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Experimental study on influences of different loading frequencies on
dynamic modulus and damping ratio
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Abstract: There is not a consistent conclusion on the influences of loading frequency on dynamic modulus and damping ratio,
and the quantitative results are few. Through a series of tests using the new cyclic triaxial (CT) divice with high precision, the
main objective of which is to evaluate the influences of excitation frequency on the shear modulus and damping ratio of typical
sand and clay samples are studied. The necessity of considering the frequency-dependent modulus and damping ratio is
discussed from the perspective of ground motion on the basis of the tests. The results show that: (1) For the sand, the shear
modulus is almost independent of the loading frequency. The damping ratio slightly decreases due to the increase of vibration
frequency, but the deviations can be ignored. (2) For the clay soil, the loading frequency has significant influences on its shear
modulus and damping ratio. The shear modulus increases, but the damping ratio decreases with the increase of the loading
frequency. (3) The CT tests indicate measurable growth in the reference shear strain y, with the loading frequency in the form of
an increasing exponential function. The dynamic properties are very sensitive to the excitation frequency when f < 1 Hz. In
the range of 1 Hz < < 3 Hz, the influences are clear. When the frequency exceeds the upper band of 3 Hz, the shape is nearly
on the same level. (4) The maximum damping ratio D,,,x decreases with the vibration frequency in a form of exponential
function. When the frequency is lower than 10 Hz, the influences are obvious. If £>10 Hz, the influences gradually vanish. (5)
The ground motion of a simplified ideal clay site is calculated using two sets of shear modulus and damping ratio curves under
two different test loading frequencies, 0.1 Hz and 3 Hz. The peak ground accelerations and the response spectra show serious
dissimilarities, which are increasingly severe as the intensity of ground shaking is enhanced. This study therefore demonstrates

that considering the frequency correlation of shear modulus and

damping ratio is of extreme necessity. HESWE . MBI B (201408020-03); t [EHAFE = B35 I\ 2 Ji
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Table 1 Main performance parameters of DYNTTS advanced dynamic triaxial testing system

T o1 7% Ha EHTE mARFE FERE SOk
HE/mm  FEum  HPR/um 2FE/KN FEEN  A¥ER/N HIF/MHz  R5f/mm /MPa =t (4
90 0.7/0.07% 0.208 10 1/0.1% 0.4 <5Hz 150 1.0 1000

=2 ERRE IR N F MR

Table 2 Physical and mechanical properties of test standard sand

FE BRILLE G, RATHEE/(gem®) BATEE/(gem?) AWHRKC, WERUC HIEED,
PRERD 2.644 1.679 1.464 1.44 0.92 50%
x3 HEAELBHTENF MR
Table 3 Physical and mechanical properties of remolded clay
WL IR L B BIRR KA S ES IR H HIPFKE HPEE
G, wp/% wi/% Io/% W% /(g em)
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Table 4 Parameters for normalizing the shear modulus

A% /Hz all b1E 7. /% R’
0.1 0.0286 19.95 0.14 0.98
0.5 0.0286 15.00 0.19 0.99
1.0 0.0286 11.06 0.26 0.99
2.0 0.0286 11.06 0.26 0.99
3.0 0.0286 9.01 0.32 0.99
5.0 0.0286 9.72 0.29 0.99

R 44%, WESH b=/t RAELFERIRETY)



%13

ZEEIl, SF RO SRR R JE B R B T 77

SREEIR/N, b A FEE PRSI G R R), iie
AR, AR R B e R =, A
14 FinN b AE - S 1 80005 2 [ 1 9% 22, I Hm] B
BRAEH: SR f <1 Hz i, b EEEHRL
BRI N, ULEEX —JE N, g AR AR
RS LR IR S 2 1 Hz <f<3 Hz
B, BEINEAER PN, b AEA BN, EEEA K
>3 Hz b, NI b AHFZ RN

30
’s o UM
YR ElE
----95%EfEXMH
20
g5
S
10 —
5+
0 L 1 1 L L I
0 1 2 3 4 5 6
TR /Hz

14 b {EREEI SRR
Fig. 14 Values of b under different loading frequencies

ﬂ: I,
8 ol HBEHLE
Ol - 95% BAHK I
0.05
O‘m) 1 L 1 1 L ]
0 1 2 3 4 5 6
R

15 SEHNTE y, BEENRN L
Fig. 15 Values of y, under different loading frequencies

R4 LR gy BT A FI AR N (K25 3 AR
v, ZSHMEME TR 2k, AR
BN G/Gra=0.5 B X R8T N ARE . B 15
PR AN [ A B iR IR A3 B y A6, ArpaT BABA
BEH: YMEIME £ <1 Hz i, y, (EREE TR
KR IESG R, Y HIAEX VA, A5 L S2 i B
W 1 Hz <f <3 Hz I, BEINESERMHY
m, oy AEAPER, HIEEAR: 2 />3 Hz I, N
BT y B AN

TS (6) XK 11 FrosiH e kTG, K
HoRE LER FI B 13 85 3R B 240 A 15 2 AN [R] o 400
FTFHJE L RE BT AR AL i 2 A ] 160 B A IR 5D
PR BHJE L 2 18] ) Z2 B B 2 BY S A2 (148 K e 1 K

PN, 2y, <5x10° I, FHJE L2 E e KA 2.5%:;
By LN 15X10° 1, ZEHUARIR K, B 8%; It
Ja B B AR R,  ZE(EBHIRN, B ERRAR
WHEN, ZE—HE 5% E.

30

25+

FHJE thD/%
& 8

—_
(=}
T

10° 1(;“‘ 10’I3
BN Y,
16 RSN F AR E R R EL B2
Fig. 16 Influences of loading frequency on normalized damping
ratio of clay samples

ERE UL MR, AT B X R S Y
DR EANBE JE b BA 73 B35 i, il
AR TR 4y, i [ T bR v, SR I BT DI
/N T FELJE EERSCK o

1E:L (60 H, B KBHEH D LS H n B
HASLPhrieim 3 HRE o BUEER — & Ve
W, BTSSR R 45 R . O TR i 2
B, 5 0 BUEAE 0.65 R EFXT B L%l (6) #E4T
WA, B e KPHJE FE Dy ME—— AN BT B AR
HSH A BRI, SRR A
(185 KBHJE G Dinax =30=20%, S 243 2N Do f
Bk 17. WEITATEIBIR A 1 S 8is £ <20
Hz I s Dy B R T 2 25500, U WK — 30
RG] PN TR BH SR A5 P A2 A BRI BN WIS 2
T EINR > 10 Hz I Do BESR 3 KT AR EEAT P
PN AEBNIE B R RS, BT T 20%.

30 -
B o R
.28 T E Ty
s - 95% B X A
S 26}
B
=
X%
m S~
2t el
20 L 1 1 1 1 1
0 1 2 3 4 5 6
FIERSR /M

17 RAPRJEEL Doy BETT SRR AL

Fig. 17 Values of D,,,x under different loading frequencies

ZRA LA LT UG, R s s B )R



78 H O+ T OB % M

2017 4¢

EEANBEJE B FR) SR R 2 0 2 Bl A5 305 (1) 189 DR T /)
BN 3 R A e | . &5 4t T
BIARAE 0.01~30 Hz G, #UaRRIMHERA K
THEHE b HEMSHTRAL y 5 LA SR K JE E
Diaxo
R 5 TEIFTHSAETH b, ¥, Dy B
Table 5 Calculated values of b, y, and Dy, under different
loading frequencies

Sk b 1K v 1% Do
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Fig. 18 Calculated acceleration response spectra of ground surface

using two sets of shear modulus and damping ratio under

different loading frequencies
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