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Mechanical properties of granite under impact compression
after real-time high temperature
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Abstract: The study of thermal-mechanical coupling mechanism is of great significance to deep rock engineering such as rock
tunnel fire, nuclear waste treatment and geothermal development. To investigate the effect of high temperature on the impact
mechanical properties of granite, the real-time high temperature impact compression test was carried out on the granite
specimen at 20~800 °C. The Caledonian granite in the construction area of Sejila Mountain on Sichuan-Tibet Railway was
taken as the research object, real-time high temperature impact compression tests were carried out on the specimens under five
different temperatures ( 20, 200, 400, 600 and 800 °C) with three average loading rates ( 72.8, 144.97 and 230.29 s™") by using
the split Hopkinson pressure bar (SHPB) and synchronous box-type resistance furnace. The effects of high temperature and
loading strain rate on the fracture characteristics, dynamic compressive strength and fractal dimension of the specimens were
analyzed. The variation law of dissipated energy per unit volume was also studied and discussed. In addition, the intrinsic
correlation between the change of mineral composition and the dynamic strength of granite was analyzed based on X-ray
powder crystal diffraction. The results show that the brittle fracture of the specimens at 20 to 400 °C is dominant, and the

fragments are spindle-shaped with sharp ends. The specimens at 600 °C are dominated by plastic failure, and their shapes tend
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to be round. The peak stress of specimens increases first and then decreases with the increase of temperature, reaches the
strength threshold at 200 °C, and then decreases continuously. The dissipated energy per unit volume of rock has a positive
linear correlation with the loading strain rate and a quadratic function with the temperature, which shows a good fitting effect.
The content fluctuation and phase change of the three main mineral components of quartz, mica and feldspar lead to the
gradual deterioration of the dynamic strength of granite after 200 °C.

Keywords: real-time high temperature; granite; SHPB; energy dissipation; XRD

i 55 (8] 5 5 R B K G A IR B T 35 1000 C1Y DL |, AR Z BUS Jy 220 pAs , Mk 5
Joi TR Ay TG M AT IR R R T, 5 A K B ) R AZ 5 IR (150~ 650 °C1)) 1 il g #3047, W 38 07 2%
PEBEA BT AR s A7 20 = R R v, il IR RN R )= S5 R R I SR B, 45 v A TR U
B, HTE A BB Z AR Ty 2t . IWAMERSE SR B2 91 R 2 R E 2 EF T P
% B AT S RS B RS E R B 2R . PR, AR S e R AR v A i Bl ) A e
AV EA EE TR

U BE N A 12 VERR RS R A 9T )iz IR T 20 tH4E 70 AEACE, S E TN B B L BB R R
& RNEURE EARRA R, XSS A 2R T TR g . RS R B, R R R IR B, A A
5o 3 2R L B S A A Ak 0, o IR T R S B W ORI 25 A LT R A A RS R B,
BlE TR IR, BT 2225 I, A6 5 5 FA 1 380 A 1 DA T« X B P 48100 ol v T v 0 J Y A ) o i
AT T W II 2R Ve L AAS #4) BB Ve 55 22 07 TSR pF 9T, 38 200 °C 4B X A VRS R /D, 300 °C
DLl B B e i Y &2 | RT3 RG sie AR AR I 0 U AU XK i I AL 0L ) R R 1) TR R R
NIRRT TAIRGE, A BRAE i< 5 W R0 B i it 3 AR AR A AE — T TR BE 200 °C . Z IR THilinik s, C AR 2
il G2 e i /2 ) 5 1) o A T i ey, BEE SR 20, 3 A5 R AR 2 38 0T S i Ui 09 55 A0 1 2 R vk S T it
5€: Yin AU R R AR i FA A N AR e 1 H B A ARBA R HC S ATL XoF A A B I R0 S B e YA B L D
GEEAT T ER S8 R, G5 R W, SEI R R AR R A M- A i AR Y SR B AL, R I B K, i
F OB AE 200 °C LATTFEIREL /N, 200 °C LUS 208 T B V08 B 410 XT il T A8 A 12k T 1
W5, KB 200 C by Hihde s B 25 A i T TH IR o 30 SC A v iR 3l ) 23006 32 20 bl i &2
HARIRE G, #4240 1R T A9 S0m g b i 47 whah s ae U7 o 58 i, (H A =0 S Ak R 25
TR, 52 M AT e R i B T o Je vk e e i i e R 25

gi b, ORISR TAEZ AT TR O-IRERG T a0 15 bE, BEUE SEm iR sl ) 22 56 32 IR
TIIR A, IRZERK, TR A A A S 122 R R A A R A . L, AR SCUUA R B B S 0 12
TARTE 5, DUk % €6 2= 7 Ll 1 DX 3o B2 7R 1 A6 5 2 R S g b ORE, R R 3 4 AR R AT (split
Hopkinson pressure bar, SHPB) J [F] 25 & i AP 6 AN [a) i B T il ek A 7 oo R 4 3008, R 5 - & 7R
AR A A B TR B SRIE  BR R AR AL, TR A XS AT X IR A T ) B A AT
W) B3 840 5 A X0 B0 0 240 B (R N FE DCHK, S S bR AR R R R R 5 5% .

1 REiEEEFE

1.1 ERERHEFHE

AR SC R DA R RR: 65 T 2t T DX R A B
KT G, %A R LUK Ao, i E B
FAaE KA KB SHPB 3 7 5 )ik
1 R SF e B — B0 . 0.5<<d/h<<1, M B it
a2 57, AR S GB/T 50266-2013¢ T.#
RIS T AR YRS R 45 A S PRI B A

P, B AL = 5 N Tl B AR 48 mm, (5 B 25 mm B RREdE i ik
A BRI AE A bR S, ] 1 R o Fig. 1 Standard granite specimens

023202-2



543 4 O, GF: SER IR T AR R bl IR 1SR A F2

1.2 ISHHEELSERE

¥ H @50 mm SHPB R 4t X [F20 & ae e =k
BEL 447 S B o di b o P 4 30, Al 2 B
ZEV AR IR B H bR R S W 58 i e )
2R, BERE AU S8 AT A TR A i)
FEE T34 2800, T A AR A e TR R RS 3 5 3L
TG BE 2 . SHPB 28 48 4% F1 14 34 5% F i ik &
AN, BPEAR 210 GPa, 5 7 800 kg/m’,
Ho 7 KB 500 mm, HAH 50 mm, B34
TR SR I R G S R

W e th i EA T A L G, EE 20 °C
(HR) L 200 °C., 400 °C., 600 °C i1 800 °C H AN
G, WA TOLEE 3 HakE. A TR AR
B (B5: AL-518; MRS B2 £0.1 °C; TR L 0~ 1200 C) Bl . il fh 32 #3857, 3% 8 T
210 °C/min, I5F) BRI E R 2 b 8RS 68 [R5 XA AT 5 35 B2 2 m il i, 5
TR SR 0sA, BE E R 2l b iie . il iR 62 o 1 AR EIF I SR BRI P, BEAT R IR 20iR

2 SHPB A%t M Al AEAH 3 HL LA
Fig.2 SHPB system and synchronous intelligent
box-type resistance furnace

Resistance furnace Support
Synchronous alignment device

Incident bar Train gage

/.

3 A E RS RS
Fig. 3 Sketch of synchronous high temperature furnace test system structure
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Fig. 4 Strain rate curves
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Fig. 5 Waveforms without and with a pulse shaper
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Fig. 6 Broken specimen at 800 °C real-time high temperature
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Fig. 7 Fragmentation morphologies of the specimen at the strain rate of 74.8 s
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Fig. 8 Fragmentation morphologies of the specimen at the strain rate of 144.97 s
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Fig. 9 Fragmentation morphologies of the specimen at the strain rate of 230.29 s
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Fig. 11  Stress-strain curves
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Table 3 Volumic energy
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Fig. 16 Relationship between volumic energy and strain rate ~ Fig. 17 Relationship between volumic energy and temperature
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Fig. 18 Relationship between fractal dimension and volumic energy of granite
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Fig. 19 X-ray diffraction patterns of granite at different real-time high temperatures
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