20244 1 A
Bast LM

Journal of Zhengzhou University ( Engineering Science )

M K 2 (T %) Jan. 2024

Vol.45 No. 1

X EHE.1671-6833(2024)01-0090-08

B ER1or 2 T 12 5 = 30 7 i Bz B A # 4= Y

T, REA,

(LR T RY LARSZMEAGE, &R T M 5106402, FEm 3 T K2 A L TR, & T M 510640)

 OE. A AAZHXBEMN, R T H 100 mmx100 mmx100 mm LK ZRXHERF T RATE THXRBEIT, K
RERKRKETARABE FABEMAE HEARABRBRARTRRK EHDRERZT RS MR T &, T4
Prig B AT A, RS RAW RN ZREE T HMEEREN K, 3 MR R B R S8, 3 5 M A
FHBRHER ;AN EDREE T BIARRHE K, HMERCE DB ER DA K, E 20 He 9 S Hm F
TEEAREDEABA  FHBAERN LN ARERK R IEIE AR KRB K RIS
BAEFBEEN, DR EG D) ZE Y - KRR RF AR TERNEERRAERATEZ2EHEA
ME AR, ZRBFINGRE T HE S NG ROFRERE

KR =K SRS, PR, Rk A

R E 5SS . TU4S XHkFREAD A

LAk, A B0 T i R ) AF 5 R R #RS,
2 25 35 3 kAN R)  J7 s R 5 A 3 e Ry 1 AR 4k
i B B 46 ) 22 2 e b 3 38 LA 5 9 T 0 1R
7 7K - K S b Bk R B A Bl B D) A
EABLE S Hr s m, Bt % R UE
e 4 R FF XI5 A R IR R A2 G A AR AT e
R, Aash hmpz 8 F 2R ZWEm, 25
SRR X S5 A T AR B R I I A R A RE R D
IR T2 PR fE & B B e e B B A A 28 D
(1 T o T ARG o ) JEL I A S B A I R A el )
O A5 AR 25 i FL R A 38 o v 8, B W4 & B
R B2 B A A A S i B o i 1 R B PR
$8 RNV /)N 5 BELJE L T BH T2 2 50 498 A0 & Yk 38 i i
Vol /0N Bt P18 K 3 K R R A g s T X
S AN FIR R 50 A5 T 1 F S8 AR i A Y A0 ) 2
B B HL A AR R AE X 2 L g 2 vk R A B, % BRAE
I 7 1 2 00 3L P A PR R ) 348 n 22 K e O
TR, DS R OO A IR A = R
BLFE 0. 025~0. 100 Hz & #4737 12U 09 1 1 17 4%
B, & BN 00 R 8 R R il e 7 AR - TR] g 2
TR0 A TR R DN | R W A R S LD | 45k

I 75 B #9:2023-06-14; 1&1T H 8§ :2023-07-16

doi:10. 13705/j. issn. 1671-6833. 2024. 01. 003

B 2 Bk, xR 451 3 R A ot AT m ik ge, &
B2 1% 7 A A 35 B A A RN A7 B B b 5
W 41 20 451 2R (14 28 Ak R W S i 24 R 7 i (s B A A
e e 1 3 B 2l 58 A i I o 8 I e ) 1 %
/N, AT AR X RS S R A RVRD R AT T oy
RN TR ol WAL (R N e A R X0
Wy UKL (] B 245 e 70 98055 , 3 s PR ASE s/ . AR B AL
S OIXAE i A AT BRI R 45 3 58 R B8 I 0 2K
B A FEAR R 7 7K SF- I B8 18 3 X6 48 14 2 16 2%
M T 18 PR SR AL 80N, AE 5 Y BELJE LG N Bl 3 A
o A 2 Bt A 500 B s 2>

H R, %16 5 A 2l 1w Ry i BIE 5 A4 B 48
) Fw AR B — SR 22 Ak DL R B 5T A
AL RE 2 ] B — A8 B 45 /0 BE TR 45 5 S TR) R L 3
AR SR FT W, DA KA B R K oy A A A Bh
JO7, e DLSE F S B TR v B A 0 2A A TS S 7
S TR H R ATOE b 7 A P LA B S 3 A 28K 4 0 % S
ML FEAE 5~ 100 Hz Z 18] 78 22 11 A 8 56 v 431 R
PEBERZ ] 0.025~3 Hz'" | i T 25 £ 8h 7 W 1 A%
TEATARMAGNE |, Fh FE AR 3 Hz LA b 19k 86 % T8 A1
Bl 7w R I 5 LA AR R TR R S

HEEWMB . FRARBFILE BT H (41827807) ;7 A B LA TR H AR H SSLKE5 H (2021B1212040003 )
TEERN: T/ (1984— ) 58 mE R O A B B T RSP, M+, FENFEA L TR T TESU, E-mail

dingxb@ scut. edu. cn,

SIRAZARS: T/ME  RBEAT HM AR, IR AT 80T AL b & 3 T s B AR R [ 1], FBM R 225 4 (L2 RR) ,2024,45(1)
90-97. (DING X B, ZHAO J X, DONG Y J. Dynamic response law of granite and its constitutive model with cyclic
loading[ J]. Journal of Zhengzhou University ( Engineering Science) ,2024,45(1) :90-97.)



513

TN S G FR A BT A8 5 o 3l 7 i B S A A 91

PRI A S ok 2% i A ) s R P AR I T IS AL
7S GO TH At B SR PR i S RH e L B XA [
JE B AR BN )i LA RAE R R RO AR X A Bl B
PERSE L L K BBE e H A8 A R A AT R 9T, O XK g
Fr AR AT A . BT A 4518 X i i 2 2 AT BR
B JEAT — ARG b 58, WO 5 S 09 A A 3l ) R v
1) R o BTt o R it R G 4T ) BRI S
1 KA REFU

A YRR 3 A L =l B AL, 45 S 0 <
20 Hz,fi K E A 30 MPa, iz K3l 18 A A B
RYUETR B0 35% 247, 46 % Ik 06 A 4% I g
PR Y Foe K 7 A B IR B 38 B 04 1 g R AE DA
ASCER T e B il B 5 % R 1 R B T R ) I 4y
H6 G IR AE P 0 2 A B e ) Ty Z a1 fr
o MEGE TR R P B B 5 1 B BOR etk
I DR TE R 1Y 2 ar % 3k B B SE I 1 2 R R
71555 2 B BOR Sh A8 PR N4, 75 20 o ) 38 3 %
BB E Xk, BB R (&1 2) ik
55 T G B A B L R B BT SR K B ALY
AHEATUIE SR IE XA A AT AT O 4 R
4 100 mmx 100 mmx 100 mm, & 5 3284 2 5 i
A E B WA g Y 1-57 R OR B far 200 R

1 Hz, [BIE R S MPa, >R FH ¥ il 48 & ik 17 058
g g A A R 1 R

T maR

LA

BHATEH IR

1 K mEE

Figure 1 Specimen loading

(a) Y5-208% 5K A
2 RN EEREIRRT L

Figure 2 Comparison of specimen damage
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Table 1 Specimen naming

Cina FlE o, /MPa B EI % f/Hz B0 1R Ao ,/MPa PEEFR TR n

Y5-5 5 5 5/10/15/20/25/27.5 1/5/10/15/20/25/30/35/40/45/50
Y5-10 10 5 5/10/15/20/25/27.5 1/5/10/15/20/25/30/35/40/45/50
Y5-20 20 5 5/10/15/20/25/27.5 1/5/10/15/20/25/30/35/40/45/50
Y5-30 30 5 5/10/15/20/25/27.5 1/5/10/15/20/25/30/35/40/45/50
Y1-20 20 1 5/10/15/20/25/27. 5 1/5/10/15/20/25/30/35/40/45/50
Y10-20 20 10 5/10/15/20/25/27.5 1/5/10/15/20/25/30/35/40/45/50
Y20-20 20 20 5/10/15/20/25/27.5 1/5/10/15/20/25/30/35/40/45/50
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Figure 3 Variation of dynamic response with different confining pressure
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Figure 4 Variation of dynamic response with different dynamic loading frequency
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Figure 5 Variation of dynamic elastic modulus with different dynamic stress amplitude
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Figure 6 Variation of dynamic damping ratio with different dynamic stress amplitude
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Figure 7 Variation of dynamic elastic modulus with different number of cycle
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Figure 8 Variation of dynamic damping ratio with different number of cycle
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Figure 9 Constitutive model of the specimen with different dynamic loading frequency
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Figure 11 Improved constitutive model of the specimen with different confining pressure
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Dynamic Response Law of Granite and Its Constitutive Model with Cyclic Loading

DING Xiaobin"?, ZHAO Junxing', DONG Yaojun'

(1. School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510640, China; 2. South China
Institute of Geotechnical Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract; In this paper, the true triaxial testing machine was used to conduct experimental research on granite
specimens with size of 100 mmX100 mmX100 mm with cyclic loading, and to explore the dynamic elastic modulus
and dynamic damping ratio of granite under different confining pressure, dynamic loading frequency, dynamic stress
amplitude, and number of cycle. The changing law of the data was compared and analyzed. The test found that the
dynamic elastic modulus of granite increased linearly with the confining pressure, and the dynamic damping ratio
decreased linearly with the confining pressure. The growth of dynamic elastic modulus gradually became larger. The
dynamic elastic modulus of granite increased exponentially with the dynamic loading frequency, and the dynamic
damping ratio increased as a power function with the dynamic loading frequency. At a dynamic load frequency of
20 Hz the internal activity of the rock was more intense, and the frequency had a greater impact on the rock. The
dynamic elastic modulus increased as a quadratic function with the dynamic stress amplitude, and the dynamic
damping ratio decreased as a power function with the dynamic stress amplitude. The composition of the rock had an
influence on the dynamic damping ratio. The improved Duncan-Chang model reflected well the dynamic constitutive
relationship of the granite under different actions of the rock. The model obtained in this test could be used as a
reference for subsequent inversion of the dynamic properties.

Keywords: triaxial test; dynamic elastic modulus; dynamic damping ratio; improved Duncan-Chang model
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