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ABSTRACT

The testing is employed to perform cyclic torsional sheardeshollow cylinder sampleinder isotropic
consolidated conditiowith static and dynamic universal triaxial and torsional shear soil testing appdiatus
authors conducted three dynamic torsional with single sample achieving dypeopirtiesunder three
confining pressures with saturated clagd undisturbed silty claypecial attention was paid tiee maximum
dynamic shear modulus Gmax ardbtaired from single sample of cycliorsionalshear test was basic
approximated with traditional method of dynamic torsional test. Based on theesefis rand theoretical
analysis,the confining pressure had a significant influence tioe dynamic shear modulus and feeble
influence on the dynamic damping ratidth the single samplanethod It was alsdfound thatthe Gof two
soils decreases whehe @nfining pressurelecreaseffom 40kPato 10kPaand the decreasing gradient of
G is less than the increasing gradient of G fromkBE@do 40kPa Therelation ofG anda-can befitted by
logarithm equation@ this paper. Furthermore, this method daminish the difference of the sample during
experiment and effectively provide convenience with authentic experintentds.

KEYWORDS: dynamictorsionaltest; hollowcylinder sample; saturated clay; undisturbed silty clay,
dynamic shear modulus; damping ratio

INTRODUCTION

As an important aspect on the research of the soil dynamics, the dynamic shelaisraod damping
ratio are the two principal parametdrg Seed (1970)which can be required to set up the model of
Hardin-Drnevich (L972) to describe the stressrain relatioship. In order toinvestigation on the dynamic
shear modulus and damping radibsoil, free vibration metholy resonant columapparatusvere carried
for different soils by Gu et al(1995) andYuan et al.(2000).1t was shown by Xie et al1088)that on
occasion of sl strain; one sample could be loaded progressively, according to the test of measuring module
and damping ratidl hrough the dynamic triaxial test by Guo et(aD06) it proved that to loachultileveled
on one sand sample could be practicafsfeer many years of experimental investigation, according to many
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types of soil sample dynamicpropertiesundertriaxial test by He et a(1997)use one specimen on 20 level

loads after changingconfining pressure or consolidation ratio and keeping on consmidaand
Recognized as the perfect test on research of soil dynamic property, the dynamic trosional test is the

ideal method to measure dynamic property, according to which, the dynamic property of dynamic trosional

tests on clay and siltglay werediscussed in this papeBuoet al. (2006),He et al. (1997 andWANG et

al. (2005) have measured the module and damping ratio usingasmsample on the dynamic triaxial

apparatus, and demonstrated the reliability of test results, withoufishession of feasibility to get

dynamic shear modulus and damping ratio through the dynamic trosional test of progressigealibed

changingconfining pressure ofingle sample under the small strain. Therefdtes discussedhat the

methodof geting dynamic shear modulus and damping ratio curfveaturated clay and undisturbed silty

clay through changing theonfining pressure (includingmposedandreduced pressuyéy single sample,

the result of which was compared with the result of the dymadmsional test under three different

consolidation pressures by three independent samples respectively.

TEST EQUIPMENT AND EXPERIMENTION PROCEDURE

Soil Sample Preparation

Due to the difficulty of obtaining of uniform saturated clay samible,researcln hollow cylinder torionsal shear of
dynamic properties aflay have not been system investigated. The halldimdrical specimens used in this study were
prepared by using theacuum suction methditst reported byran (1991) Considering the Poissaatio at initial state

of undisturbed silty clay approached to 0.44 and the problems of losing water of the specimens in transportation and
preservation, the pore water pressure coefficient of each sample was assured to reach more than 0.98 bythefsaturati
applying backpressure éired water. The basic physical property indices of the sasr@kelisted as Table 1.

Table 1 Physical property of the cland silty claysamples

J w G Wp W| I S’

(t-m? % s % % P %
saturated clay 1.95 29 2.67 1812 36.2 18 >98
silty clay 1.92 17 2.65 14.03 23.1 9.07 >98

For the hollowcylinder clay samples used in the study, the ewird innerdiameters of the sample are
70mm and 30mmmespectivelyand the height is 100mn&aturation ofthe sample is fulfilled by pouring
deair water ancby exerting back pressuré&he sinusoid cycle load was adopted in the cycle torsion shear
test, with frequency of 0.1Hz and applying equal confining pressure both inside and outside at same time

Test apparatu s

The soil static and dynamic universal triaxial aasibnal shear apparatus praddby Dalian University

of Technology and Seiken Inc. and made by Seiken Inc. allows the individual control of axial load, torque,
frequency and phase difference in noninterference state to perforraadialrsional coupling shear test or
cyclic torsion& shear testThe apparatus consists of five componeéntduding main unit, airwater unit

(air compressor and vacuum pump), simulation control unit, computer collecting unit and hydraulic loading
unit (hydraulic actuators and hydraulic supplyle detas are presentdaly Luanet al (2003)

Test Procedure

Put one sample of saturated clay and another sample of undisturbed silty clay respectivelykidto 100
consolidated pressure firstly, and then applies about 20 level differemd@adrequency of AHz with 5
cycles per load level to the same samples, keep on the consolidation respectivekPata?d040BPa
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consolidation pressure and apply cyclic liogdsectional; to the same sampieducedthe consolidation
pressure to 280Paand 10&Paand th@ reconsolidate it by applying cycle load sectional, measuring the

G and 3-of soil when rebounding under degressive consolidation pressure relevantly. Compared with the
result of dynamicorsional test about dynamic property by adopting three indepdnskmples of two

kinds of soil samples at 100, 200and KRaconfining pressure, the former kind of curve went around the

later one within 20%. It can make sure the reliability of experimental results and analyses to use the method
of getting dynamigqropety of different consolidated pressur@scluding imposedand reduced pressure

with singlesample.

ANALYSIS OF DYNAMIC SHEAR MODULUS RESULTS

The G g relation curve of single sample with imposed pressure

Based on the curve of hysteric relationshipJahdo in the condition of cyclic stress, the dynamic shear
modulus of different strain levels can be gotten. In the condition of avoiding pore water pragsire
obviously, the changing law @ with o of single sample due to two kinds of soil samples consolidated in
differentconfining pressures, as FIgG andG.xare both growing with the increase of confining pressure,

the reason of which is that when applying confining pressure, the grains thesidample come to a
thickening trend continually, the void ratio decreases and the grain contact point of soil increases, which
makes the dynamic strain less and the slope of skeletal curve indtéasdso shown in the picture that

the G of undisturted silty clay is larger than that of saturated clay andXloé silty clay increases more

when confining pressure increases, that is, the shear modulus of silty clay is more sensitive than that of
clay, which shows that the element of clay in grain cortfmsaffects the property on elastic distortion of

clay and silty clay in Dalian, and the characteristic of nonlinear dynamics as well.
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Figure 1: Variationof G ~g of single samplavith three pressures

The G grelation curve of single sample with imposed and
reduced pressure

According toeachsingle sample of two kinds of soil, reduced the consolidation prets@@kPaand
10kPg andthen apply cglic loadng to getthe reducedeboundG orelation curve of the tweoilsin the
degressiveonsolidation pressure as FEglt is also shown in the picture that the dynamic shear modulus of
two kinds of soil decreases afteonfining pressie reducedbut can be little larger than that iocrease
confining pressurelhat is, theG decreaseas the pressumeducedand thedescending gradient is smaller
than that ofimposedgradientwith increasing pressure
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F'igl]r‘e 2: Variationof G ~gby imposed and reducguessure

The G (relation curve measured by two methods

The experimental result of measuri@dy one sample ahultiple consolidations can be compared with the
one by three single sample, from which the o relation curve should be gotten as BidIn the picture,

the solid icon stands for Method 1: the resulsioigle sample bymultiple consolidation; the hollow icon
stands for Method 2: the result of three samples by respective cotisnliflAs is analyzed from Fig, the
trend change of the w6 9relation curve are affected a lot by the two methods, especially odi€r,

that is, the influence in minute shearistgain amplitude value is very particular, but not wheh0? at all.

The dynamic shear modulus ofultiple consolidation by one sample is a little lower than the one of
consolidation by three single samples, but whenfining pressure comes to 4kPa the difference
between two curves enlarges, which shows that although the variant level increesefnasy pressure
increases, it can also ensure the reliability of experimental result basically, compared with the result of
routine dynamicorsionalted, especially in theonfiningpressure of 1Paand D0kPa As is also shown

in Fig.3, the difference of undisturbed silty clay is larger than the one of clay edrdiming pressure is
40kPa which probably relates to the internal structure of thekivwds of soil samples.
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Figure 3: Variationof G gby two test methods

Gmax and G/G ,ax acquired by different experiments

When the maximal shear modulus is ascertained from test information, dynamiessaigsselation is supposed to
meet the Hardiii Drnevichhyperbola model, wibh expression can be written as:
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Wherea=1/G., Gmax is the initial slope coefficienbf skeletal curve; b=1f.. fmax iS the maximum sheastress
Through the coordinate transformation of equatinif can be written as:

Gltm UG = a+bgi=1/Gad G tmax @)

After 1/Gnax O linear relation is acquired, the initial slope coefficient of skeletal curve can be gotten as

Gmax by taking reciprocal of the straight line interceYihen ascertaining the maximal dynamic shear

modulus in this paper, the dynamic shear stsbgsring stin hyperbola of small strain amplitude being

mainly supposed as reference, the maximal dynamic shear magjyis acquired by taking reciprocal of

the straight line intercept after linefiiting, using the X 9 straight line with shearing straig3x10*(the

1/G o measured by experimentation is shown asdfidit the same time the other should be taken: take

the dynamic shear mo daslthe maxithal dyramic shgar modu,..in tkesT 1 0
arelation curve.
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Figure 4: Fit linear plot ofl/Grb gcurve

The maximal dynamic shear modulus taken by two different experimentation under the condition of
imposedandreducedare shown aSable 2 and table 3, from which it can be seen that the dyrsmaar
stressshearing strain relatiorsatisfies Hardin-Drnevich hyperbola model in small straiamplitude
(0<3x10% and it is reliable to get the maximal shear modulyg, 81d G*,. by increasing the measuring
accuracy of small strain. It also can be found in table 2Taflle 3 thareducedcandecreasehe shear
modulus of clay and silty clay which is a little higher than thainpiosedwith the same confining pressure

and the heder reduceds, thegreater the differences of shear modulus betirepnsedandreduceds.
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Table 2: Resultof 1/G~gwith two soils

Clay single clay sample imposed single clay sample reduce
Pimo/kPa 10kPa 20kPa 400kPa 20kPa 10kPa
a/MPa* 0.020 0.0176 0.0123 0.0164 0.0204
b /MPa* 0.3273 0.2370 0.2091 0.2157 0.2765

GmaxMPa 45.45 56.81 81.30 60.98 49.02
G*maxMPa’ 44.68 58.47 78.29 61.11 50.23
Silty clay single clay sample imposed single clay sample reduce
Pmo/kPa 10kPa 20kPa 40kPa 20kPa 10kPa
a/MPa* 0.01927 0.01225 0.00744 0.01058 0.01594
b /MPa* 0.3906 0.23163 0.06775 0.21276 0.26193
GmaxMPa 51.89 81.63 134.41 94.52 62.74
G*maxMPa’ 50.31 82.41 138.05 95.36 62.73

According to the dependency relationship between maxisielar modulus and average effective
consolidation pressure due by the two experimentations; kég already given the relation between zero
dimension maximal shear modul@g./ p. and average effective consolidation pres$tisg p, of clay and
undisturbed silty clay after normalization in standard atmosphere pressure. It is can be seen from the picture
that the dependency relationship between maximal shear modulus and average effecticatamso
pressure on logpg coordinate bsically presents a favorable linear relationship and the empirical formula

of Janbu can be usedfitied. Here is the expression of empirical formula of Janbu:

i n
Gmax kG*pa(p mOjpa) G 4)

In the formulae, po is the initial average effective principatress {o the equal consolidation, initial
average effective principal stregsoi s equal to initi a)lPadédhestanddrdd at e d
atmosphere pressure used thmensiotesskg; kg is shear modulus coefficient and is shear modulus

index. The result of the linear fitting parametégsand ry by two kinds of experimentation of two soil
samples is shown in Table 4.

Table 3: Resultof 1/G~gby two test methods with two soils

Clay by method 1 Clay by method 2

Pmo/kPa 10kPa 20kPa 40kPa 10kPa 20kPa 40kPa
a/Mpa* 0.0220 0.0176 0.0123 0.0220 0.0159 0.0104
b /MPa* 0.3273 0.2370 0.2091 0.3273 0.2646 0.2265

Gmax 45.45 56.81 81.30 45.45 62.89 95.96

G*max 44.68 58.47 78.29 44 .45 61.79 93.96

Silty clay by method 1 Silty clay by method 2

Pmo/kPa 10kPa 20kPa 40kPa 10kPa 20kPa 40kPa
a/Mpa* 0.0193 0.01225 0.00744 0.0193 0.0107 0.0056
b /MPa* 0.3906 0.23163 0.06775 0.3906 0.2081 0.1108

Gmax 51.89 81.63 134.41 51.89 93.15 178.57

G*max 50.31 82.41 138.05 50.11 95.08 172.35
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Figure 5: Variationof Gnax  So by differenttest methods

Table 4. Parameters diz andng by two test methods

Parameters Single samplémposed Single sampleeduced Three samples by method 2
Clay kg 445.09 498.98 446.68
Clay ng 0.4046 0.3230 0.5298

Silty clay kg 514.97 633.46 518.71

Silty clay ng 0.68656 0.54959 0.89148

What can be seen in Figand Table 4 is that there is little influence to the empiric paramieiensd ry of

maximal shear modulus,,, of two soil by different experimentations, but in details the one of silty clay is
larger than saturated clay. It is suggested that the dynamic shear mobekeiumsinatedy the method of

many times consolidation on one sam$ familiar with the one of the ethod of using three single
samples basically, which can make sure the reliability of experimental result and decrease the workload of
experimentation and analyses.

Let the dynamic shear modul@ acquired by two methodse divided by each maximal dynamic shear
modulusG,x and the changing law of normalization shear modulus,GM¥ shearing strain is shown as

Fig. 6. It is can be seen from the picture that tH& g« o relation curves of different initial consolidated
pressure by two methods basically fall into such a narrow banding range that the influence called by
difference of experimentation is removed to a great extent. Since the scatter of points tally wtedith
curves, a suggested fitting curve can be expressed in this paper as:

b
G/Gmax 1/ 1 ag (5)

Clay. G/IGnax 1/ 1 28229 °7™
Silty clay: G/Gpax 1/ 1 37.28483 °&%
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Figure 6: Variation of G/G,o¢b gby two test methods

ANALYSIS OF DAMPING RATIO RESULTS

The T (grelation curve of single sample

Damping ratio of soil can express the viscous behavior of soil and the dampirg ratboa n be gott e
the area of hysteretic loop curves and the triangle area below connection between origin point and maximal
amplitude value point, that is, the ratibamefficient of damping and critical coefficient of damping. It is

hardly to perfectly fit the complicated changing law of damping ratio and shearing strain with
Hardin-Drnevich and Davidenkov model, according to which the logarithmic formula used pathésfit

well:

X= x Xmax = Nin
1+ (g/ay ©
I'n the fueiranmut e, | aa st id thenmaxima damg@nyg iratio; a and b are match

parameter of experimentation.

It can be seen in Fig.that neither of clay or undisturbed silty clay is afézl particularly by initial
consolidated pressure, but there is still a trend of damping ratio reducing with increase of confining
pressure. The reason that the damping @tior educes with the increase of
same shearing stralevel could be thought that when consolidation pressure is increasing, thgramele

touch of samples come to a trend of more and more tighter, and propagation paths come to more, due to
which the energy loss reduces in spreading process and théesastifien, that is, the damping rate
expressing how much of e ne theydynaniicodansp chiaregesraelileste a . Wi
constant; wherm>10> clay and silty clay begin to express obvious Hinaarity but very large elasticity

and the microstructure residual deformation of two soil samples doesn't appear or appear a little; with the
increase of shearingtrain 6O 19 the nonlinearity and inkasticity characteristics of clay and silty clay

keep increasing. It is shown from the changing law of damping ratio expressing how much of energy loss
increasingwith shearing straimncreasingthat the stresstrain relation of saturated clay and undisad

silty clay on research cdnim the general rule aforlinear elasticity andystericsquality. The damping
ratio 3 fitting result of two soil sampl es by ex
respectively, is shown in FigandTalde 5.
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Figure 7: Variationof 3 g of single samplevith three pressures
Table 5: Result ofG/Gax  3-with two soils
Clay Silty clay
Confining pressure  10kPa 20kPa 40kPa 10kPa 20kPa 40kPa
a 0.0569 0.0771 0.0979 0.0411 0.053 0.0611
b 1.095 1.0011 1.0562 0.7714 0.9408 0.9222
The nor mal i z a t~igcelatiori curve ofrsiagke sample
As one of those important cur yesurveieshewnmiFi§sosn s oi |

which it can be seen that all the testing point fall into a narrow banding area. Since the scatter of points well
tally with the fitted curve, the fitted curve can be expressed as:

afamax  al*( g(l+az*g))m )

Silty clay 3/3pax  1.353* gl(1+1.73@)0.3148

Saturateclay Silty clay

Figure 8: Variation of a/3m,yb gby normalized



