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EXPERIMENTAL STUDY OF THE COMBINED EFFECT OF CYCLIC
STRESS LEVEL AND LOADING FREQUENCY ON THE PERFORMANCE
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Abstract: Undrained cyclic triaxial tests were conducted on soft clay to investigate the combined effect of
cyclic stress level and loading frequency on the generation of excess pore water pressures and axial strains with
the number of loading cycles or time. The results indicate that for a given cyclic stress level, the soil properties
under various loading frequencies are slightly different if an identical number of loading cycles is considered,
whereas they do not deviate from each other if an identical time is considered. In addition, failure occurs when the
cyclic stress level exceeds a critical value irrespective of the loading frequency. The combined effect of a cyclic
stress level and a loading frequency was studied by analyzing the strain rate in this stress-controlled cyclic loading
test. It is shown that for a given cyclic stress level, the strain rate at various loading frequencies are almost same,
implying that the influence of a cyclic stress level on the soft clay behavior is stronger compared to a loading
frequency.
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Table 2 Test conditions and results
SIS CSR g /1 )JD?J‘ZEiJ‘ &) ¢/ o,
Hz min
Uni 0.4 0.1 6000 1000 i
Un 0.4 1 34466 574 =
Uos 0.4 2 34466 287 =
U 0.4 5 33466 112 =
Uogs 0.6 0.1 6000 1000 =
Uogs 0.6 1 34466 574 =
Uor 0.6 2 34466 287 =
Ugs 0.6 5 34466 112 =
Ugo 0.8 0.1 1793 299 =
Uno 0.8 1 10419 174 =
Un 0.8 2 18537 160 =
U, 0.8 5 33964 113 =
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Fig.3 History of excess pore water pressures and axial strains
T R ALK I (FF B A N R 6
q =y + oy IR PR R IA N 28 K TR 1 5%

%, Sakai RN TR AR,

4 N (1/a)
*_ —arctan [(—] ] 2)
U, T N;

A MR BRI TR IE 51, KR8
0.65 ply: o =4.26 FiRIBHL, ALK S F

M) AR 2 TR o R AT R AR R
L —mn[1+ B(e, / £,)]/ In(1+ B) 3)

Ug

A ey RARFBIRIS B Hl A 2 AE, 7R S
g =15% : B=231HNRTSH. BHKXQ)M
(3), AT AR BIFLRRIK 77 b Al ) 2 AR i & /¢
PG LAl N P e e e SR 7N C
Up v & AN, B F RIS S5 RN (R RACES
22 RESRERRFM

B 5 28 TN X SIS K s 77 EER Al e
AR BE AR IR . 249 FR R HE oy CSR =
0.4 F1 0.6 iF, LI S(a). & 5(c), DNz g
B E AN <5000) K FLBR 7K I 77 L AR 18 K




170 T 2

N

® Ups (CSR=06. f=0.1H2) _
O Ugy (CSR=08, £=0.1H

1 10 100 1000 10000
A N
(a) f=0.1Hz

0

u/u, =(4/ marctan[(N/N,)""
<3 0.6 QR — &
A Uy, (CSR=0.4, f=1Hz) &
® Uy (CSR=0.6, f=1Hz)
0 Uyy (CSR=0.8, f=IHz

FLBKE AL
ulp
f=}
N

< ol
& “ 001

0.001

1 10 100 1000 10000 100000
ImER K HN
(b) f=1Hz
0.8
= u/u, =(4/marctan[(N/N,)""']
i ‘5046 A Ugs (CSR=04, f=2Hz)
l% 04 @ Uy (CSR=0.6, f=2Hz)
= = 02 © Un(Ccsr=08, r=2H;
=
0.04=FH

” 104 —u/u, =In[1+B(g, /& )]/ In(1+pB)
dg
EX 01
= W
= 001

0.00

1 10 100 1000 10000 100000
INERIHN
(¢) f=2Hz

ulu, =(4/ marctan[(N/N,)"“]
0.6 A Uy (CSR=0.4, f=5H2)

® Uy (CSR=0.6, f=3Hz)

FLBSK R JyLE
ulp,
o
S
1

0.0
10
& < 1
2 § 0.1
LE
2 001
0.00
1 10 100 1000 10000 100000
AR EN
(d) f=5Hz

B4 FLBRA S 7 LA v S AZ G Sl S5 9004 45 R
Fig.4 Predicted and measured data of normalized excess pore

water pressures and axial strains
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Fig.5 Normalized excess pore water pressures and axial

strains against the number of cycles
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Fig.6 Normalized excess pore water pressures and axial

strains against time
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Table 3  Strain rate for cyclic triaxial tests

AR &, /(%l/h)
v CSR(£=0.1Hz) v CSR(f=1Hz)
04 06 08 04 06 08
150 178 287 578 1500 199 250 513
500 185 290 580 5000 198 260 574
1000 186 282 585 10000 192 256 564
3000 186 265 30000 198 240

6000 120 270
PHME 171 278 581 SEEIME 192 251 550
CSR(f=2Hz) N CSR(f=5Hz)

0.4 0.6 0.8 0.4 0.6 0.8
1500 172 274 532 1500 216 291 566
5000 167 255 548 5000 220 291 575
10000 163 296 527 10000 217 288 572
30000 165 290 30000 217 289 580

SEEME 167 279 536 SEFEME 218 290 573
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