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Effect of interlayer material on dynamic mechanical properties of rock mass
with combined hard and soft media
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Abstract: A split Hopkinson pressure bar (SHPB) device was used to study the dynamic mechanical properties and
deformation and failure characteristics of the rock mass combined with different sandwich materials, using sandstone and
granite as the soft and hard rock matrix. The discrete lattice spring method (DLSM) was used to further investigate the crack
propagation, the reaction and transmission at the interlayer interface and the energy distribution characteristics of rock mass
combined with different interlayer materials. The results show that the growth factor of rock mass dynamic strength increases
with the increase of rock mass dynamic compressive strength, showing an obvious dynamic compressive strength dependence.
The rock mass combined with different interlayer materials has a obvious nonlinear section in the initial loading stage, and the
closed pores and cracks in the sandstone of non-interlayer rock have the longest nonlinear section in the initial stress stage.
With the increase of the strength of interlayer material, the obstacle ability of interlayer to crack propagation and development
of rock mass gradually becomes weak, and the energy consumption of rock mass crack and failure is gradually reduced. The

failure of the intercalated rock mass starts at the cementation surface of the intercalated rock mass. With the increase of the
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strength of the intercalated material, the failure of the soft rock near the cementation surface is gradually intensified, while the
hard rock has no obvious failure. The rock mass with interlayer has a good clipping effect. With the decrease of the strength of
interlayer material, the peak stress value of both ends gradually increases and decreases, whilst the energy absorption density of
the interlayer rock mass increases in a short time, and the stability becomes worse, so it is easy to be destroyed.

Keywords: intercalated rock mass; crack propagation; SHPB; discrete lattice spring method
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Table 1 Basic physical and mechanical parameters of rock

AR B/ (g-em™) P/ (m-s™) WBAH/ (kgm2s™") PSR R E/MPa HICRE
i 2.48 3350 8308 38.5 3.85
ASES 2.63 5415 14241 146.0 14.60
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Fig. 1 Rock mass designs of hard and soft media combination with different sandwich materials (unit in mm)
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Table 2 Basic physical and mechanical parameters of sandwich material

RS I/ (grem™) HUE I /MPa BibERT R/ GPa LN P13 J1/MPa
AR 1.73 145 19.6 0.3 13.9
BFFEL 1.84 26.9 26.4 0.32 17.2

A 1.06 2.5 0.96 0.25
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Fig.2 SHPB test system diagram
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Table 3 Peak strength of rock mass with different interlayer materials

RIS JeZ R TNz </ MPa il B /(m-s™) S PUEIRE/MPa SEH{E/MPa
WIC-1 0.33 8.832 64.60
o 64.56
0.33 WIC-2 9.171 64.52
JCA-1 ) 0.33 8.754 47.84
AR B 47.63
0.33 JCA-2 9.130 47.42
JCB-1 ) 0.33 8.731 58.85
BA AL 58.24
0.33 JCB-2 8.457 57.63
JCS-1 . 0.33 8.735 33.13
Fag=3 33.47
1CS-2 0.33 9.256 33.81
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Fig. 4 Relation between dynamic strength increase factor
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Fig. 6 Failure patterns of rock masses with different interlayer materials
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Table 4 Energy consumption of rock mass with different sandwich materials

- AYIREES) SHIREES) BHBEE/ FEHLREE/) ST /g
JeERPRE SRR mm RS — . . _ _
RIE  PHE O RRE PHE O RRE PME RRE PHE RRE PE
WIC-1  364.26 95.62 126.77 13831 196.68
T2 10 364.21 96.01 127.86 140.34 188.75
WIC-2  364.16 96.40 129.01 142.37 180.82
JCA-1 36334 151.28 68.10 139.80 57.54
AR} 10 365.43 151.52 67.20 146.71 57.06
JCA2 36752 151.76 66.30 153.62 56.58
5 JCB-1 365.02 124.44 101.08 139.50 137.81
Bt &} 10 364.70 122.13 99.35 143.22 135.56
JCB-2  364.38 119.82 97.62 146.94 13331
5 JCS-1 367.70 172.00 35.29 156.66 13.29
HE 10 364.86 176.40 33.09 155.37 14.85
JCS-2  362.02 180.80 30.89 154.08 16.41
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FHAT 2 SCHR [21-22]
30 FTRIZEMRNEHTIREREN

7 R A ARB R, SRR N AT 50—, HARR 50 mm, & B 100 mm, /NERBUR B 2N
0.25 mm, ‘A1 592 M LAY B S B8 PEWE 1~2, RHFFEA [ e J2 4R 5 i Ak 5 52 5535 578
PERIAE, 7 BE 245 T 20 A TR 00 5% 36 B — 1> 1 A R 35 ) W o5 1~ 2, T U 7E — AR LR b, 5 I 48 1 1 B 2 A
Ao TEASEARY R T ek A A R B AR S R b 1 S A A 2, MBS BN
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Fig. 8 Crack propagation processes of rock masses with different sandwich materials
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Fig. 9 Stress-time curves of rock masses with different sandwich materials
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Fig. 10 Comparisons of energy absorption densities of rock masses with different sandwich materials
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