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Effect of Joint Inclination Angle on Dynamic
Properties and Energy Transfer of Deep Tuff
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(1. Faculty of Land Resources Engineering, Kunming University of Science and

Technology , Kunming 650093 , China ;2. Yuxi Mining Co. ,Ltd, Yuxi 653100, China)

Abstract:  In order to investigate the mechanical properties and energy transfer law of jointed deep tuff under
one-dimensional dynamic loading,seven kinds of tuff specimens with specified natural joint inclinations were tested
by SHPB test device. During the tests,the dynamic process was recorded by high-speed camera in real time. The in-
fluence of joint inclination angle on the dynamic response characteristics of deep tuffs was systematically analyzed in
terms of dynamic strength , energy dissipation and macroscopic damage. The results show that tuffs has the lowest dy-
namic strength when the joint inclination is 45° ,and the dynamic compressive strength and peak strain show a tend-
ency of decreasing firstly and then increasing in the range of joint inclination angle increasing from 0° to 90°. Be-
sides , the final damage modes of the specimens are controlled by the nodal inclination, and the final damage modes of

tuff specimens with different nodal inclinations can be classified into tensile damage ,tensile-shear composite damage
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and shear damage. When the incident energy is roughly the same,the reflection energy ratio and transmission energy

ratio of tuff present a decrease-increase trend with the increase of natural joint inclination angle , with the lowest ener-

gy ratio at 45°. However, the trend of the dissipation energy ratio is opposite. The energy-time density increased first

and then decreased with the increase of joint inclination angle. When the direction of load and joint is within 45° ~

60° ,more energy is absorbed and used for self-crack propagation.
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Fig. 1 Physical pictures of jointed specimens



a1 H3H

PRI, 254, B I, 3 39 M A 0 TR

AR B AR S R BB 45

TR SRS 2 R LK, 15 5 & S sk
A G S UL IS B ﬁﬁfiﬂ%’ﬂi?ﬂﬁ%,?ﬁ
Nz Ty ) R TGN I U e 2 fros, 74
ﬁIEﬁU#E‘J?i’VJ%M/ﬁ{EZl_ﬁrUﬂ 2061. 2 m/s,
2177.6 m/s,2231.8 m/s,2256.6 m/s,2273.2 m/s,
2313.7 m/s,2461.2 m/s, {£ 2000 ~ 2500 m/s i [l
DA, 7 S P A I Y PRV 194 348 R T 4
HEM AR AR 22 AN K, F B A A DN I8t ke i Az 7 L
FA BN

2500

\ S o=

2400 |

= 2300 |

)

= 2200 b

=

= 2100 |

2000 - - : - :
0 20 40 60 80 100
IR A

B2 G - R 1 R A 1956 3R
Fig. 2 Relationship between average value

of P-wave velocity and joint angle

1.2 SHPB I RN ERKIXK RS

AP g0 R AR fE S A sh 2 ik T R
SHPB, {50k WK 3 iR, R4 E 2R AY
FF B ST RIS A Sk 5 AT AL BT84 40 Cr
GamW. Hoi A5 &N B4R R 50 mm, K
FEY R 2 m, B R 7784 kg/m®, PO U R
5172 m/s 3RS Bt ] 25 BB - 568 7 2B AR ARUE 1
AR B IE 52 N BRI

TG, AR T S e, e o
T RGERFAE 0.50 MPa B35, % i SR G0, il
TR R AR B KAARAR ], o T A R B8 7 AS [t A 1)
RARNTHREE K A i Bh AR 78, B A wh i i
TR e S A A A T BR R 1 458, F B iR
40 000 fps, EMH KAE 25 ps fA— kL.

2 REERESH

2.1 SR FERIE
A X A S MU BIE AT R A 5
J‘ﬁ%ﬁﬂi%%?%éﬁ » 2% WA B 17 g - 25 1
GET YN NTIE AT R R e E UL E T & S R
mﬁ?&ﬁ”ﬁ¥@%ﬁl§lo

iﬁl{ﬁF BEAE A2 AT

|

¥l 3 SHPB %
Fig. 3 Schematic diagram of SHPB device

Vl'ﬁ%%

iﬁzjﬂ&ﬂjﬂ{u
LERER

2 -
— ASHH Rt 250 f
- 200
1 L
150
0 f~------ £ 100 |
= 2 :
H = 50|
2 | E 0 - ASPR
so - AR
Py - -A- ST
-100 | IIA
1 1 1 1 1 1 _150 i 1 1 1 1 1
70 100 200 300 400 500 600 0 25 50 75 100 125
A1)/ s A 5] / s
(a) BRI AST . RETFIBSHES (b) ST IARE F) N 3 A
(a) Incident, reflected and transmitted signals of typical specimen (b) Stress balance of typical specimen
B4 haS NI TSR

Fig. 4 Dynamic stress balance verification



46

1/

2024 4E9 H

2.2 FA-MEXR

RIS e b il E A vl for 20T (495 ) -
I AR PGRT L3 B A5 H « AN [R]85 Af 1) 0 B 8 e
PR A Bl B 7 A A S LA TR, R LR ARE 0 oA 26
SRR 2K YT EMEA o« S 0°.15°.75°F0
90° I, 2y JBE A B i i K P 35 2k 2 B A
o 9 30° 45°F1 60° I}, gl FEALAR, HorP 5 B BA o
N 45 R B AR Ko A, AR BB R A
BE WA IR 2 B H A [ B9 17 -1 2% i 2 R AE
X TS —2R A, B 0° (15°.75°H1 90°, BE A1
Fi e = 17 -7 FHT 28 T A BE O , 2 B IV R
RN I A 2 B e AR o TR T AR A
fi1, B o 30° ,45° F01 60° 314 14 W J ;g - )i A%
LK T e A, R B BT UIRER , B R 7 32 2 iy
B o AT A ST BB 30°,45° 1 60° i A
U T BB 0°\15° .75 ° 1 90° 1 {75 5 b g A
PR B 5y A PR S AR sk M S A 5 A

200 f

150

JE 71 /MPa
o
(=)

50 ;‘

NEAE/107
B 5 RN T - REAR 2

Fig. 5 Stress-strain curves of specimens
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Table 1 Energy composition of specimens

with different joint angles

Joint angle/(°)  E/J E/) E,/] E,/]
0 156.20  99.96  12.51 43.73
15 152.77  96.24  10.69  45.84
30 148.33  88.99 8.89  50.45
45 163.19  86.49 8.17  68.53
60 161.19  87.04  19.35 54.80
75 175.36  96.44  26.32  52.60
90 162.08  87.52  27.55  47.01
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Table 2 Energy density per unite time of specimens

with different joint angles

Joint E,/]  Vy/em  Tp/ms En/
angle/ (°) (Jeem™? ems™)

0 43.73  98.12  0.106 4.20

15 45.84  98.68  0.101 4.59

30 50.45  99.10  0.106 4.80

45 68.53  99.26  0.125 5.52

60 54.80  98.76  0.110 4.91

75 5260 99.35  0.113 4.68

90 47.01  98.68  0.111 4.29
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