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4. Effects of Cyclic Loadings Due to the Construction
Machinery on Geotechnical Characteristics of Soils

by Noriyuki HORIT®, Yasuo ToyosawA* and Satoshi TAMATE*

Abstract ; When caly layers are subjected to transient loadings such as induced by an earth-
quake or traffic, excess pore water pressure are generated. Due to the generally low permea-
bility of clays, such pore water pressures persist for some time after the cyclic events. An
understanding of the behaviour of soils subjected to subsequent undrained loading is neces-
sary not only for the safety design of structures but also for the safety of the working
environment of construction workers under such conditions.

The proper modelling of such soil behaviour requires, first of all, a better insight into the
actual cyclic loading imposed on the soil and, secondly, an understanding of the effect of such
cyclic loading on the subsequent undrained shear characteristics of soil. Towards this
ultimate objective, the characteristics of the loading imposed by construction machinery on
the soil during a construction process were measured on site and discussed in the separate
paper in this Reports. In this study, laboratory tests have been carried out to examine the
effect of cyclic loading on subsequent undrained shear behaviour.

Samples of kaolin clay were first subjected to uniform cyclic loading with frequencies
varying between 0.1 Hz and 10 Hz and with single strain amplitude varying between 0.1 %

“and 0.4 %. The subsequent responce of the clay under monotonic loading in triaxial appara-
tus was examined and the results of some of the laboratory measurements are also discussed
in this report.

Main results obtained in this study are summarized as follows ;

(1) For frequencies up to about 1 Hz, the accumulated excess pore water pressure measured
is the fully developed value, but for frequency of 10 Hz, a long waiting time is required for
the full development of the accumulated excess pore water pressure.

(2) Within the range of strain amplitude investigated, there seems to exist a threshold
amplitude strain level of about 0.2 %, below which the accumulated mean excess pore
water increases very slowly with &, but above which the changes are appreciable.

(3) Below the threshold strain amplitude, the fully developed excess pore water pressure
reduces with increasing loading frequency. : '

(4) The equivalent stiffness of soil decreases with repeated loading cycles but the rate of
degradation seems to reduce with increasing strain amplitude.

(5) previous cyclic loading history leads to a reduction in undrained shear strength as well as
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in the undrained stiffness at large strain levels.
Keywords ; Undrained strength, Cyclic loading, Construction machinery, Mean effective pres-
sure, Soil, Clay, Excess pore water pressure, Overconsolidation, Laboratory test, Strain,
Stiffness, Triaxial apparatus, Dynamic loading
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Fig. 4.1 Schematic diagram of dynamic triaxial appa-
ratus.
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Table 4.1 Physical properties of kaolin.
HF Y o OYIERHE

Liquid limit LL.=86.9%
Plastic limit PL=34.7%
Specific gravity Gs =2.69

.. ey e Silt 12 %
Grain size distribution Clay 88 %
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cycles.
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Table 4.2 Summary of laboratory test conditions and test results.

KERRM & EREROBE

Consolidation Cyclic Loading Undrained Shear
Test

pe’ we f € cyc® po ’d (E oq)20f (E ¢q)500% £0.25" E19%! Cul
Name (u/pc’)s00P (/pe”) it (OCR) ¢4°

kef/cm? % Hz % ¢ “lPe Jul kgf/cm® o kgf/cm?® kgf/cm? % kgf/cm? kef/cm?

182082k 1.97 49.2 - — - - 1.95 1.01 - — - 56 0.43
1S2D07 2.00 49.8 10 0.35 0.29 0.42 1.18 1.70 - - - 50 0.31
1S2D10 1.95 52.2 1.0 0.21 0.27 0.27 1.42 1.37 166 134 0.231 50 0.37
1S2D11 1.97 53.0 0.1 0.22 0.40 0.39 1.21 1.63 133 105 0.302 43 0.34
1S2D12 1.97 53.6 1.3 0.11 0.23 0.23 1.52 1.30 - - — 47 0.34
1S2D14 2.00 52.5 10 0.11 0.10 0.14 1.73 1.16 260 228 0.103 53 0.36
1S2D15 2.00 52.8 1.0 0.40 0.47 0.48 1.04 1.92 90 69 0.452 42 0.34

a Single amplitude of cyclic axial strain
b Normalised change in mean excess pore pressure at 500 cycles
¢ Normalised change in mean excess pore pressure after 30 min. waiting time

d Mean effective stress at start of monotonic shearing
¢ Equivalent overconsolidation ratio, OCRe;=p.’/po’
f Equivalent stiffness at 20 cycles

£ Equivalent stiffness at 500 cycles
h Strain level at a quarter cycle

i Stiffness defined in terms of the secant modulus at 1 % axial strain

j - Undrained shear strength, Cy, =@max/2

k Static loading with no previous history of cyclic loading
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