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Abstract: The uniaxial compression-deformation test, cyclic loading and unloading tests on slightly weathered and
middle differentiation biotite granite comes from the Changjiang of Hainan nuclear power first-stage construction
conventional island are performed on the RMT - 150B multi-function automatic rigid rock servo controlled testing
machine. The granite hysteretic characteristics of dynamic stress-dynamic strain curves and the law between elastic
modulus and dynamic elastic modulus, damping ratio are researched. And the viscoelastic generalized Kelvin
rheological model is used to describe granite hysteresis curve and energy loss. The results show that the curves of
strain and stress for loading and unloading are hysteresis loops. With the increase of cyclic number, hysteresis
loops move to the direction of axial strain increasing, more and more dense. The areas of hysteresis loop and the
maximum elastic strain energy decrease with increase of elastic modulus; however the dynamic elastic modulus is
opposite. First, damping ratio increases with increase of elastic modulus; but after reaching its peak value,

damping ratio decreases with increase of elastic modulus. The biotite granite hysteretic loop and energy loss can

describe well by generalized Kelvin rheological model. The results offer great reference to seismic response
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analysis and site safety evaluation of the Changjiang nuclear power plant.
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Fig.1 Hysteresis loop of dynamic strain and stress
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Table 1 ~Test results of granite uniaxial compression and

cyclic loading and unloading

Py ey T
N %
/GPa /GPa /MPa
1 14.92 16.99 2.808 12.323 7.25 45.8
2 16.50 17.60 2.550 10.600 7.66 42.4
3 19.92 23.39 2.400 9.400 8.13 39.4
4 20.14 23.98 2.298 9.120 8.02 43.8
5 20.53 25.31 2.100 8.553 7.82 37.5
6 23.00 27.00 2.000 8.200 7.76 45.8
7 24.81 28.05 1.700 7.400 7.31 85.8
8 26.44 30.01 1.599 7.168 7.10 42.4
9 27.30 31.35 1.430 6.338 7.18 63.9
10 29.92 34.48 1.343 6.097 7.01 78.7
11 32.74 35.03 1.178 6.007 6.24 54.5
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Fig.2 Dynamic strain-stress curves of sample 9a

3101

255

20.0

41 N 1 o /MPa

145

Hi A g /1073
B3 1~11 LA 16 IRTEHBIN. ) - BN AR ¢ R £k

Fig.3 The sixteenth cycle dynamic strain and stress curves of

groups rock samples No.1 - No.11
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Fig.4 Partial dynamic strain and stress curves of sample 9a
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Fig.5 Damping ratio and dynamic elastic modulus of sample

9a versus cycle number
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Table 2 Inversion values of parameters generalized Kelvin

theological model and criterion function values

WFEG E,/MPa E/MPa  7,/(MPa - s) f
la 17 102 18 339 17 197 1.51x107°
2a 18 629 20072 19377 1.12x107°
3a 23 423 25769 21982 410%x10 1
4a 24 246 44932 24 445 335x10 "
5a 26 535 26799 16 596 291x10 "
6a 27 949 32552 25485 4.07%x10 "
7a 29 197 33613 21410 223x10 "
8a 32291 29822 18 698 2.76x10 "
9% 35088 80 000 25478 1.97x10 "
10a 35461 48 077 38278 1.18x10 "
lla 35714 58 824 37 467 3.58x10 "
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Fig.9 Sketch of generalized Kelvin rheological model
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4 &

WL AE RMT - 150B £ Dhfig 4 H WIS A 4]
HRAR I ML HX i g BV TAZ L) R R 8 11
Tl AR KR8 2 BEAR B 5 EAT S 3 R 4 A T A
BRI AR PR N GRS, W T AR RA BN ) -
B AR it 2 i (R 1 0 ) s AR S R e B [ e

R [ (R, JFAI T SO R SC AR AR K A
(RN k= A E b TN = A AR S RV
ARTCAFE) T IE LS

(1) PRz BHER AR NS E AN ) -
AR IFANE A, MR BN R, A
BN - BN AR IR A, (BRI A
(RIS, R e Al g AR R K K7 A 80, Hol
P S S P o S e [ 2 N o = 5 A
SE o A IR PHLTE LA 5 A R A 2 B AT A KK
(RIBE iif ga> o

(2) PRz BELE B S s [P A T ARRT 5 5 7 2
AZRE(RT 4A, TR ARBE SR R AN Sl
PEAS R Rt S PR R S I g N s BHJE ELSE Rt
PERLR IR OR, T8I0 )E, B MERE
B PNV %

(3) |7 XIFIR LA R ] LU L it i A A
AT AT R 2 BELE B (1 0] i 2 R S B A DL o

& ik (References):

[1] TUTUNCU AN, PODIO AL, GREGORY A R, et al. Nonlinear
viscoelastic behavior of sedimentary rock, partI: effect of frequency
and strain amplitude[J]. Geophysics, 1998, 63(1): 184 - 194.

[2] TUTUNCU AN, POLIO AL, GREGORY AR, et al. Nonlinear
viscoelastic behavior of sedimentary rock, part II: hysteresis effects
and influence of type of fluid on elastic moduli[J]. Geophysics,
1998, 63(1): 195 -203.

[3] NISHIK, KOKUSHAO T, ESSAHI Y. Dynamic shear modulus and
damping ratio of rocks for a wide confining pressure range[C]//
Proceedings of the Fifth Congress of International Society for Rock
Mechanics. [S. 1.]: [s.n], 1983: 223 -226.

[4] BAGDE M N, PETROS V. Fatigue properties of intact sandstone
samples subjected to dynamic uniaxal cyclical loading[J]. International
Journal of Rock Mechanics and Mining Sciences, 2005, 42(2):
237 - 250.

(51 &M, I A H R o A R = Atk o6 (1 2 0 A ol S e L
. A%, 1987, 8(2): 11 - 19.(GE Xiurun. Study of deformation
and strength behavior of the large-sized triaxial rock samples under
cyclic loading[J]. Rock and Soil Mechanics, 1987, 8(2): 11 - 19.(in
Chinese))

6] HEi, ¥ 3F, SRMm, F RIEEIEN N E AT R B
PERIGHTAI]. A 0% 5 TR, 2003, 22(10): 1581 - 1 585.

(GE Xiurun, JIANG Yu, LU Yunde, et al. Test study of fatigue



* 2526 ¢

HAT D1 TR

2009 4F

(7]

(8]

9]

[10]

[11]

[12]

deformation law of rock under cyclic loading[J]. Chinese Journal of
Rock Mechanics and Engineering, 2003, 22(10): 1581 -1 585.(in
Chinese))

AEBE, PR, R 2, & IR EER N e AR R
WIGHEFE[I]. A4 1% 5 TR 244R, 2008, 27(4): 712 - 717.(LIU
Jianfeng, XIE Heping, XU Jin, et al. Experimental study of damping
characteristics of rock under cyclic loading[J]. Chinese Journal of
Rock Mechanics and Engineering, 2008, 27(4): 712 - 717.(in Chinese))
B, £ &, BREP. EE ARG IR S Az s
WAERID). A0 %5 TRESAR, 2005, 24(13): 2212 -2 219.(XI
Daoying, WANG Xin, CHEN Yunping. Macroscopic model of
hysteresis and memory for the description of rock nonlinear elastic[J].
Chinese Journal of Rock Mechanics and Engineering, 2005, 24(13):

2212 - 2 219.(in Chinese))

W R[T]. HBERELAE4R, 2002, 45(1): 109 - 118.(XI Daoying, LIU
Bin, TIAN Xiangyan. Anisotropy and nonlinear viscoelastic behavior
of saturated rocks[J]. Chinese Journal of Geophysics, 2002, 45(1):
109 - 118.(in Chinese))

WiV, EENL ERE AN - WA SIS e ]
FA IS TRESAR, 2007, 26(3 2): 4066 - 4 073.(CHEN Yunping,
WANG Sijing, WANG Enzhi. Quantitatve study of stress-strain
hysteretic behaviors in rocks[J]. Chinese Journal of Rock Mechanics
and Engineering, 2007, 26(Supp.2): 4 066 -4 073.(in Chinese))
XIDY, CHENGJY, YILK. The attenuation of stress waves in
fluid saturated porous rock[J]. Acta Seismologica Sinica, 1997,
10(5): 565 - 570.

JEEHE, RNHE, GRFERC. ) B 7 A L R I

MARWR[T]. 547 J) %45 TR 44R, 2003, 22(11): 1807 - 1 810.

[13]

[14]

[15]

[16]

[17]

(XI Daoying, LIU Xiaoyan, ZHANG Chengyuan. Strain response of
cyclic hardening under fatigue loading on saturated rock[J]. Chinese
Journal of Rock Mechanics and Engineering, 2003, 22(11): 1 807 -
1 810.(in Chinese))

I, AT, A AR R SR T KL P-M R Y B
WIRRELT]. A4 0% 5 TREER, 2004, 23(20): 3 397 -3 404.
(BAO Xueyang, SHI Xingjue. Experiment research and interpretation
on nonlinear elasticity of rock using P-M model[J]. Chinese Journal
of Rock Mechanics and Engineering, 2004, 23(20): 3 397 - 3 404.
(in Chinese))

WRIZT XK, WEbR. i e AR MRS R )). 4
+J1%%, 2006, 27(3): 341 - 347.(CHEN Yunping, LIU Ganbin,
YAO Hailin. Study of simulation for hysteretic nonlinear elasticity of
rock[J]. Rock and Soil Mechanics, 2006, 27(3): 341 - 347.(in Chinese))
OKUR D V, ANSAL A. Stiffness degradation of natural fine
grained soils during cyclic loading[J]. Soil Dynamics and Earthquake
Engineering, 2007, 27(9): 843 - 854.

AL, ML, AR, S IREIN. EEELEUKIE R b
ARTEREPE R SEBGAE AL [T). A 0% 5 TR AR, 2009, 28(5):
892 - 899.(XU Jiang, YANG Hongwei, LI Shuchun, et al. Experimental
study of effects of cyclic loading and unloading pore water pressures
on deformation characteristic of sandstone[J]. Chinese Journal of
Rock Mechanics and Engineering, 2009, 28(5): 892 - 899.(in Chinese))
PO, BHAEA, B W PR EUE R R B AT A SR
WL A %5 TR, 2008, 27(1): 199 - 205.(HE
Jianqing, YANG Junsheng, JIN Ming. Experimental study of
mechanical behaviors of coal gangue mixed with soil under cyclic
loading[J]. Chinese Journal of Rock Mechanics and Engineering,

2008, 27(1): 199 - 205.(in Chinese))



