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Effects of frequency and amplitude of cyclic loading on the dynamic
characteristics of sandstone
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Yichang, Hubei 443002, China)

Abstract: The values of rock dynamic parameters directly influence the results of dynamic calculation in rock structural engineering,
which shall be validated with the results obtained from practical engineering projects. As the frequency and amplitude of actual
dynamic loading could change within a specific range, a series of cyclic loading and unloading experiments was conducted by
considering the variations of these two factors. The effects of these two factors on the dynamic characteristics of sandstone were
analysed, such as dynamic stress-strain hysteresis curve, dynamic elastic modulus, damping ratio and damping coefficient. The results
showed that the shape of stress-strain hysteresis loop was closely related to the frequency and amplitude of cyclic loading and
unloading. It was found that the higher the frequency was, the plumper the hysteresis loop was, and the greater the cyclic loading
amplitude was, and the narrower the hysteresis loop was. When the frequency of cyclic loading increased from 0.02 Hz to 1.00 Hz,
the damping coefficient of sandstone gradually decreased, whereas the damping ratio and dynamic modulus slowly increased. The
varying ranges of damping coefficient and damping ratio were relatively larger, while the growth range of dynamic elastic modulus
was smaller. When the stress amplitude of cyclic loading increased from 10 MPa to 35 MPa, the damping ratio of sandstone gradually
decreased, whereas the damping coefficient slightly changed and the dynamic elastic modulus slowly increased. However, the effects
of stress magnitude on the dynamic elastic modulus were more significant. Therefore, this study can provide useful references for
reasonably selecting dynamic parameters of rock mass.

Keywords: cyclic loading; frequency; stress amplitude; damping ratio; damping coefficient; dynamic elastic modulus

oo Wi AR Z R ) Sy B . FRE M
- w2 KIME S, AR, UG e i TR
TREEARAMNEGRZE a1 HE SR SRR R IANEE . D, AR TR B ) S Bt

WeF H: 2016-04-07

HBIH: FX BARBIARESRIH (No.51439003, No.51679127); /KAFEAGSFERHIT LI I H (No.201401029); b4 HAARL 2 G
RIUH (No.2015CFA140); =R K2#RITFTERHIFBHT 2 (No.2015CX0.

This work was supported by the National Natural Science Foundation of China (51439003, 51679127), the Ministry of Water Resources Public Welfare
Profession Special Scientific Research Foundation of China (201401029), the Natural Science Foundation of Hubei Province (2015CFA140) and the Graduate
Research and Innovation Fund of China Three Gorges University (2015CX).

WEEEA AR, B, 1979 4R, 1L, #BuR, FENGEE - TR TAE. E-mail: dhf8010@ctgu.edu.cn




12

HSHERBEAL . AR BRI SRR D S 50 )5 P 1 5 3403

LAY M e S5 R v RN 2 A PP IR S B2 e 4y, S
W, ARSI G N8 I S HUEN R R BN
iR TSR

DAFEIRFE R B, IR T ER R, mhlE
oK R MAE, Sk RBLEASE I 12847 0,
SRS IR RN Z, 3 2T a A K
REAS, PERERRE IR PIRES . A, PRI SE .
Tutuncu 2P LT 2 FoRA DURLA 1SRG N
BRI, R TIART AU 3 R A A TR LR A
MEXHE A B BECE MR, RSNk
L, PEFRAIRAE 0.01~1.0 Hz U NAR4LIN, BEE
Ik Sy NI S e e b A B N AN i =] 3]
Je EEAEAER K, Shalev Z6PLEL TN A I A D 45
PRI EIEERE, 0T TN SOl AR T iy
(RIS EARL S AR R N AR, AR [ 52 m; FRED
IO R B, B A 2 b PR g RS 24 1
WARIERSATE 3 A TP ¥ b pra ) &7 N1 0prin s AR UF =l
T AR FE A I N EREe, 38T
AU I (B K325 ) s A A By s L 5 1
M DARESEI TR, PRGN S B R
PR M 0 2 A8 T AL R H 05 i e S e R vl
B . RS AR TR S AT T 2> G g
BARL, BRI, N K, B R
Ky BYLEIERT 0.5~3.0 Hz BRI KEAHE
SSRGS W HE W EAR A AR, 1
FPRZS R IMESIE ISR 2, TR T A
EESIDAL S A 0L TR

FH T2 A TR T 52 52 B ) 7 A 28 (R A R {1
] BE AN AN A T A A — o Y R ARk,
H H 2R 7% REAG M B AR AN A 3 ) RE
PEREM AT SR D, SCBR[7]HRER I T 6 R iy 2
FR AR K HE S s A S Ay A e i g, {H
AT Z A AR JE L. BHJE R 5SS
NZHW . BTk, Wit 7% BRI AR
AR I BRI T 58, RN, A A
WA X WD 25 B N g — N AR e ] h 2% o Sl Easies . FH
Je LEATBH JE R 5S35 R
2 R R

WA A IR, % N4 = Bk
AN, R, SEREPER G, FLBR AT ke &G
WEER ST A ¢ 50 mmx100 mm CEARXEE) , 7k
FEHIRIFEREEE, 02 ATIRAA A BB 5%
JEE AN AR A TR . JEREE 18 ANAFE,
— AT B U R BERG,  SAN A REREAT

PEER N EIEGAE . W5 7E RMT-150C 7541 127
1 Rg BT, W RVFEM T EAE: 0.001~
1.0 Hz, BRI IESZS . k. =M. Bk

HR S LAAE BRI 250 AT RMT-150C 547
IR RGN DIRE IR, IR B 0.02,
0.05. 0.10. 0.20. 0.50. 1.00 Hz %% 6 FifE i, & Fb
BRIy WIHET 2 AN EFEAR S o

PRI EO R, SRAME TN, &
IR E BRI R R AEE I E T . BT H
HA R TR M 2l g v 8 3 e s vk Yo [ 24T 40
s e i B PR BUE S AR N . RARAR
S TEFEN AP URSRE S 65 MPa /idy, 3
B RPN 48— 4 5 MPa, LRI 1505125 E 15,
20. 25. 30. 35. 40 MPa %5 6 N, 6N FRAIE PR
Fr Y e Ao 43 524 104 15, 204 25, 30. 35 MPa,
REATEAEIAN I 10 IR, TG LE K2 Jatem
BRI AT RIAEER . PRI I EIEOT R
2 DA P V= 3 A N 8- 9 = R L & [ B2
e se e fa, RN N8 mn,
CLA3 BT 22 AR N S N800 5 T e s P 1 5

3 At B HH AR

AR AR SR RE, R TR L
IIATEANF LN RS FLB FLIA SO R ,
B R 2 8] FRY i S Tt — AN 0 559 1
FEEIA N ED LR, XSO B B A7 7E & & 1A
By RIS P RFNROR S A S OB IS
SEUT A A T AEZR PR S AR RN 2 R S 1,
AR 2R AR 2 ] WA AR LR MR, AR T
hnZmhge, W EERIUNIEI N EEd R A )
TR 1 R, W RN e T —
Uon EEGE R TR e .

BHIELL A« BHJE &% € (KN-s'mm™") Tz 3
i £y (MPa) 52 CAM

A=A, [(4nd) (1
C =4, (tX’ o) 2
Ed = (deax _dein)/(gdmax - 8dmin) (3

' Oy~ Tamin 73 A B =21 A% i [ 1)
I KRBT 5 € ~ Eamin 7070 A0 (1] P 11 5
KA NE N AE s Ax R i 9] Bl ABCD 1) 1T AR
(KN-mm) ; A, H=HIE AEF [T (KN-mm) , 44,
ST A A P Pt 25 () B P AR R 5
X AWNARNE (mm) 5 o AINEREBE (rads) ¥,



3404 Fe) +

o 2017 4

Oy

Oy

max

Oy

min

30 W | s B )

Fig.1 Hysteresis loop of dynamic stress-strain
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Fig.2 Typical curves of stress versus strain
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