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ABSTRACT

Wave barriers are intended to mitigate the transmission of vibrations in the soil actively or
passively including open and-filled trenches, sheet piles, etc.ost previous studies, the
effects of governing parameters on screening induced by shallow foundations were examined
in which the Rayleigh waves are of importance, In this study, however, the ground vibration
isolation of deep foundations, predominanthyneeting body waves, in clayey soils resting

on an homogeneous halpace has been investigated. The effects of geometrical properties of
an open trench are studied in details. Three dimensional finite element analyses (FEM) with
ANSYS software are utilizbto conduct an extensive parametric study on active isolation.
The surface to surface contact element for the nonlinearity state of th@lesdilterface as

well as nonlinear DruckePrager soilbehavior under Full Transientanalysis have been
utilized to obtain more accurate results.

KEYWORDS: Active Isolation, Vibration Reduction Rayleigh Wave, Pile
FoundationsClay, Rectangular Trenchéody Waves ANSY Sprogram
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INTRODUCTION

The vibration that occurs in most machines, structures and dynamic syisems
undesirable, not only because of the resulting unpleasant motions, the noise and the dynamic
stresses which may lead to fatigue and failure of the structure or machine, but also because of the
energy losses and the reduction in performance that acogmipa vibrations. Generally,
installing the wave barrier near the vibration source to mitigate adverse effects of vibrations is
known as active isolation; whereas, passive isolation is remote from the source surrounding or in
the immediate vicinity of thetructure to be protected.

Regarding the literature on groubdrne vibrations, Barkan (1962) performed field tests
to evaluate motions in the screened zone behind trenches and sheet piles concluding that
reductions of displacement amplitude could be editile when trench dimensions are large
enough relative to the wavelength of the surface motions. Woods-{B#8 conducted a series
of field tests to study the screening performance of different governing parameters of trenches in
active and passive ikdion systems. Woods defined AmplituBeduction Ratio A,;) and
concluded that a minimum trench depth of 0.6 times the Rayleigh wave length is reported to
achieve a 75% reduction in ground displacement amplitude. Woods et al. (1974) simulated
vibration n halfspace employing the principle of holography to investigate the screening
efficiency of hollow cylindrical piles as barriers in passive system. Using finite element method
(FEM) in the frequency domain and under the assumption of a plane straitiacgrigismer and
Waas (1972), Haupt (1977) and Segol et al (1978) assessed the vibration screening isolation.
Meanwhile, May and Bolt (1982), Emad and Manolis (1985), Haupt (1977), conducted in the
frequency as well as in the time domain to examine ismiafficiency of wave barriers.

Aboudi (1973) conducted a research to evaluate the ground surface response of wave
barriers under a timdependent surface load in elastic fefice; moreover, Fuykui M,
Matsumoto Y (1980) studied Rayleigh wave reachingopen trench through finite difference
method (FDM). Beskos et al (198891) employed boundary element method (BEM) to study
open and iffilled trenches as well as pile wave barriers. Ahmad antiUdsaini (1991, 1996,
and 2000) concentrated on simplifiddsign methodologies for vibration screening of machine
foundations by trenches using a thoemensional boundary element algorithm.

Kattis et al (1999a, 1999b) developed an advaffimeglency domain BEM code to
examine the isolation screening efficignof open, infilled trenches and pile barriers. They
summarized that trenches are more efficient than pile barriers, except for the vibration with large
wavelength, where deep trenches are impractical. Hollow piles are observed to be more efficient
than concrete piles. Furthermore, circular cresstion piles have a similar behavior to those of
square crossection. Shrivastava (2002) examined the effectiveness of open and filled trenches
for screening Rayleigh waves due to impulse loads in a 3D FElncodsidering the effects of
the geometric parameters of trench barrier to reduce ground displacements. Soil, in his research,
was idealized as linear, isotropic continuum. Adam (2005) inspected the effectiveness of open
and infilled trenches in reducinthe sixstorey building vibrations due to passing trains using a
two-dimensional FEM analysis. An 80% reduction in the building vibrations and internal forces
were reported. ElI Naggar (2005) explored the efficiency of soft and stiff barriers in screening
pulseinduced waves for shallow foundations resting on an elastiespatfe. The efficiency of
different types of wave barriers in vibration isolation for shpobducing equipment was
assessed and results were presented in Arr. Celebi, E et al (208&)tpdetwo mathematical
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models and numerical techniques for solving problems associated with the wave propagation in a
track and an underlying soil owing to passing trains in the frequency domain. They utilized BEM
to investigate the thredimensional dynaic response of the free field nearby railway lines
induced by the moving loads acting on the surface of a homogeneous soil deposit. In addition,
Celebi et al (2006b) conducted comprehensive numerical investigation to indicate the influence of
wave barries on the complex dynamic stiffness coefficients of the surface supported foundations
under dynamic loads. Tsai et al (2007) conducted a numerical research usirdjntemresional

BEM in frequency domain to scrutinize the screening effectiveness of cipilda in a row for a
massless square foundation subject to harmonic vertical loading. They reported that screening
effectiveness of steel pipe piles is generally better than that of solid piles, and that a concrete
hollow pile barrier can be ineffectivie to its stiffness.

From the above review, researches mainly focused on vibration reduction of open and in
filled trenches by shallow foundations in which the Rayleigh waves play significant role in
transmission of ground vibrations. In this study, hesvethe ground vibration isolation of deep
foundations, mainly generating body waves, has been investigated in clayey soils.

PROPAGATION AND ATTE NUATION
CHARACTERISTICS DEEP FOUNDATION

Emanated waves from deep pile foundations in the ground are elagtis iathe form
of shear wave, compression waves, and surface waves (Figure 1) (Attewll and Farmer, 1973).
Vertically polarized shear waves are generated by swilft contact which propagate radially
from the shaft on a cylindrical surface; meanwhile astad compression waves propagate in all
directions from the toe on a spherical wave front especially at the pile toe, and Rayleigh waves
propagate radially on a cylindrical wave front along the surface. In an elastic half space, both
body waves and Ragigh waves decrease in amplitude with increasing distance from the pile
foundationdue to the geometrical damping. Theoretically, ground vibrations in the far field
attenuate inversely proportional to the square of the area of the wave front or acaordirig t
with r the distance and n the geometrical attenuation coefficient. The latter is equal to 0.5 for
surface waves propagating on a cylindrical wave front and equal to 1 for body waves propagating
on a spherical wave front in the interior of the half spfmebody waves propagating along the
surface, the coefficient n is equal to 2 (Wolf 1994).

PROBLEM DEFINITION AND ASSUMPTIO NS

A rigid circular footing of radius 9mBf), with 17 piles of diameter 80cm and length
resting on a soil layer of a limited tkiness underlain by a hard stratum at a depth ahd
length L is subjected to a harmonit=800Hz) compressive surface loagsR ) (Figure 2). An
annular open trench of depth D and width W is located at a eatenter distance of R from
the fourdation (Tablel).

The soil is assumed isotropic and homogenous with Drtlekager soil behavior for
plastic deformations and soil yielding. The hard stratum is presumed to be very rigid relative to
the soil layer.
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Figure 1: Wave propagatioinduced by deep foundation

Tablel: Geometrical properties of the trench and the piles

Parameter Value
Pile Length (m) L1 5m
L2 10m
L3 15m
L4 20m
Trench Location (R) R1 1.5B
R2 2 B
R3 2.5B
R4 3B
Trench Depth (D) D1 L/4
D2 L/2
D3 L
Trench Width w 75 cm
Footing Radius Bf om'

'As an example
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Figure 2: Problem definition active isolation by open trendh deep foundation.

GEOMETRICAL MODEL

Taking advantage othe axisymmetry in plan, only 1/4 of the actual model is built
resulting in significant reduction in computation time. Model dimensions are selected optimally
large enough to prevent the surface wave reflection which decays much more slowly with
distance than the body waves. The depth of model to prevent any waetioaffrom the base of
model is computed through trial and error as three times of pile length which shall not be less
than 30m.

FINITE ELEMENT MODELING STRATEGIES

Drucke-Prager yield criterion [30for plastic deformations and yielding is applied to
simulate the soil behavior fieed by the followingparameters

C: Theécohesiodvalue; C=6kN/m?
0: The angle of internal friction; u=50.

The angle of dilatancy was assumed to be equal to the angle of internal friction
(associated flow rule)There was no strain hardening; therefore, no progressive yielding was
considered. To simulate behavior of soil and the foundation such as sliding or any probable
separation at the sestructure interface, three dimensional surfesurface contact eheents
(Contacl74, Targel70) have been employed. The soil surface and pile are taken as contact
surface and target surface, respectively because of the rigidity of the foundation comparing the
underlying soil. Normal contact stiffness factor was assumdaetequal to 1 and maximum
contact friction coefficient was taken 0.6. Solid45 (figure 3) is used to model the soil and the
foundation block. The element is defined by eight nodes having three degrees of freedom at each
node: translations in the nodal x,and z directions. The element has plasticity, creep, swelling,
stress stiffening, large deflection, and large strain capabilities (ANSYS Manual).
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Figure 3. Eight-nodedelement (Solid45).

Meshing and Boundary Condition

The precision is achievedy smaller element size in the vicinity of the foundation and
trenchincreasingin size gradually, for distant elements form the trench outer edge. Boundary
conditions are assigned by restraining the displacement in the x and y directions: the y
displacemats in x direction together with x displacement along y axis are restrained. The outer
edge of model is also restrained in x and y directions. The hard stratum underlying the soil layer
is assumed to be a rigid boundary therefore the freedom degreestimethalirected has been

restrained. The geometry of FEM, meshing method and boundary conditions are shown in Figure
4.

(4c) Elevation

Figure 4: The geometry of finite element model
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Damping Model

The damping matriXC) in ANSYS software is calculated by multiplying the following
constants to the mass matrix (M) and stiffness matrix (K).

[c]=a, ]+, K] ]
In which The Rayleigh damping is materd#pendent dampindpd) calculated by:

ar + brM/| [2]
2w 2

bg =

Where; is the natural circular frequency of moideln many practical problems that a
l arge mass introduced i nto t=hOeresuitmglie lndesirablepha dam
results. B8Y9. §a&h d¢chlidibeayalubted asllimving:

b, = opcf)so 5¢10°, a, =0

r

3]
Model Verification
The gener al equation modeling propagation o

location at distanceef r om t he source) t o paqgfromthegobrée)lcara | ocat i
be stated in theofm of Equation (4)

o ~g
ada a8 alryry
o€
T2 4]

Whereo depends upon the type of propagation mechanisniJdach material damping
coefficient (Amick and Gendrea000)

Table 2 Summary of theoretical geometric attenuation coefficients, based on wave type.

Source Wave Type Measurement Poin 2
Point on Surface Rayleigh Surface 0.5
Point on Surface body Surface 2

Point at Depth body Surface 1
Point atDepth body Depth 1

As no analytical and experimental results have been presented in the literature, therefore,
the accuracy of the obtained results from the current study is validated simply by the assessment
of the body wave propagation of defepindation by equation 4. Pile foundation can be classified
as a point on source generating body wave and the travel distance can be estimated as a horizontal
distance from the sourc&igure 5 exhibits a reasonable agreement between the current FEM
model and the equation (4).
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Figure 5: Comparative study of obtained results.

The variation of displacements is not identicathis may be accounted to the
approximation used in derivingdtequation.

Results from the finite element analyses

Woods (19681969) proposed an averaged amplitude reduction igiofor assessment

trench effectiveness; the amplitude reduction ratig,ié\the ratio between amplitude with trench
and amplitude whout trench.

A = Amplitudewith thetrenchbarrier
" Amplitudewithout hetrenchbarrier

[5]

To evaluate the screening effectiveness of trench, the averaged amplitude reduction ratio,
A, is calculated along all radial lines right behind the trench and in the length of one Rayleigh
wave length. The Ragigh wave length is calculated by dynamicduluisof elasticity.

nl
A, =1 fYArrdr, [6]
n =0
where
r, is the radial distance between the trench and the outer edge of the barrier;

n represents the number of points along the radial distances.

For the sake of generalization, the geometric parameters and the results are presented in a
dimensionless form. The curves Af; plotted against the depth of trench and trench location
normalizel by length of pile an®Rayleigh wavelengthespectively.

d:%pvr:%r [7]
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Effect of Trench Depth

The effect of trench depth is demonstrated in figures 5 through 8. Generally, increasing
the depth of trench causealacrease in A Similarbehavioris observed in vibration reduction of
shallow foundatioareported in many published researches. Deep foundations primarily generate
body waves; in other words, Rayleigh waves transmit a small part of vibration energy by
comparison. Results reveal that except shallow pile foundati@s5m), a minimum trench
depth of 0.5 times the pile length is the optimal depth for achieving an ideal reduction in ground
displacement amplitude. In case @f0.5 and in shorpiles (L=5m), the A, is effectively
depends on the trench location; whereasisAmostly independent of trench location in cage
increasingpile length, (>10m), which may leads tan exceptionally small vibration reduction,
therefore, deep trenches are uneconallyipractical and are not recommended.
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Figure 5: Effect of trench depthLES)
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Figure 6: Effect of trench depthL&10)
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Figure 8. Effect of trench depthLE20)

Effect of Trench Location
Generally, increasing the trench location lead an increasg.im/Ahort pile foundation,
as can be seen in Figure 9, for trenches Iocat(—:',dzétﬁB%r body waves are not capable of

passing through trench barrier due to the stimtance between the source and the trench. This
may lead to a better trench performance. For trenches locatign éﬁB%r body waves reach

the surface and very deep trench is necessary to provide screened zone. Hepdedieages
and poorer performance is obtained by comparison. For fudisancey ;- 2-58%r) dueto

material and geometricdbmpingA,, appear to decrease. Thyg ZB%r is highly recommended

for short piles (<5m) to obtain ideal vibrain reduction.






