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ABSTRACT 

A study on the development of a new-type sheet pile bulkhead is presented by means of centrifuge model tests. As one of the most
typical waterfront constructions of the bottom-fixed port marine pier structure, the sheet pile bulkhead has been widely used in small 
piers or medium-sized piers. It is usually composed of two rows of sheet pile walls connected by tie-rods, namely, the front wall for 
retaining soil and the anchor wall. As the front wall will be subject to enormous thrust of earth pressure of retaining soil when the 
bulkhead is of substantial height, it is used to retain soil height of lower than 7-8 m. An innovative type of sheet pile pier structure, 
with retaining structure up to 32 m, is being devised in China in the construction of new berths especially where the muddy or sandy 
seashore is prevailing without rock foundation or very stiff soil foundation. The distinct feature of this new sheet pile pier structure is 
to add a row of barrier piles between the two rows of sheet pile walls. In order to establish the most reasonable connection between 
the barrier piles and the front sheet-pile wall and to optimize the design for one prospect pier structure, the innovative structure is 
firstly studied by use of the centrifuge model tests.  

RESUME

Une étude sur le développement d'un nouveau type de palplanches de cloisonnement est présentée par le biais de essai de modèles
centrifugeuses.Comme l'un des plus typiques constructions de la mer de la base fixe structure de la jetée du port maritime, la cloison 
de palplanches a été largement utilisé dans les petites piles ou moyennes piles. Il est généralement composé de deux rangées de
palplanches reliés par des entretoises, à savoir le mur de façade pour le maintien du sol et de ancre mur. Comme le mur avant seront 
soumis à d'énormes pressions de poussée de la terre lorsque la cloison est de taille importante, il est utilisé pour retenir le sol plus bas 
que la hauteur de 7.8 m. Un nouveau type de structure de quai en palplanches, en conservant la structure de 32 m, est en cours 
d'élaboration en Chine dans la construction de nouvelles couchettes en particulier là où la boue ou de sable de mer est prévalent, sans 
fondation rock ou foundation avec très raide sol. La caractéristique de cette nouvelle structure de quai en palplanches est d'ajouter une 
rangée de piles de barrière entre les deux rangées de palplanches. Afin d'établir la connexion plus raisonnable entre la barrière de piles 
et de l'avant mur palplanches et d'optimiser la conception d'une structure de quai perspective, la structure novatrice est d'abord étudié 
par l'utilisation de la centrifugeuse modèle tests.  
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1  INTRODUCTION 

With the development of world maritime industry, the 
construction of harbors has had a tendency to be large in scale 
and deep in water depth. At present, among the main 3 
structural types of wharfs, the gravity type and the standing pile 
type have developed into the tonnage of 250,000 or above, 
while the traditional sheet pile wharf structure has not been 
advanced greatly. Compared with the former 2 structural types, 
the sheet pile wharf structure has been usually regarded to be fit 
for small and medium-sized wharfs. Based on the incomplete 
statistics, since the year of 1949, there have been over 300 
berths for the completed sheet pile wharfs in China, among 
which, over 85% of them belong to the small and medium-sized 
wharfs. Before the end of the 1990s’, the completed sheet pile 
wharf with the largest berth in China is of the tonnage of 35,000 
(Liu, et al, 2002), and that at abroad is only of the tonnage of 
100,000 (Tsinker, 1997). With regard to the embarrassed 
situation, the reason mainly lies in the self-thrust of the sheet 
pile structure: to build the berths with large tonnage, the water 
depth in front of the wharf needs to be raised. Thus, the front 
sheet pile wall will be subjected to enormous thrust of earth 
pressure, resulting in the increase of the internal force of the 
wall and the tensile force of the tie-rod, and further in great 
effect on the deformation and stability of the structure. 
Therefore, in order to build sheet pile wharfs with large tonnage, 
the thrust of earth pressure acting on the front wall should be 
reduced as much as possible. A new type of pier structure, that 

is, the sheet pile pier structure, has been developed on such a 
basis. 

Fig. 1 shows the general view of pile sheet pie structure of 
a harbor with the tonnage of 100,000. The distinct feature of 
the new sheet pile pier structure is to add a row of barrier piles 
with large rigidity behind the front wall of the original sheet 
pile pier to bear part of earth pressure so as to mitigate the 
earth pressure acting on the front wall. Such a structure may 
be regarded as a kind of composite retaining structure. There 
is currently no relevant specifications or codes at its design 
stage, and researches on it should be made deeply and 
systematically. 

Figure 1. General view of cross section
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In general, the main aspects for the sheet pile pier 
structure are as follows: (1) the integral stability and 
deformation; (2) the retaining mechanism, including the 
distribution of earth pressures acting on piles and the front wall; 
(3) the distribution of moments of the front wall, barrier piles 
and the anchor wall, and the effect of the relationship of rigidity 
between the front wall and barrier piles on the distribution of 
moments of various structures; (4) the internal force of the 
tie-rods; (5) the optimum values of various structures, including 
the thickness of the front wall, the dimension of the barrier piles, 
the interval between the barrier piles, and the distance between 
the barrier piles and the front wall, etc. 

In fact, the core of the above problems may be reduced    
to the soil-structure interaction. As regards such kind of 
problems, if numerical methods are employed, on one hand,  
the computation will be complex and large quantity of 
simplification will be needed, on the other hand, the problems 
concerning the soil-structure interaction have been not 
satisfactorily solved yet. Thus, the centrifuge model tests are a 
kind of good method. 

By means of the centrifuge model tests and field prototype 
observations, the sheet pile pier structure, especially the 
retaining mechanism of the barrier piles, is studied deeply and 
systematically. 

2  ENGINEERING BACKGROUND 

The general bulk cargo berth of a harbor with the tonnage of 
100000 employs the sheet pile pier structure. It has so far been 
the largest sheet pile pier in China. The field soil strata include 
6 layers: (1) silty fine sand; (2) silt; (3) silty clay; (4) fine sand; 
(5) silty clay; (6) fine sand. The physical and mechanical 
indices of the soil strata are given in Table 1. 

Table 1. Physical properties of soil layers 

H w cq qName of  

soil layer  m  kN/m3  %  /  kPa  

Silty fine sand  9.7  18.0  − − 0.0  30.0  

Silt  2.2  19.3  24.2  0.72  16.0  28.0  

Silty clay  7.7  19.1  31.2  0.85  18.0  19.6  

Fine sand  10.5  19.7  21.9  0.63  0.0  31.0  

Silty clay  2.8  19.7  25.0  0.69  31.0  24.7  

Fine sand  3.4  19.7  17.4  0.54  0.0  32.0  

* H is the thickness of soil layer 

Table 2. Design schemes of new pier structure 

No. of 

design 

schemes 

Thickness 

of front 

wall, m 

Dimension 

of barrier 

piles, m 

Distance between 

front wall and 

barrier piles, m 

Thickness 

of anchor 

wall, m 

1 1.5 − − 1.2 

2 0.8 2.0×1.0 2.0 1.2 

3 0.8 1.5×1.2 4.5 1.2 

4 1.0 1.5×1.3 3.0 1.2 

5 1.0 1.5×1.3 3.0 1.2 

6 1.0 2.0×1.0 3.0 1.2 

In order to study the interaction between the new pier 
structure and the soil ground, 6 kinds of design schemes are put 
forward for centrifugal modeling, as given in Table 2 (Li, et al, 
2004). Scheme No. 1 is the traditional sheet pile pier structure, 
and schemes No. 2 No. 6 are the new sheet pile pier structure. 
The optimum design scheme is recommended based on the 
combinations of different thicknesses of walls, different 
dimensions of the barrier piles as well as different distances 
between the front wall and the barrier piles. The elevation of 
pier surface is +4.2 m, that of the mud surface in front of the 
pier is –17.0 m, and the largest design water depth is up to 15.5 
m. The front sheet pile wall, barrier piles, anchor wall and 
breast wall all employ C2 reinforced concrete structure with the 
elastic modulus being 28 GPa the steel grade of tie-rods is 
Q345, with the elastic modulus being 200 GPa. As for the 
schemes No. 1 No. 3, the surface load of the pier is not 
simulated, as for the schemes No. 4 No. 6 the simulated 
surface load within the range of 20 m in front of the pier is 20 
kPa and that behind the pier is 80 kPa. 

3  CENTRIFUGE MODEL TESTS 

The model tests are performed by use of 400g-t centrifuge in 
Nanjing Hydraulic Research Institute of China. Its largest radius 
is 5.5 m, the maximum centrifugal acceleration is 200 g with a 
payload of 2000 kg. The model box for tests has a dimension of 
1100×400×600 mm. After a comprehensive consideration of the 
dimensions of the prototype and model box, the model scale is 
determined, that is, 80=n .

3.1  Model simulation 

3.1.1 Simulation of front sheet pile wall, anchor wall and 

barrier piles 
During the tests, the aluminum alloy plates are employed for 
simulating the front sheet pile wall and anchor wall, and the 
aluminum alloy rods are employed for simulating the barrier 
piles. 

Because the front sheet pile wall, anchor wall and barrier 
piles are mainly served to resist bending in the pier structure, 
according to the equivalent bending rigidity theory, that is, 

4nIEIE
aacc

×= , the materials are substituted by the aluminum 
alloy, and its thickness is calculated by 
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in which, E is the elastic modulus of the materials; I is the 
sectional moment of inertia of the structure; subscripts c and a
stand for the concrete and the aluminum, respectively; n is the 
model scale; d is the thickness of the sheet pile wall or the 
barrier piles. In order to simulate the roughness of the wall 
surface, the surface of aluminum alloy plates are made to be 
rough after the test gages are installed, that is, standard sand is 
pasted on the surface by use of epoxide. The surface of model 
piles are similarly dealt with. 

3.1.2  Simulation of tie-rods 

The tie-rods are mainly subjected to tensile stress, and the 
model dimension is calculated based on the equivalent stress. 

From the conditions 
pm

εε =  and 
pm

σσ = , it yields 

2/)()( nEAEA pm =

The model tie-rods employ Q345 or Q235 steels, with the 
elastic modulus being 200 GPa. Because the tie-rods connect 
the front sheet pile wall or the barrier piles with the anchor wall 
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by means of the breast wall and launching noses, during the 
simulation of tie-rods, the 2 tie-rods of the prototype are 
combined as 1 bigger tie-rod according to the equivalent section 
principle. The tie-rods and the front sheet pile wall, the breast 
wall of the barrier piles and the launching noses of the anchor 
wall are both connected by use of bolts. 

3.1.3  Simulation of ground soil strata 

As for the sand, the relative density is regarded as the control 
standards, and as for the clay, the ground strength indices are 
taken as the control ones. 

3.2  Model measurement 

The following aspects are highlighted in the present tests: the 
moments of the front sheet pile wall, the barrier piles and the 
anchor wall, the tensile forces of tie-rods, and the displacements 
of anchorages for the front wall. In order to accurately measure 
the tensile forces of the model tie-rods, the BE120-1AA-W foil 
type resistance strain gages, whose dimension of sensitive bar is 
1.0×2.0 mm, are directly pasted the model tie-rods. The model 
tie-rods are calibrated before and after the tests.  

The moments of the walls and piles are measured by use of 
the strain gages. The BE120-4FB and BE120-5AA foil type 
resistance strain gages are pasted at the two sides of walls and 
piles, respectively.  

The horizontal displacements in front of the pier are 
measured by means of the high-precision photoelectronic laser 
sensors produced by Wenglor in German. Their resolution is 
superior to 20 µm.  

4  TEST RESULTS AND ANALYSIS 

The test results are given in Table 3. It is seen through 
comparison that the scheme No. 1 employs the traditional sheet 
pile pier structure, though its front wall has a much larger 
thickness than that of the other schemes, not only the horizontal 
displacements of the anchorages for the front wall but also the 
largest positive and minus bending moments of the front wall of 
the scheme No. 1 are fairly larger than those of the other 
schemes, indicating that if the traditional sheet pile structure is 
employed, the earth pressure behind the wall will thoroughly 
act on it, resulting in extremely large bending moments and 
adverse consequence. While the compound sheet pile structure 
with the barrier piles are employed, the front wall and barrier 
piles share the earth pressure. It reduces not only the bending 
moments of the front wall but also the horizontal displacements 
of the anchorages for the front wall. Correspondingly, the 
internal force and deformation of the structure become more 
rational. Therefore, the utilization of barrier piles as the 
retaining structure is effective. 

Fig. 2 shows the distribution of the bending moments of the 
front wall, barrier piles and anchor wall in the scheme No. 6. It 
is seen that owing to the sheltering of the barrier piles, the 
bending moments of the front wall are small, while those of the 
barrier piles are large. They both show the same change 
tendency: the positive moments at the upper part and the 
negative ones at the lower part, indicating that the barrier piles 
give their full play. As for the anchor wall, the bending 
moments are basically positive, and their distribution is 
characterized by the small values at both ends and the large 
ones in the middle. 

Based on the test results, a comparison shows that the 
scheme No. 6 is superior to the other schemes, both in the 
integral stability of the structure and in the internal force of the 
various structural bodies. The numerical results (Li, et al, 2005) 
have also proven it. Therefore, the scheme No. 6 is the optimum 
design scheme. 

5  CONCLUDING REMARKS 

In harbor engineering, as for the design of new structure such as 
the sheet pile wharf with barrier piles, the numerical methods 
become complex owing to the interaction between the soil and 
the structures. However, it is effective to solve such kind of 
problems by means of the centrifuge model tests. Through tests 
on various design schemes, the optimum scheme will be obtained, 
and it will provide technical support to the engineering design.  
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Table 3. Summary of centrifuge tests 

Scheme of pier 

structure  
1 2 3 4 5 6 

Disp. of the 

anchorage point of 

front wall , mm 

175 120 150 120 − 105 

Tensile force of tie 

rod, kN/m 
560 410 370 570 − 500 

+ 2700 − 1070 1680 1010 850 Max. moment of 

front wall, 

kN.m/m 
− 1320 − 995 900 1000 610 

+ − 6180 5460 8190 8905 4930 Max.moment of 

barrier piles, 

kN.m/m − − 4050 5650 5030 5120 3160 

Max.moment of 

anchor wall, kN.m/m
1000 1180 905 1360 1500 1490 

Figure 2. Moment s of Front wall, Barrier piles and Anchor wall 

from centrifuge tests 


