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Unit V 

Sheet piles/Bulkheads and Machine foundation 

 

Sheet piles 

Sheet pile walls are retaining walls constructed to retain earth, water or any other filling 

materials. These walls are thinner in section compared to masonry walls. Sheet pile walls are 

generally used for following: 

1. Water front structures, i.e. in building wharfs, quays and piers. 

2. Building diversion dams, such as cofferdams 

3. River bank protection 

4. Retaining the sides of cuts made in earth 

Sheet pile walls can be of timber, reinforced concrete or steel. 

 
Figure 01: Sheet Piles 

Timber sheet piles are generally used for short spans and to resist light lateral loads. They are 

mostly used for temporary structures such as braced sheeting in cuts. When timber sheet 

piles are used in permanent structures above water level, they require preservative 

treatment and even, but still their life span is relatively short. Timber sheet piles are joined to 

each other by tongue and grove joints. Timber sheet piles are not suitable for soils consisting 

of stones, as the stone would dislodge the joints. 

 
Figure 02:  Timber sheet piles 
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Reinforced concrete sheet piles are precast concrete members, usually with a tongue and 

groove joints. Typical section of the RCC sheet pile is shown in figure below. These piles are 

relatively heavy and bulky. They displace large volumes of solid during driving. This large 

volume displacement of soil tends to increase the driving resistance. Due to this reason, 

suitable reinforcement is provided considering large driving stresses. 

 

 
Figure 03: RCC Sheet pile 

Sheet Piles – Types of Sheet Piles 

Sheet piles may he made up of wood, concrete or steel. Steel piles are driven side by side into 

the ground to form a continuous vertical wall for retaining soil. The alignment and resistance 

or thrusts are normally provided by horizontal wallers, braces or tiebacks. Factors affecting 

the choice of a particular type of pile include nature of ground, cost, and ease of installation, 

availability of material, ability to withstand driving, lateral strength and ease of making 

connections. Depending upon the material used in their manufacture, some of the types of 

sheet piles are, 

1. Wooden sheet piles  

2. Precast concrete Sheet piles  

3. Prestressed concrete sheet piles  

4. Steel sheet piles 

1. Wooden sheet piles: 

Wooden sheet piles are made in various sizes and forms. The nature of site conditions 

determine, the choice of a particular type, in places where excavation is small and the ground 

water problem is not serious, 5 cm x 30 cm to 10 cm x 30 cm wooden planks arranged in a 

simple row will serve the purpose. If the water-tightness is required to a great extent, lapped 

sheet piling is used. In this case, each pile is made up of two planks, either spiked or bolted to 

one another. Thus if only earthen banks of small height are to be supported, a single or 

double row of planks properly erected will perform the function of sheet piling. If complete 

water tightness is desired or pressure of the retained material Wakefieldor tongue and 

grooved sheeting is generally used. To facilitate the driving of the piles, they are usually 

beveled at foot. This not only assists in driving but also prevents bruising, if the piles 

encounter hard stratum. 

Wakefield piles:  

This type of pile is made with three planks, 5 cm, 8 cm or 10 cm in thickness. The planks are 

nailed together with the middle plank offset forming a tongue on one edge and a groove on 

the other. The planks are connected by using a pair of staggered bolts at 80 cm centre to 

centre at intermediate points. The triple lap piles prove stronger in driving. There is no 

wastage in forming the tongue and groove joints and the piles have fewer tendencies to 

warp. Timber sheet piles have light weight and as such the equipment required for pile 

driving is also light. This is considered to be an important advantage timber piles have over 

piles of other materials. 
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Figure 04: Sectional Plan of a Wakefield Pile 

2. Precast concrete sheet piles:  

Precast concrete piles are made in square or rectangular cross-section and are driven similar 

to wooden piles to form a continuous wall. The interlock between two piles is normally 

provided with the help of tongue and groove joint. The tongue and groove extends to the full 

length of the piles in most of the cases. 

An alternative method of providing joint between two piles is shown below. In this method, 

after the piles are driven to the required. depth, the joint is grouted with cement mortar 1: 2 

(1 cement : 2 sand). 

 
Figure 05: Sectional Plan of Different Types of Precast Concrete Piles 

The piles are reinforced to avoid formation of cracks due to rough handling or shrinkage 

stresses. In order to reduce the possibility of damage due to driving impact, the stirrups 

should be spaced closely near the top and bottom of the piles. The piles are normally beveled 

at their feet to facilitate tightly close driving of a pile against the already driven one.  

Reinforced concrete sheet piles are bulky and heavy and as such they are gradually being 

superseded by prestressed concrete piles. 

3. Prestressed concrete sheet piles: 

 

On account of the numerous advantages the prestressed concrete members have over the 

conventional type of reinforced concrete members, prestressed concrete sheet piles are 

commonly used for sheet piling jobs. Similar to concrete sheet piles, they are reinforced on 

both the faces so that they could be handled from either side. They are comparatively lighter 

in weight, more durable and economical in the long run. They are advantageously used in sea 

water, since the danger of cracking of concrete is negligible and also the corresponding 

danger of corrosion of pile reinforcement is reduced. 

4. Steel sheet piles:  

Steel sheet pile is a rolled steel section consisting of a plate called the web with integral 

interlocks on each edge. The interlocks consist of a groove, one of whose legs has been 

suitably flattened. This flattening forms the tongue which fits into the groove of the second 

Downloaded from  be.rgpvnotes.in

Page no: 3 Follow us on facebook to get real-time updates from RGPV

http://www.theconstructioncivil.org/wp-content/uploads/2012/08/9-sectional-plan-of-a-wakefield-pile.jpg
http://www.theconstructioncivil.org/wp-content/uploads/2012/08/9-sectional-plan-of-different-types-of-precast-concrete-piles.jpg
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

sheet. Commonly used sheet piles can be broadly divided into the following three categories, 

 Straight-web type  

 Shallow or deep arched-web type  

 Z web type 

Special shapes and sizes of steel sheet piles are manufactured for meeting the requirement of 

junctions and other similar situations. Each of the above mentioned type of piles is 

manufactured in varying widths and lengths. The selection of the type of pile and the section 

to be adopted depend upon the depths up to which the pile is to be driven, the nature of soil 

to be penetrated the elevation of the earthen embankment, ground water level etc. 

In general, Straight web type of piles are used where the piles are liable to the subjected to 

tensile forces and interlocking strength is of prime importance (Cellular cofferdam etc); 

Arched-web type are used where the piles are required to resist bending stresses (in 

cantilever retaining walls etc,) and Z-web type of piles arc used where the piles are required 

to resist bending stresses of very large magnitude. 

 
Figure 06: Steel sheet pile 

Steel Sheet Piles 

Steel sheet piles are driven with the help of pile drivers which may be of drop hammer type 

or single or double acting hammer driven by steam or compressed air. The outstanding 

feature of steel sheet piles is that they can be used for greater depths. The continuous 

interlocking arrangement of the piles gives strength and rigidity to the supported structure. A 

wall made from properly driven sheet piles leaks very little, hence steel sheet piling is used 

with advantage in the construction of deep cofferdams. They are commonly used in coastal 

defence works which are likely to be subjected to tidal action. 

 

Cofferdam - Cellular Cofferdams 

A cofferdam is a structure that retains water and soil that allows the enclosed area to be 

pumped out and excavated dry. Cofferdams are commonly used for construction of bridge 

piers and other support structures built within water. Cofferdams walls are usually formed 
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from sheet piles that are supported by walers and internal braces, and cross braces. 

Cofferdams are typically dismantled after permanent works are completed.Since cofferdams 

are usually constructed within water, the sheet piles are installed using preconstructed 

templates that permit the correct positioning of each sheet pile from a barge. 

 

 
Figure 07: Image Above: Steel sheet pile cofferdams for Tapan Zee Bridge in New York. 

 

Cofferdam shapes 

A cofferdam can in essence be constructed in almost any desirable shape. However, for 

practical and reasons of economy most cofferdams are either rectangular or circular. In 

general circular cofferdams offer the advantage that they provide a more open excavation 

over the entire plan area when bracing is provided solely by ring beams. However, 

installation of sheet piles in circular cofferdams requires stricter construction controls. 

Rectangular cofferdams are simpler to construct but typically require more complex internal 

bracing. 

Cofferdam types 

1. Braced cofferdams: They are formed from a single wall of sheet piles that is driven into the 

grou d to for  a o  arou d the e a atio . The sheet piles are the  braced on the inside 

and the interior is dewatered. It is primarily used for bridge piers in shallow water (30 - 35 ft, 

9 to 12m depth). 

2. Cellular cofferdams: Cellular cofferdams are used only in those circumstances where the 

excavation size precludes the use of cross-excavation bracing. In this case, the cofferdam 

must be stable by virtue of its own resistance to lateral forces. 

3. Double-walled sheet pile cofferdams: They are cofferdams comprising two parallel rows of 

sheet piles driven into the ground and connected together by a system of tie rods at one or 

more levels. The space between the walls is generally filled with granular material such as 

sand, gravel or broken rock. 
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Figure 08: Cofferdam wall for the high speed train bridge at the River Po Bridge in Italy. 

 
COFFERDAM CONSTRUCTION SEQUENCE: For a typical cofferdam, such as for a bridge pier, 

the construction procedure generally is: 

 

1) Pre-dredge to remove soil or soft sediments and level the area of the cofferdam.  

2) Drive temporary support piles for template.  

3) Temporarily erect bracing frame on the support piles for the template. 

4) Install steel sheet piles, starting at all four corners and meeting at the center of each side.  

5) Drive sheet piles to grade.  

6) Block between bracing frame and sheets, and provide ties for sheet piles at the top as 

necessary. 

7) Excavate inside the grade or slightly below grade, while leaving the cofferdam full of water. 

Then lower the water inside and progressively install internal bracing as required by the 

design. 

8) Drive piles within the cofferdam (if required). 

9) Place rock fills as a leveling and support course. 

10) Place tremie concrete seal. 
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Figure 09: The Cofferdam walls. 

 

TYPES OF VIBRATION 

Vibrations, Theory of Machines 

FREE AND FORCED VIBRATION 

If a system, after an internal disturbance, is left to vibrate on its own, the ensuing vibration is 

known as free vibration. No external force acts on the system. The oscillation of the simple 

pendulum is an example of free vibration. If a system is subjected to an external force (often, 

a repeating type of force), the resulting vibration is known as forced vibration. The oscillation 

that arises in machineries such as diesel engines is an example of forced vibration. If the 

frequency of the external force coincides with one of the natural frequencies of the system, a 

condition known as resonance occurs, and the system undergoes dangerously large 

oscillations.  Failures of such structures as buildings, bridges, turbines and airplane have been 

associated with the occurrence of resonance. 

 

UNDAMPED AND DAMPED VIBRATION 

If no energy is lost or dissipated in friction or other resistance during oscillation, the vibration 

is known as undamped vibration. If any energy lost in this way, however, it is called damped 

vibration. In many physical systems, the amount of damping is so small that it can be 

disregarded for most engineering purposes. However, consideration of damping system near 

resonance. 

 

LINEAR AND NONLINEAR VIBRATION 

If all the basic components of vibratory system the spring, the mass and the damper behave 

linearly, the resulting vibration is known as linear vibration. If however, any of the basic 

components behave non linearly, the vibration is called non-linear vibration. 
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Natural frequency is the frequency at which a system tends to oscillate in the absence of any 

driving or damping force. Free vibrations of an elastic body are called natural vibrations and 

occur at a frequency called the natural frequency. 

Equation of Motion: Natural Frequency 

Figure 2 shows a simple undamped spring-mass system, which is assumed to move only along 

the vertical direction. It has one degree of freedom (DOF), because its motion is described by 

a single coordinate x. 

When placed into motion, oscillation will take place at the natural frequency fn which is a 

property of the system. We now examine some of the basic concepts associated with the free 

vibration of systems with one degree of freedom. 

 
Figure 2 Spring-Mass System and Free-Body Diagram 

Newton's second law is the first basis for examining the motion of the system. As shown in 

Fig. 2 the deformation of the spring in the static equilibrium position is D, and the spring force 

kDis equal to the gravitational force w acting on mass m 

(5) 

By measuring the displacement x from the static equilibrium position, the forces acting on m 

are and w. With x chosen to be positive in the downward direction, all quantities - 

force, velocity, and acceleration are also positive in the downward direction. 

We now apply Newton's second law of motion to the mass m: 

 
And because kD = w, we obtain : 

(6) 

It is evident that the choice of the static equilibrium position as reference for x has eliminated 

w, the force due to gravity, and the static spring force kDfrom the equation of motion, and 

the resultant force on m is simply the spring force due to the displacement x. 

By defining the circular frequency w n by the equation 

(7) 

  

Eq. 6 can be written as 
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(8) 

And we conclude that the motion is harmonic. Equation (8), a homogeneous second order 

linear differential equation, has the following general solution: 

(9) 

Where A andB are the two necessary constants. These constants are evaluated from initial 

conditions , and Eq. (9) can be shown to reduce to 

(10) 

The natural period of the oscillation is established from , or 

(11) 

And the natural frequency is 

(12) 

These quantities can be expressed in terms of the static deflection D by observing Eq. (5),

. Thus, Eq. (12) can be expressed in terms of the static deflection D as 

(13) 

Note that , depend only on the mass and stiffness of the system, which are 

properties of the system. 

 

Effect of Vibrations in soil: 

1. The experiments showed that the actual characteristics of resistance to shearing of a 

vibrating (in the direction of the action of the shearing force) surface on soil differs greatly 

from that determined only during the effect of a single loading. 

2. In dry sand this resistance most nearly corresponds to the hypothesis of dry friction, during 

which the coefficients of external friction due to the effect of vibrations appear much less 

(five times in this experiment) than the static, which, evidently, explains the formation of the 

effect of roll over of the grain and sand in the boundary layer. 

3. In moist sands and water saturated sands and also in soft sandy loams, the form of friction 

approximates viscous friction during vibrations. At standard pressures from 0.5 to 1 kg/cm2, 

i.e., near to that observed during pile driving, the coefficient of viscous friction appears equal 

for low-moisture course sands; 0.3 to 0.5 kg · sec/cm; for water saturated sands; 0.2 to 0.5 kg 

· sec/cm; for soft sandy loams; 1.4 to 1.6 kg · sec/cm. 

The test results indicate that the frequency has little influence on pore pressure and strain 
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he  the  did ’t rea h the threshold values, but once they exceeded the threshold values 

the frequency will has strong influence. There is critical cyclic stress ratio when the cyclic 

stress ratio has not reached that value, the frequency has no influence on dynamic strength. 

For the given cycles, the higher the frequency is, the bigger the dynamic strength is. And with 

the increment of frequency, the influence on dynamic is decreased eventually. 

Vibration isolation is the process of isolating an object, such as a piece of equipment, from 

the source of vibrations. 

Vibration is undesirable in many domains, primarily engineered systems and habitable 

spaces, and methods have been developed to prevent the transfer of vibration to such 

systems. Vibrations propagate via mechanical waves and certain mechanical linkages conduct 

vibrations more efficiently than others. Passive vibration isolation makes use of materials and 

mechanical linkages that absorb and damp these mechanical waves. Active vibration isolation 

involves sensors and actuators that produce destructive interference that cancels-out 

incoming vibration. 

Passive isolation 

"Passive vibration isolation" refers to vibration isolation or mitigation of vibrations by passive 

techniques such as rubber pads or mechanical springs, as opposed to "active vibration 

isolation" or "electronic force cancellation" employing electric power, sensors, actuators, and 

control systems. 

Passive vibration isolation is a vast subject, since there are many types of passive vibration 

isolators used for many different applications. A few of these applications are for industrial 

equipment such as pumps, motors, HVAC systems, or washing machines; isolation of civil 

engineering structures from earthquakes (base isolation), sensitive laboratory equipment, 

valuable statuary, and high-end audio. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 
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