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head the lower the developed friction force. By the results displayed, it is safe to assume
that an internal pressure head higher than 0.5 will result in a lower contact length.

The primary goal of vibration analysis is to be able to predict the response, o r motion, of
a vibrating system (Inman 2001). D'Alembert's Principle state s that a  product o f the
mass of the body and its acceleration can be regarded as a force in the opposite direction
of the acceleration (Bedfor d and Fowler 1999). This results in kinetic equilibrium. I t is
important t o not e tha t initially i n thi s vibration stud y damping o f th e air , fluid , an d
material ar e neglected. Late r addition s t o th e dynami c mode l wil l includ e viscou s
damping an d a n adde d mas s component . Thes e tw o addition s ai d i n modeling th e
behavior of the water in a dynamic state. To adequately represent a  model of water in a
dynamic system, fa r to o man y variables woul d be needed t o consider thi s behavior .
Therefore, t o compensat e fo r th e complexit y o f a  thoroug h wate r model , viscou s
damping and added mass are introduced. A second feature was added to model the effec t
of the inertia o f the internal water. If the water field oscillates in the same phase as the
tube, the translating membrane will behave dynamically as if its mass had increased b y
that of the vibrating water (Pramila 1987). Moreover, the water particles are assumed to
move only in a  plane perpendicular t o the transverse direction o f the tube. However ,
there is no known precise valu e for a  given fil l material and tube property. Th e added
masscomponent a  is only a coefficient representation of this phenomenon.

Four analytical studies of the geotube's equilibrium response have been performed. Two
of thes e studie s employed th e us e o f FLA G whil e th e othe r tw o use d Mathematica
software fo r a  two-dimensional analysis. Huon g (2001) selected FLA G t o explore th e
effects o f varying the soil characteristics of soft clays. His results included the amount of
settlement, tub e height , an d membran e tension . Ki m (2003 ) als o use d FLA G t o
investigate the apron, baffle , sleeved, and stacked tub e designs wit h a  Mohr-Coulomb
soil model. Her results consisted o f finding the critical external water levels, membrane
tension, deformations (when loaded externally), and pore pressures. Plaut and Suherman
(1997) used Mathematica to develop equilibrium models that considered th e effects o f
submergence, deformabl e foundation , and impounding water . Specific t o this chapter,
Plaut and Suherman considered a tensionless Winkler foundation with the tension below
the supportin g surfac e no t t o b e constant . Thei r proces s i n computin g equilibriu m
properties matche s th e shooting procedure. Wit h th e ai d o f Mathematica, Plau t an d
Klusman investigated a  singl e tube , tw o stacke d tubes , an d a  thre e tub e pyrami d
formation wit h rigi d an d modifie d Winkle r foundation s (Klusma n 1998, Plau t an d
Klusman 1999). Klusman modified Suherman's Winkler model b y assuming a normal
foundation forc e an d allowin g th e tensio n t o b e constan t alon g th e tube' s entir e

perimeter.

Winkler Foundation Model

A freestanding geosynthetic tube filled with water and supported by a  Winkler
foundation i s being considered. Th e tube is assumed to be infinitely long an d straight
catering to a two-dimensional model. Typical assumptions discussed in chapters two and
three hold. These assumptions include: longitudinal changes in cross-sectional are a are
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negligible, geosynthetic material i s inextensible, an d bending resistance i s neglected.
Originally proposed by Winkler in 1867, this is the most fundamental foundatio n model
used i n man y initia l analyses . Th e Winkle r foundatio n mode l assume s tha t th e
downward deflection o f the soil at a point is directly proportional to the stress applied at
that poin t an d independent o f th e surroundin g soil behavio r (Selvadura i 1979). Th e
deflection occur s directly unde r the loa d applied. T o model thi s behavior, numerou s
independent vertical springs are integrated into foundation. The Winkler model has been
investigated with problems associated wit h floating structures (floating bridges an d ice
sheets), cemented la p joints, an d the state o f stress a t the tip o f a  crack i n a n elastic
continuum (Selvadurai 1979). When the tube is in contact wit h the Winkler foundation,
tension is not assumed constant. However, above the surface of the Winkler foundation
the membrane tension i s constant. Th e internal wate r i s hydrostatically modeled. I t is
observed that as the soil stiffnes s increases, the frequencies tend to increase. There is no
considerable change in frequency when the soil stiffness i s above 25, meaning the stiffe r
the soil, the less effect i t has on the frequency.

Pasternak Foundation Model

A lon g freestandin g geosynthetic tub e fille d wit h wate r an d supporte d b y a
Pasternak foundatio n i s considered. Th e general assumptions of the geosynthetic tub e
remain the same as before. Pasternak in 1954 extended the Winkler model by adding a
shear layer t o th e vertical springs . Th e primar y differenc e between th e Winkler an d
Pasternak foundatio n models is the presence o f the shear interaction layer between the
Winkler sprin g elements . Thi s shea r laye r i s compose d o f incompressible vertica l
elements whic h defor m in the transverse shea r direction only (Selvadurai 1979). The
results fro m thi s model shoul d more closely approach wha t actually occurs i n a  real
world application. I t was observed that when the soil stiffnes s parameter is increased t o
200 th e shea r modulu s has littl e effect , i f any , o n th e initia l tension . A s th e shea r
modulus is increased, tub e settlement decreases. Thi s situation is expected. Whe n the
soil on a supporting surface has the ability to rely on the surrounding soil for a broader
stress distribution, then the tube settlement shoul d decrease appropriately. Tube height
above the Pasternak foundation surface does not change significantly as a function of the
soil's shear modulus. If the soil stiffnes s coefficien t is held a t 200, then the Pasternak
foundation mode shapes are identical t o the Winkler foundation mode shapes, with the
exception of varying with the shear modulus. For given internal pressure heads h = 0.2,
0.3, 0.4, and 0.5, the lowest four natural frequencies conform to the curves displayed in
the following frequency to shear modulus graphs. A decrease in frequency occurs when
the shear modulu s g p is increased. Physically , th e numbe r o f times th e mode shape s
passes throug h th e equilibriu m configuratio n fo r a  give n rang e o f tim e decrease s

slightly.

Once th e equilibrium program wa s executed (wit h respect t o the designated interna l

pressure hea d o r interna l ai r pressure) an d th e result s o f contac t lengt h an d initia l
membrane tension were calculated, vibrations about the equilibrium configuration may
be introduced. Set values for the dynamic computations for both the internal water and
air cases include: th e internal pressure head (h ) o r ai r pressure (p) , contact length o f
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tube/surface interface, and membrane tension at the origin. These equilibrium properties
were used to solve for unknown parameters (for example, the dynamic tension parameter

Figure 3. Frequency v/s damping coefficient for h=0.5 and no added

mass

Figure 4. Frequency v/s damping coefficient with p=5

Conclusions
The largest valu e o f tension occur s primarily a t the highest internal pressur e

head. Thi s translates int o needing a  mor e durabl e material tha t ha s enoug h tension
capacity to withstand the expanding of the membrane that an increase in pressure head
would cause. Though the water and air results are not directly comparable, this trend of
increasing membrane tension as the internal pressure rises is maintained within each of

qd), the natural frequencies, and the mode shapes.
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the si x cases considered: interna l ai r an d wate r tube s restin g o n rigid, Winkler , an d
Pasternak foundations . Th e fou r frequencie s an d correspondin g mod e shape s ar e
classified b y the number o f intersection points o r nodes tha t ar e present between the
equilibrium configuratio n an d dynami c shape . Thus , th e Firs t symmetrica l mod e
possesses two nodes, nex t the First nonsymmetrical mode has three nodes, the Second
symmetrical mod e has fou r nodes, and lastly, th e Second symmetrical mod e has five
nodes. The frequencies will decrease or increase by adjusting the internal pressure head
or internal air pressure, damping coefficient, adde d mass multiplier (where applicable),
soil stiffness coefficient , and the shear modulus. Focusing on the deformable foundation
models, the frequenc y tend s to increase a s the soil stiffnes s increases, bu t decreases a s
the shear modulus increases. I t stands to reason that a tube on a vertically stiffened soi l
(without the presence of transverse soil interaction) will tend to vibrate faster than on the
same soil with the presence of transverse soil interaction (i.e., shear modulus).

Though the dimensional comparison of rigid foundation equilibrium and dynamic results
of water and air did not correlate well regarding tension, tube settlement, and tube height
above the supporting surface , the differenc e ca n b e reasoned. Since th e geosynthetic
material is assumed to be inextensible, the demand for internal air pressure is only that
of raising the weight of the tube material. I n contrast, the water-filled case needs water
to expand in al l directions i n order t o fil l the tube' s cross-section i n its entirety with
water, and has relatively large downward components of pressure near the bottom of the
tube. The problem also lies with the combination of neglecting the weight of the material
in the water-filled case and assuming that the material i s inextensible. Therefore, the air
and water-fille d result s ar e incompatible an d ar e tw o independent models . Wit h th e
addition of damping, the dynamic results for both the rigid foundation with air and with
water shared the general trend of a curved downward transition to where the oscillation
died out. Overall the general shapes for the four modes computed share both the number
of nodes (intersection point s wit h the equilibrium configuration ) and dynamic shape,
considering the tube settlement involved with the deformable foundations.

The analysi s o f anchored tube s provided the sam e deformation patterns observed i n
freestanding tube , bu t stabilit y o f syste m increased. Th e furthe r enhancemen t wa s
provided b y usin g strapping system, which prevented rolling, sliding an d toppling of
geotubes under very high hydrodynamic loads.

One aspect for furthe r stud y would be to se e a n applied external load such as marine
water or debris, an d how the dynamic response i s affected . Regardin g a  simulation, i t
would b e goo d t o se e a  tota l mode l incorporating variou s foundatio n theorie s an d
combined mode shapes. A dimensional solution should be computed for comparison to

physical experiments tha t would investigate equilibrium properties (membrane tension
and geometry), dynamic response (geometry), and various soil parameters (soil stiffnes s
and shea r modulus) . A  three-dimensional analysis , possibl y usin g th e finit e element

method, could produce useful results.
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Abstract

Wave force s actin g o n slende r cylinder s ar e normall y estimate d usin g Moriso n

equation (1950) . Whe n a  structura l membe r i s nea r th e fre e wate r surface , i t

experiences th e slammin g force . Wav e slammin g o n horizonta l members o f an y

ocean structure is crucial to its design. API Recommended Practice 2A-WSD (2000)

recommends slamming coefficient Cs equal to n for circular cross sectional members
near the still water level. The horizontal cylinders in the inter tidal zone for Port craf t

jetties ar e subjecte d no t onl y t o slammin g forc e i n th e vertica l directio n an d

horizontal directio n bu t als o berthin g forc e i n th e horizonta l direction. I f tw o

cylinders are kept in close spacing, then the load on each member will be differen t

compared t o forc e o n a  singl e membe r kep t alone . I n thi s paper , th e result s o f

investigations o f the effec t o f tidal variation on slamming forces are reported. Th e

comparison o f single circular member an d twin circular members wit h c/c spacing

varying from two to four times the diameter of cylindrical member in random waves

is also included in this paper. The slamming coefficient is found to be not a constant

value and it varies with respect t o the spacing between the cylinder an d fre e wate r

surface, the incident wave height and wave period.

Introduction

Experiments ar e conducted fo r single circula r an d double circular cros s sectiona l

shapes of the cylinders. The horizontal and vertical forces on different cylinders are

measured by keeping the distance between the flum e bed and centre o f the member

constant and by varying the water depth (d) for various hydrodynamic conditions.

The main purpose of this investigation is to study the effec t o f wave height, wav e

frequency, th e distance between the fre e wate r surface and the centre of the member

etc. o n th e vertica l slammin g coefficien t (Csv ) an d th e horizonta l slammin g

366
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coefficient (Csh) . The results of this investigation can be used for the hydrodynamic
design o f horizontal members i n th e intertidal zon e fo r an y ocean structure . This
paper includes the wave slamming forces on single circular cylinder and twin circular
cylinder models due to random waves.

For experimental investigations o n the cylinders rando m waves are generated i n a
wave flume o f 30m length, 2 m wide and 1.7m dept h in the Department o f Ocean
Engineering Indian Institute of Technology, Madras, India.

Literature review

There ar e studie s carrie d ou t o n wav e slamming force s aroun d a  single circula r
cylinders kep t close r t o th e fre e wate r surfac e an d i n th e wav e field . Bu t th e
investigations di d not cover a  large range of input conditions and hence warrants the
present work.
The impact force is defined as the rate of change of momentum associated with mass
of water moving past the structure. When the fluid makes a contact with the structure,
the wate r particl e i n th e vicinit y o f th e structur e undergoe s larg e accelerations .
Experimental an d theoretical work s fro m previou s literatures [ 1 to 9 ] ha s a  wide
scatter of Cs from 1. 0 to 7.79 and experiments have done by dropping the cylinder to
calm water
Dalton et al  (1976) has investigated the slamming forces on the horizontal member
fixed i n the splas h zone. Th e slamming coefficients obtained experimentally were
reported t o var y from  1. 0 to 4.5. Th e variation o f C s wit h KC for differen t wav e
periods and at different submergence levels was reported.
Faltinsen et al (1977) has investigated forces on the members of the ocean structure
in th e fre e wate r surfac e zone . Th e theoretical calculation s ar e compared wit h
experimental result s obtaine d b y forcin g rigi d horizonta l circula r cylinders wit h
constant velocit y throug h a n initiall y cal m fre e surface . Numerically estimate d
slamming coefficient was 3.1. Experiments gave an average Cs of 5.3.
Garrison (1996 ) investigate d th e impac t load s o n circula r member s bot h
experimentally an d theoretically. A  ne w design metho d fo r computing stresses i n
cylindrical member s du e t o impac t i s developed base d o n th e energ y principl e
showing well agreement with the experiments. He obtained stress equations from the
energy principle fo r th e design purposes for th e firs t pea k i n th e stress curve and
steady state stress. From the test data, it is seen that stress in the transition region is
equal to or less than the steady state stress.
Graham Dixon et a l (1979) showed that for partially submerged cylinders, varying
buoyancy could play a s large a  part as inertial force. Morison's equation has been
adopted to predict the effects fo r regular waves by introducing a varying volume and
a buoyancy term. It is also shown that a constant value for CM equal to 2 can be used
as a  design constant. Fo r small value s of wav e amplitude an d wave steepness th e
agreement wit h experiment i s made fairly wel l by fitting the inertial coefficien t to

each of the experimental curves.
Kaplan e t al (1976) presented a mathematical model for determining time histories of
vertical impact forces on platform horizontal structural members in the splash zone.
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Plots showing the variation between the rates of change of added mass with depth of

immersion are shown.

Martin e t al (1983) studied experimentally and theoretically the scattering of regular

surface waves on a fixed, half immersed circular cylinder, which is partially reflected

and partiall y transmitte d an d als o induce s hydrodynami c force s o n th e cylinder .

These horizontal an d vertical coefficients are compared wit h the linear theory and
found tha t forme r wa s accurately predictable eve n fo r larg e wave s and latte r wa s
predictable only for small amplitude waves.

Miyata e t a l (1990) mad e an experimental an d numerical stud y of forces an d flo w

about a  circular cylinder steadily advancing beneath th e fre e surface . Her e flo w

visualization als o use d t o kno w th e differenc e o f vorte x sheddin g du e t o th e

difference o f the depth of submergence. This results in a  smaller pressure reduction

on the backward face of the cylinder and a lower value of CD-

Sarpkaya (1978 ) estimated wav e forces acting on horizontal cylinders subjected to

impact bot h theoretically an d experimentally. Th e results hav e been expressed i n

terms of two force coefficients on e slamming coefficient a t the time of impact and
another drag coefficient when cylinder is immersed approximately 1.8 times diameter

inside water . I t i s foun d tha t a t initial instant s o f impact, C s i s ver y close t o th e

theoretical value of 71. Also it is found that Cs may be amplified to a value as high as
6.3 through the dynamic response of the cylinder.

A detailed investigation o f slamming forces on single horizontal cylinder fo r wide

range o f tida l variatio n i s no t availabl e i n th e literature . Als o studie s o n twi n

cylinders in the flash zone are not given much attention s o far, which has motivated

the authors to carryout this work.

Experimentation procedure,  model description and  instrumentation

Figure 1  i s th e definitio n sketc h o f th e presen t problem . Th e experimenta l

investigations were carried out using a 0.063m diameter circular cylinder model with

two load cells fixed a t the two ends in a varying water depth as 0.4m, 0.45m, 0.50m,

0.55m, and 0.6m. The end portions were air tightened with rubber sheets and perspex

in order to prevent the entry of water inside the cylinder.
The experimental investigatio n wa s carrie d ou t firs t fo r singl e circula r cylinder ,

which is taken as a reference for the force variation in the twin circular cylinder

Fig. 1 Definition sketch

The different ranges of the normalized hydrodynamic parameters obtained are shown

in Table 1.
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Table 1 Ranges of the hydrodynamic parameters

Parameters

Incident wave steepness, Hs/Lp

Relative water depth, d/Lp
Normalized wave height, Hs/D
Relative level of submergence, z/D
Scattering parameter, D/Lp
Keulegan- Carpenter number (KC)

Effective spacin g betwee n th e
cylinders for twin circular case
(S/D = 0 for single cylinder case)

circular
cylinder

(Dia=0.063m)
0.011-0.058
0.066 - 0.299
1.128-2.425
-1.59- +1.59
0.009-0.034

3.76-18.08

2,4 &6

The circular cylinder model is fabricated using aluminium with outer diameter (D) of
0.063m and thickness of 3mm. Length of the cylinders is kept as 1.89m. The distance
between the cylinder centre an d the flum e be d is kept constant height (h ) as 0.5m.
The model was located at a distance of ll m from th e wave generator an d 19m from
the rubble beach, which is located at the tail end of the flume .

To measure the wave forces on the cylinders, two-component strain gauge type load
cells o f tw o number s o f capacit y 300 N eac h wer e fixe d a t th e tw o end s o f th e
cylinders. Thi s loa d cel l i s capabl e o f measuring forces i n th e horizontal (X ) and
vertical (Z ) directions. Maximu m force o f th e orde r o f abou t 90N wa s measured.
These load cells were fixed to the ends the cylinders by providing proper seals made
of ver y thi n rubbe r sheet s t o preven t th e entr y o f wate r int o th e cylinder . Fina l
alignment o f the load cel l wa s based o n the elimination o f vertical forc e channel
output whe n the loa d cel l wa s loaded i n th e horizontal direction, an d vice-versa .
Calibration was done by applying weights to the model fixed with load cell which is
mounted i n th e framewor k i n th e expecte d principa l wav e forc e componen t

directions.

A wave probe is fixed 9m away from the wave maker at the upstream side to measure

the incident wave history (rji) . Three more wave probes are used in the study. One to

measure the inline wate r surface fluctuation o n the firs t cylinder (r|2 ) a t its leading

edge and one to measure the water fluctuation in between the two cylinders (r|3) and

third one to measure the inline water surface fluctuatio n on the rear cylinder (r|4 > at
its trailing edge . Standard Conductance typ e (two parallel stainless stee l electrodes
with 2-cm distance between them) wav e gauges were used for the measurements of
incident an d inline wav e fields. Th e natura l frequenc y o f th e model cylinder wit h
setup is foun d experimentally t o be 44Hz. Random waves were generated fo r 60sec
and the data were collected fo r 60sec at a sampling rate of 40 Hz.
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Results and discussion

General
The present experimenta l investigations o n wav e loads o n th e horizontal circula r
members wer e carried out mostly in the drag-dominated region. Th e slamming force
in the horizontal and vertical directions can be estimated as

where
Fsh : The slamming force in the horizontal direction
Fsv : The slamming force in the vertical direction
Csh : The slamming coefficient in the horizontal direction
Csv : The slamming coefficient in the vertical direction

p :  Th e water density
AP :  Th e projected area of the member normal to the plane of impact, which is

equal to D per unit length of the circular cylinder
u :  Th e horizontal water particle velocity at SWL in the wave field
The measured slamming coefficient i s determined usin g threshold crossing analysis
of the force time series. From the horizontal force time series shoreward and seaward
forces wer e obtained . Similarl y fro m th e vertica l forc e tim e serie s upwar d an d
downward forces were obtained. The notations for the coefficients fo r the upstream
(u/s) and downstream (d/s) cylinders are shown below
Cshi :  horizonta l slamming coefficient in the u/s cylinder
Csvi :  vertica l slamming coefficient in the u/s cylinder
Csri2 :  horizonta l slamming coefficient in the d/s cylinder
Csv2 :  vertica l slamming coefficient in the d/s cylinder

When the body becomes mor e immersed, buoyan t force will be more predominant.
Here in the present experiment i n the still water condition itself i t is reduced s o that
the obtained vertical force will be buoyant force excluded.

For experimental investigations Pierson-Moskowitz spectru m had been use d for the
generation of irregular sea state in the flume. Using the ws4 package wave time series
has been generated in the flume by using inverse FFT technique. Afte r acquiring the
data, the wave and force spectrum is drawn for the single cylinder case alone that is
shown in figure 2.

https://www.civilenghub.com/ASCE/189939374/Civil-Engineering-in-the-Oceans-VI?src=spdf

	Cover
	Contents
	Keynotes
	New Nonparametric Methods in Risk Analysis Based on Resampling Techniques and Empirical Simulation


