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ABSTRACT 
This paper investigates the effectiveness of shallow rectangular open trenches in reducing the deflections of sheet pile walls during
deep dynamic compaction (DDC), by isolating the energy waves propagating to the sheet pile walls. This investigation was achieved
by a series of comprehensive numerical analyses using a two-dimensional finite element (FE) method. Rectangular open trenches with
different dimensions were investigated, and the dimensional effects on reducing wall deflections were analyzed and discussed. The
numerical analysis results indicated that excavating an open trench in front of the sheet pile walls is an effective measure to reduce
wall deflections caused by DDC. For the investigated trenches, increasing the depth or the width of the trenches can efficiently
improve their effects on reducing wall deflections. Finally, some charts that depict the dimensional effects of open trenches on
reducing wall deflections due to DDC were established. 

RÉSUMÉ
Cet article examine l'efficacité de l'ouverture des tranchées dans la réduction des détournements de palplanches profonde au cours de 
compactage dynamique (DDC), en isolant l'énergie des vagues se propageant à des murs de soutènement. Cette enquête a été réalisée
par une série d'analyses numériques en deux dimensions des éléments finis (FE) method. Ouvrir des tranchées rectangulaire avec des 
dimensions différentes ont été étudiées, et les effets de relief sur le mur de la réduction de la déformation ont été analysés et discutés.
Les résultats de l'analyse numérique a indiqué que l'excavation d'une tranchée en face de la palplanches est une mesure efficace pour
réduire les détournements mur causé par la DDC. Pour le peu d'enquêtes ouvertes tranchées, l'augmentation de la profondeur ou la
largeur des tranchées peut améliorer efficacement de leurs effets sur la réduction de la paroi des détournements. Enfin, certains des 
tableaux qui illustrent les effets de relief sur la réduction de la paroi en raison de détournements DDC sont mis en place. 
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1 INTRODUCTION 

In practice, wave barriers are often constructed between the 
vibration sources and the structures to be protected to isolate the 
ground-borne vibrations due to machine operation, train traffic, 
pile driving, and blasting. The wave barriers placed in the 
ground surrounding the vibration sources where body waves are 
dominant are called active isolation measures, and the wave 
barriers placed before the structures to be protected where 
surface waves are dominant are called passive isolation 
measures. Wave barriers include soft barriers (e.g., open 
trenches, trenches filled with bentonite slurry, gas-cushion 
trench) and stiff barriers (e.g., concrete walls, sheet pile walls, 
hollow/pipe piles). Via numerical or experimental methods, 
many studies had been carried out to examine the isolation of 
ground-borne vibration by wave barriers (Woods 1968; Richart 
et al. 1970; Segol et al. 1978; Fuyuki & Matsumoto 1980; 
Haupt 1981; Ahmad & Al-Hussaini 1991; Haupt 1995; 
Massarsch 2005). Many studies concluded that open trenches 
have some distinct advantages over other types of wave 
barriers: (1) Open trenches are more efficient than those in-
filled soft wave barriers or stiff wave barriers, because no 
energy can be transferred across them; (2) from the practical 
point of view, open trenches are much more economical and 
easier to be constructed. However, its practical application is 
limited to relatively shallow depths because of soil instability 
problems. Most of the aforementioned studies indicated that the 
depth of an open trench is the most important isolation 
parameter.  Increasing depth can block more waves, but in the 
meantime, the open trenches become more slender, and 
expensive stabilizing structures will be needed. As to the 

influence of trench width, there were different findings, so far. 
Fuyuki & Matsumoto (1980) pointed out that the effect of width 
could be significant for shallow open trenches, whereas Woods 
(1968) concluded that the effect of width was insignificant. 
Ahmad & Al-Hussaini (1991) pointed out that the width of an 
open trench is of very little importance except for shallow 
trenches. They attributed this to that for shallow open trenches, 
a significant amount of surface (Rayleigh) wave energy is 
allowed to pass below the trenches and the relative contribution 
of the width effect is large. Adam & von Estorff (2005) 
concluded that increasing the depth or the width of an open 
trench leads to an increase in the obtained vibration isolation 
level, but increasing the depth is by far more effective. 

According to Tan (2005), when the tamping points were 
beyond 18.3 m distant from the sheet pile walls in peat, deep 
dynamic compaction (DDC) on the retained backfill sands had 
no apparent effects on the transient dynamic lateral earth 
pressures against the sheet pile walls, while, the tamping points 
closer to the retaining walls would cause much larger lateral 
earth pressures which would possibly induce unexpected large 
wall deflections. Therefore, it is possible to reduce wall 
deflections during DDC by isolating the energy waves 
propagating in the zones near the sheet pile walls to be 
protected. This can be achieved by excavating a shallow 
rectangular open trench between tamping points and sheet pile 
walls. The purpose of this study was to investigate the isolation 
effectiveness of rectangular open trenches on reducing the 
DDC-induced deflections of sheet pile walls in peat deposits. 
This was achieved by performing a series of comprehensive 
finite element (FE) analyses. The reduction effects of 
dimensional parameters (i.e., depth, width) of the trenches were 
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examined, and the key parameters that govern the isolation 
efficiency were identified.  

2 PROBLEM DEFINITION 

A typical roadway geometry of US Route 44 relocation project 
constructed in peat bogs in Massachusetts, USA was selected 
for analyses. The entire construction was comprised of several 
stages including DDC, and each of these stages has been 
introduced in Tan (2005). Figure 1 presents the geometries of 
the problem to be studied. The roadway had a median width of 
18.3 m. The height of the sheet pile walls selected for 
investigation was 16.0 m, with a penetration depth of 6.2 m in 
the upper peat layers and a penetration depth of 8.8 m in the 
underlying sands. The top of the sheet pile walls was about 1 m 
above the existing ground surface. The peat between the sheet 
pile walls was completely excavated and then backfilled with 
granular sands as roadway foundation soils, without dewatering. 
The water table level was at a depth of 3.0 m below the ground 
surface. It was assumed here that only one pass of DDC would 
be applied to densify the loose satuarated backfill between the 
sheet pile walls, following the prescribed grid-pattern shown in 
Figure 1. Compaction was conducted following the order of the 
tamping points A to D. The distance between two adjacent 
tamping points was 4.6 m. Compaction was completed using a 
14.4-ton tamper falling from a height of 18.3 m, and each grid 
point was repeatedly impacted by 9 drops. In order to reduce the 
wall deflections due to DDC, a rectangular open trench was 
excavated in the backfill near the sheet pile wall to screen the 
DDC energy waves propagating to the retaining wall. In order 
to keep the wall stability of the open trenches, a thin layer of 
reinforced concrete with a thickness of 0.25 m was assumed to 
be paved at the surface of the trenches. The isolation effect on 
reducing wall deflections is evaluated in terms of an amplitude 
reduction ratio,  Ar, i.e.,  

0δδ irA =               (1)  

Where, i = deflection at the top of the sheet pile wall with a 
trench close to the sheet pile wall; 0 = deflections at the top of 
the sheet pile wall without a trench. To emphasize the reduction 
in wall deflections due to the existence of an open trench, 
another parameter called the percentage reduction ratio, Rf, is 
defined as: 

( ) ( ) %1001% ×−= rf AR           (2)
                                                     

3 FINITE ELEMENT SIMULATION 

For the moment, no field or laboratory tests were known to 
investigate the reduction in DDC-induced deflections of 
retaining walls by wave barriers. Considering that a full-scale 
field experiment is too expensive to be carried out and small-
scale model test results could be difficult to extrapolate to 
prototype situations (Ahmad & Al-Hussaini 1991), an efficient 
numerical technique can be an appropriate option. The problem 
defined in Figure 1 was investigated by performing a series of 
finite element (FE) analyses using the commercial FE code 
Plaxis 8.2 (Brinkgreve et al. 2002), in which dimensional 
parameters of the trenches were varied to study their effects. 
The accuracy and reliability of the FE-code Plaxis 8.2 for 
estimating the DDC-induced deflections of sheet pile walls in 
peat had been validated by Tan (2005). To account for 
cumulative effects of construction sequences, the FE modeling 
replicated the recorded construction steps at US Route 44 
relocation project. 
 Because of symmetrical geometry, a plane-strain model 
with half geometry was adopted. Figure 2 presents a typical FE 
mesh made of 15-node triangular elements along with a 
rectangular open trench. The left and right vertical boundaries 

were fixed horizontally, and the horizontal boundary at the 
bottom was fixed in both horizontal and vertical directions. 
Absorbent boundaries which can absorb the energy waves were 
applied to both the vertical and horizontal boundaries to prevent 
reflection of waves back into the soil bodies. The peat was 
simulated by a soft-soil-creep (SSC) model, and the backfill and 
in-situ sands were simulated by a Mohr-Coulomb model. The 
reinforced concrete stabilizing structures were simulated by a 
linear elastic non-porous model, and the sheet pile wall was 
simulated by a plate element. The interactions between the sheet 
pile wall and soils were simulated by interface elements located 
between the wall and soils. The constitutive models along with 
material properties used in the FE analyses are summarized in 
Tables 1 to 5, respectively. The loading induced by each DDC 
blow was simulated by a rectangular pulse loading with an 
amplitude of 5314 kPa and duration of 0.01 second. Detailed 
introductions on how to simulate DDC using Plaxis 8.2 had 
been introduced by Tan (2005) and will not be repeated here.  

Figure 1. Geometries of the problem studied. 

Figure 2. Typical FE-mesh with an open trench. 
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Table 1. Properties of Carver Peat for FE soft-soil-creep (SSC) 
model (Based on Elsayed 2003). 

Parameter Symbol Unit Magnitude 

Total unit weight γ kN/m3 10.43 
Permeability 

(horizontal direction) 
kx     m/s 3.05 x 10-7

Permeability 
(vertical direction) 

ky     m/s 3.48 x 10-8

Poisson’s ratio ν — 0.15 
Cohesion c'     kPa 2.00 

Friction angle φ'  ° 12.00 

Dilatancy angle χ  ° 0.00 

Interface strength 
reduction factor 

Rinter. — 0.50 

Compression index Cc — 3.40 

Swelling index Cs — 0.47 

Secondary compression 
index 

Ca — 0.15 

Initial void ratio e0 — 8.00 
Modified compression 

index 
λ* — 0.164 

Modified swelling index κ* — 0.045 
Modified creep index µ* — 7.25 x 10-3

Table 2. Properties of backfill sands for FE Mohr-Coulomb 
model. 

Parameter Symbol Unit Magnitude 

Total unit weight γ kN/m3 17.00 
Young’s modulus Eo kPa 12.00 x 103

Poisson’s ratio ν — 0.25 
Permeability 

(horizontal direction)
kx m/s 1.16 x 10-5

Permeability 
(vertical direction) 

ky m/s 1.16 x 10-5

Cohesion     c′  kPa 0.00 

Friction angle φ' ° 32.00 
Dilatancy angle χ ° 0.00 

Interface strength 
reduction factor 

Rinter. — 0.65 

Table 3. Properties of in-situ sands for FE Mohr-Coulomb 
model. 

Parameter Symbol    Unit   Magnitude 

Total unit weight γ kN/m3 19.50 
Young’s modulus Eo kPa 25.00 x 103

Poisson’s ratio ν — 0.25 
Permeability 

( horizontal direction) kx m/s 0.8 x 10-5 

Permeability 
(vertical direction) ky m/s 0.8 x 10-5

Cohesion c′  kPa 0.00 

Friction angle φ' ° 36.00 
Dilatancy angle χ ° 0.00 

Interface strength 
reduction factor Rinter. — 0.65 

Table 4. Properties of the reinforced concrete stabilizing 
structures for FE linear elastic Non-porous model. 

Parameter Symbol Unit Magnitude 

Total unit weight γ kN/m3 24

Poisson’s ratio ν — 0.2

Young’s modulus E0 kPa 65 x 103

Table 5. Material properties of the sheet pile walls. 

     Parameter Symbol Unit  Magnitude 

 Normal stiffness     EA kN/m 2.89 x 106

 Flexural rigidity     EI    kN-m2/m 1.37 x 105

        Weight     w     kN/m/m 1.11 

4 PARAMETRIC STUDIES 

The problem defined in Figure 1 was investigated by a series of 
parametric studies, in which different dimensional parameters 
(depth and width) of the proposed rectangular open trenches 
were varied. During a parametric study, when a certain 
parameter was investigated, the other parameters were kept 
constant. Without open tenches, the simulated wall deflection at 
the pile head due to DDC, defined in Figure 1, would be around 
70 cm. Since the aim of this study was to study the effectiveness 
of open trenches in reducing the DDC-induced deflection of 
sheet pile walls, only the numerical analysis results in terms of 
amplitude reduction ratio, Ar, and percentage reduction ratio, Rf,
will be presented and discussed. 

5 ANALYSES OF THE FE MODELING RESULT 

In order to investigate the effects of the trench dimensions on 
reducing deflections of sheet pile walls due to DDC, the trench 
depth, d, was varied between 0.5 m and 1.25 m, and the trench 
width, w, was varied between 0.5 m and 3.0 m for the proposed 
rectangular open trenches. If the trench depth, d, exceeded 1.25 
m, the trench would lose its stability during DDC, although the 
trench surfaces were paved with a layer of reinforced concrete 
in a thickness of 0.25 m. Figures 3 and 4 present the effects of d 
and w on the amplitude reduction ratio, Ar, and percentage 
reduction ratio,  Rf. Both the depth and the width appeared to be 
of equal importance in governing the reduction efficiency in this 
case. Increasing the depth or the width can increase the 
reduction efficiency of the trench. This observation was in 
agreement with the findings of Fuyuki & Matsumoto (1980) and 
Ahmad & Al-Hussaini (1991). The numerical analysis results 
indicated that for an open trench of rectangular cross-section 
with a depth of 1.25 m and a width of 3.0 m, a reduction of up 
to 40% DDC-induced deflections of sheet pile walls might be 
achieved. 

Figure 3. Effects of trench depth, d. 
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Figure 4. Effects of trench width, w. 

Other than densification effect, economical factors should 
be taken into account for a deeper or a wider shallow open 
trench. A deeper or a wider trench means that a larger amount 
of soil needs to be excavated, which would result in an increase 
in cost. Therefore, it is necessary to study the relationship 
between soil excavation volume of a trench and its reduction 
effect. Figure 5 presents the relationship between soil 
excavation volume per linear meter and reduction effects for the 
proposed rectangular trenches. It was noticed that the 
percentage reduction ratio, Rf, almost increased linearly with the 
soil excavation volume, and their relationship can be simulated 
by a linear trendline. This relationship also implied that for a 
rectangular open trench with a depth less than 1.25 m, its 
reduction effect was mainly determined by its cross-section 
area, namely by both the depth, d, and the width, w. 

Figure 5. Relationship between soil excavation volume and 
reduction ratio. 

6 CONCLUSIONS 

A series of numerical analyses using a two-dimensional finite 
element (FE) method have been performed to investigate the 
reduction of DDC-induced deflections of sheet pile walls by 
rectangular open trenches. The effects of the depth and the  

width of the trenches were investigated. Based on the findings 
from the numerical analyses, the following conclusions can be 
drawn: 

(1) A shallow open trench excavated in front of the sheet pile 
walls is an economically efficient measure to reduce the DDC-
induced wall deflections. The numerical analysis results 
indicated that for a rectangular open trench with a depth of 1.25 
m and a width of 3 m excavated close to the sheet pile walls, a 
reduction of around 40% in wall deflections might be achieved. 

(2) For a shallow rectangular open trench, increasing its depth 
or width can improve its efficiency of reducing wall deflections.  

(3) It should be pointed out that the numerical modeling results 
might overestimate or underestimate the reduction effect of 
open trenches, because the construction activities were idealized 
in the finite element (FE) analyses and might be different from 
the actual construction conditions. 
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