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Study on Planar Impact Experiment and State
Equation under High Pressure of Red Sandstone
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Abstract: The high-pressure equation of state is the basis of studying the failure mechanism of materials and the
propagation law of shock waves under explosion or impact loading. The state of rock has a wide range of applications in
the numerical calculation of mining, meteorite impact cratering,rock impact protection,etc. Using a two-stage light gas
gun and Photon Doppler Velocimeter (PDV) , the Hugoniot relationship, high-pressure equation of state and volume
strain equation of red sandstone were studied. The lowest and the highest impact pressure generated by the collision
were 7.2 GPa and 19.4 GPa,respectively,and the lowest and the highest planar impact velocity were 0. 88 km/s and

1.97 km/s, respectively. At the same time, optic probes were used to measure the shock wave velocity of rock sam-
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ples. However, The Hugoniot-Elastic-Limit( HEL) point of the red sandstone was not found in the free surface veloci-

ty profile recorded by the PDV ,indicating that the red sandstone was in a near-fluid state within this impact pressure

range. Furthermore , the shock wave velocity D and particle velocity u were linearly fit by the least square method , and

the Hugoniot parameters of the red sandstone were C; =3.04 and A =1. 14 respectively. In addition , the relationship

between the volumetric strain 1 and the impact pressure P were obtained by polynomial fitting, which was P =

116m — 7457 + 18457 , and the nonlinear fitting coefficient was 0. 993. The Hugoniot equation of state and bulk

strain equation of red sandstone obtained in this work can provide reference data for numerical calculation and engi-

neering application in red sandstone rock blasting,shock protection engineering,and so on.
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Physical parameters before and after shockwave front
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Table 1 Properties of red sandstone

28 p/(geem?) v/(km-s™") wv/(km-s”")  E/MPa G/MPa mn
BH 2.65 4.32 2.59 43.4 17.8 0.22
2 ;Eﬁﬁ;‘i Limit, HEL) ,
45000 -
2.1 HhEmMEFLEEE 40000 | 1 I-Fid
T UK 24 A0 A i [ % R S I e =M 35000 2-%h
BT 6 T LT A 50 8. A whils _ 30000
ISR T i I M I B AR L I & 2300
T 2o B 2R G R, — R S 5 200001
3 BT P 4 ARSI SO A R T ool
SR, AR — o o a5 OB, 7 — 4 T o o so00l A
SR bl B AR R TS . MG T2 A 22l ]|

AN A ST i o U B TR i G F S T %) B ] (] g
RI AT 338 b e AE A rh B MG RE R 18 S SRl 2
eI EAL AR LR R BB . TR
AR ROCRORE 22, O T i A SOGROR B 5
fEME LL, 7025 FE J5 ST RS I — 2 20 pm B9ER T A
PO 2238 i D S ASOAN ST LA SR AG s 38 B 38 i e
ST [E] , v LAIC 53 AU b o R A, e
X T A3 B, T LI e B A i ) T 2
iR AFE 19 Hugoniot 78 98 4 % 2% /5 ( Hugoniot-Elastic-

0
10 20 30 40 50 60 70
261/°

K2 ZLEbSA XRD T4 &1
Fig. 2 XRD pattern for the red sandstone specimen
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Table 2 Experimental data of equation of state for red sandstone measured by the impedance-matching method
w/ po/ h/ D/ u/ o/ P,/
Shot No. 4 5 . . N n
(km=-s™) (g:em™) mm (km+s7) (km-s) (g-cm™) GPa
hsy#01 0.88 2.65 3.05 3.91 0.691 3.255 7.2 0.177
hsy#02 1.06 2.65 3.04 4.02 0.869 3.419 9.3 0.216
hsy#03 1.42 2.65 3.04 4.24 1.105 3.625 12.4 0.261
hsy#04 1.61 2.65 3.05 4.40 1.247 3.740 14.5 0.283
hsy#05 1.97 2.65 3.04 4.86 1.503 3.880 19.4 0.309
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Fig. 7 Free surface velocity profiles of sample

obtained by PDV under impact loading
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Fig. 10 Relationship between volume strain and shock

pressure of red sandstone under impact loading
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