.50 MPa
40 76.01 126.88 126.06
60 59.08 109.12 117,51
80 67.42 101.64 109.48
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Fig.17 Stress-strain curves under different confining pressures

and temperatures
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Table 4 Values of coefficients in Eq.(3)

T/IC a b c
40 —413.52 306.86 76.01
60 —333.20 283.46 59.08
80 —221.04 189.64 67.42
+
6 & it

RS RAE R R SR B 12 E T RE, AL
FET A W) v 5 R R AE - Y TSCP-SHPB . 5K
U E, W4T T 5~25 MPa [ 15 K £h 5 Fl 5 A
N R SEBGAIE TR B AT, D8 T R H R AR )

H IR BB 1R g R, IR B ]
HB 0T R B e Dl B2 AN R T TSCPT-SHPB S 46 ¢
B, SSIRI0NF, 1R E T LT E I 2 100 CA
FEL AN I 1 MPa 251 AL 5 PR He 21 [ i 28 5

(2) Ehie 8 T R MBURTE AL BURPER RE, H
A VAR R A O R B R AN, ARAEAN R [
YERF NASZEBRA RN AR, KFE (5 MPa) T itk
A4 L v [ He (15 T 25 MPa) 2 3% .

(3) iz k5 ABAQUS A BRIyt )
Drucker-Prager #5714, DL A [l Hs 1 AR 28 2008 (1) 55
KHIE AR BN TS, 6 R RN AR 2 3L [
YEF I Eh % TSCP-SHPB Si kAT B A= g, H5
gl IR 5 S 25 w5 14T

S &3k (References):

[1] HUNSCHE U. Result and interpretation of creep experiments on rock
salt[C]// Proceedings of the 1st Conference on the Mechanical
Behavior of Salt. Clausthal, Germany: Trans. Tech. Publications,
1984: 159 - 167.

[21 WM, 807, JErTe, 5 BRI E R R ] )
23k, 2008, 38(4): 484 - 494.(YANG Chunhe, LI Yinping, QU
Dan‘an, et al. Advances in researches of the mechanical behaviors of
bedded salt rocks[J]. Advances in Mechanics, 2008, 38(4): 484 -
494.(in Chinese))

[81 JEdfr, ERW, FWELL, 5. A S HON ) i SRR 23
W) A 15 TREA4R, 2004, 23(23): 3 954 - 3 958.(TANG
Jianxin, WANG Hongtu, LI Xiaohong, et al. Measurement and
characteristics of in-situ stress in deep rock salt mine[J]. Chinese
Journal of Rock Mechanics and Engineering, 2004, 23(23): 3 954 -
3958.(in Chinese))

[4] Wt B9k, RORTE, S ER7COU T MR SRS ROR 4y
Mr[dl. w22l a4k, 2009, 19(9): 125 - 131.(XIE Lihua, LI
Helin, ZHAO Xinwei, et al. Statistics and risk analysis of underground
gas storage accidents in salt caverns[J]. China Safety Science Journal,

2009, 19(9): 125 - 131.(in Chinese))



31 9

77 FE. BESEREIREEN T S

) SHPB S8 K BU(E 43 Hr « 1765«

[5]

6]

[7]

(8l

[

FARMER | W, GILBERT M J. Time dependent strength reduction of
rock salt[C]// Proceedings of the 1st Conference on the Mechanical
Behavior of Salt. Clausthal, Germany: Trans. Tech. Publications,
1984: 4-18.

RO AW, B A U VA7
N0 B AR B BCE T, 2003, (WU Wen.

P S IR RIS

Experimental studies and theoretic analysis of static and dynamic
mechanical characteristics of rock salt[Ph. D. Thesis][D]. Wuhan:
Institute of Rock and Soil Mechanics, Chinese Academy of Sciences,
2003.(in Chinese))

P8, LB PR R A T A TERE A SC R

BT[] By LA2, 2011, 4(33):

HBE, EH
6 - 10.(LIU Weiguo, WANG
Xiaojun, JIANG Xiquan. Study on the dynamic behavior and
constitutive relationship of salt rock[J]. Protective Engineering, 2011,
4(33): 6 - 10.(in Chinese))
A0, RN, Bibeid,
W] AT

L. AR B A0k Hh o S PERE R
5 TR 4R, 2011, 30(12): 2 507 - 2 513.(JI
Wendong, YANG Chunhe, YAO Yuanfeng, et al. Effects of loading
strain rate on mechanical performances of salt rock[J]. Chinese Journal
of Rock Mechanics and Engineering, 2011, 30(12): 2 507 - 2 513.(in
Chinese))

WREISC, WA, B2, TR R 38 3 R v St o [d].
HJ1%, 2007, 28(2): 231 - 236.(CHEN Jianwen, YANG Chunhe,
MAO Haijun. Experimental research on dynamical properties of rock

salt during rising temperature[J]. Rock and Soil Mechanics, 2007,

28(2): 231 - 236.(in Chinese))

BN I B NI N N I N N

THARME :

A A A AT AT A Al

ATRTIRTA

AL LA

&

T Cafi S TR BERRR R AN S

g

@
(2) BEIE I G H I KRBT AR LML ) 24 PRI 9T 5
(3) VONIBRE R LT 3 B) I Wi 2 AL 5 5

(4) HRAE RS

(5) ISR F IR B A A TR R BEHOR

(6) i AIK I BERARAS E VB TLsE LRI 5

(7) IR T A1 22 85 A0 H B A FLE A AR 5 S B
(8) RIS ILHEIUIE TIYI 4 A TR VP A 5 KIRRE 7347 o

[10]

[11]

[12]

[13]

[14]

[15]

AN BN, 2 30 AR RN B T AR R AR K
IHFFE]. 5112, 2005, 26(11): 1775 - 1 778.(GAO Xiaoping,
YANG Chunhe, WU Wen, et al. Experimental studies on temperature
effect of mechanical properties of rock salt[J]. Rock and Soil
Mechanics, 2005, 26(11): 1775 -1 778.(in Chinese))

FALSL. NIy P HERLIM]. dEnt: [EB T AL, 1985: 52 -
60.(WANG Lili. Foundation of stress waves[M]. Beijing: National
Defense Industry Press, 1985: 52 - 60.(in Chinese))

KRAFFT J M, SULLIVAN AM, TIPPER C F. The effect of static and
dynamic loading and temperature on the yield stress of iron and mild
steel in compression[J]. Proceedings of the Royal Society of London,
Series A, Mathematical and Physical Sciences, 1954, 221(1 144):
114 - 127.

CAMPBELL J D, DOWLING A R. The behavior of materials
subjected to dynamic incremental shear loading[J]. Journal of the
Mechanics and Physics of Solids, 1970, 18(1): 43 - 63.

ZHANG M, WU H J, LI Q M, et al. Further investigation on the
dynamic compressive strength enhancement of concrete-like materials
based on split Hopkinson pressure bar tests, part I: experiments[J].
International Journal of Impact Engineering, 2009, 36(12): 1327 -
1334,

JESO TP L - ABAQUS R A BT ) #1552
BIM]. Jbat: BFSHRAE, 2005: 214 - 217.(ZHUANG Zhuo,

ERN

ZHANG Fan, CEN Song, et al. ABAQUS nonlinear finite element
analysis and examples[M]. Beijing: Science Press, 2005: 214 -

217.(in Chinese))



