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ABSTRACT Experimental programmes to obtain further information on the

The lifting analysis of a subsea structure determines the maximum amplitude dependent characters of the hydrodynamic coefficients, the
allowable design sea state in which the structure can be installed stiffness and the damping of the Crane, the wires etc are furthermore
safely. Normally, such analysis on the structure at the splash zone recommended.
governs the expected largest forces in the hoisting system and in turn
the allowable sea state since the water particle kinematics is larger in INTRODUCTION
the splash zone. A subsea structure encounters a critical phase when it passes

In this paper, the DNV Recommended Practice for Modelling and through the splash zone.

Analysis of Marine Operation (DNV-RP-H103, April 2009) is The DNV recommended practice “Modelling and Analysis of
discussed with emphasis on the hydrodynamic coefficients and Marine Operations” (DNV-RP-H103) which is published recently has
analysis methodology for the splash zone lifting analysis. proposed a systematic approach to estimate the dynamic load during

An approach is suggested here to take into account the free installation and to check if the operation can be carried out safely by
surface proximity effect on added mass of flat surfaces in the absenceusing proper acceptance criteria.
of test results. As a general approach, first a simplified and conservative method

Discussions on the following points are also included, is adopted by assuming that the structure is small as compared to the

» For structures which show restricted sea state due to large wave length so that the hydrodynamic load can be conservatively

double pendulum motion and consequently high dynamic estimated at few characteristic points on the structure and be added
tension in the crane wire, a solution could be obtained by together to compare with the allowable load limits. This method can
lowering the sling angles. be used to estimate the loads due to slamming as well as the loads on

« For inertia dominated structures, the drag coefficients should partially or fully submerged condition.

be chosen with caution unless experimental results are But this approach frequently appears to be over conservative for
available since the drag may induce unrealistic damping in the Structures with large dimensions/volume and in such cases numerical
system. analysis of the dynamic system is performed using Morison’s model

«  For the structural design of large subsea structures, the design by keeping the structure at a fixed “static” depth of submergence.

DAF for submerged condition should be chosen from a The success of numerical analysis mainly depends on the correct
preliminary lifting analysis result. The current industrial  input to the model of the hoisting system (the stiffness of the crane,
practice of using DAF = 2 with respect to the static submerged the wire and the damping coefficients), selection of the hydrodynamic
weight could be increased following the analysis result to coefficients for the structure, method of interpretation /extrapolation
optimise the use of the crane capacity by achieving a higher of the dynamic analysis results and selection of the acceptance
design sea state. criteria. These are discussed in this paper with respect to the current

«  For lifting analysis of structures with large added mass / Practice and following DNV-RP-H103.

submerged weight, modelling of winch speed may represent a
worse loading case as compared to the case with zero winch
speed in the splash zone.

« For the splash zone analysis, correct modelling of the stiffness
of the crane structure along with the wire is important. The
assumption that the crane structure is rigid may lead to
unrealistic analysis results.
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Fig. 1. A Template Foundation (left) and Manifold $ructure

Fig. 2. Different stages of a lifting analysis (loering through
water column)

SELECTION OF HYDRODYNAMIC COEFFICIENTS
FOR LIFTING ANALYSIS

Subsea structures fitted with different equipme(fits example
Fig.1) almost never possess regular solid geora¢tsbapes and
sizes. It is, therefore, the most critical partaofifting analysis to
select the correct hydrodynamic coefficients. Fegutar shaped
objects, recommended coefficients are commonly lavai in
standard textbooks of hydrodynamics, but publishedel test results
on actual subsea structures are rare.

Based on the depth of submergence (ref Fig. 2)y Dises two
different types of hydrodynamic coefficients foitiig analysis; one
for the structure passing through the water surfaee the slamming
coefficient, related to “Stage 1" of Fig.2), ancethther for a fully
submerged condition (“Stage 2" of Fig.2). In thappr, the slamming
coefficients are not discussed.

DNV? recommends that the most accurate method for attign
hydrodynamic coefficients of a 3-dimensional substeacture with a
complex geometry is to carry out model tests. Aalysis with CFD
programs on a simplified geometry of the structmiay also provide
good insight on its hydrodynamic behaviour whicbwdd be verified
with approximate hand calculations or available elagst data on

similar structures. But these approaches are raglwfollowed in the
industry.
Estimation of Hydrodynamic Coefficients for
Structures with Complex Geometry

Normally, the recommended hydrodynamic coeffigefdr the
regular geometrical objects, i.e. added mass aag coefficients (ref
Table 6 at the end of this paper) are used to atginthe
hydrodynamic coefficients for a structure with cdexpgeometry in
such a way that the resulting forces are conseralihe commonly
adopted procedure is described below in brief,

e A structure with complex geometry (ref Fig. 1) isrmally
divided into more than one regular shaped compenand the
total added mass or drag is taken as the summaifon
contributions from individual components. For exdenp
cylindrical shaped members (suctions anchors, tisdlgubular
members etc) are considered to be separated fropeatth of the
structure which is covered by flat surfaces andudations are
done separately

* The part of the structure covered with flat surfagés normally
idealized by assuming a 3D box shaped object. Hiydramic
coefficients for a box in a certain direction idocdated first by
considering the 2D surface area perpendicular ab direction
as a flat plate and then by modifying it due toéffect of body-
extension in the same direction. The DNV recommdnde
practicé provides a simplified calculation method for this.

« Ifthe 2D area is irregular in shape, it is spiitoi more than one
regular area. If the split areas are sufficientyay from each
other, then the total added mass or drag is takertha
summation of the contributions from individual a&e®n the
other hand, if the areas are close to each othgngle bigger
area encompassing all smaller areas are consiterealculate
the hydrodynamic properties and the internal gagisiden the
areas are treated as perforations over the largar a

Once the coefficients of the structure based eratiove approach
are estimated, they are then modified due to tleetedf the proximity
of the structure to the free water surface, petimna effect of side
walls of a moon pool (if applicable), etc.

Effect of perforation, free surface proximity and
amplitude of motion on Added mass

Published data on the effect of perforation ovgdrbdynamic
coefficients are rare. Normally the added mass péréorated object
is calculated from the added mass of the same bntperforated
object by multiplying with a reduction factor.

P

In industry, this reduction factor is widely takas® 2 (where
P = perforation ratio in %). But experimental fesl8 show that for
cylinders with perforation (eg, suction anchorsrmgépen hatches etc)
oscillating in the axial direction, this expressioray underestimate
the resultant added mass. DA&lggests a modified and conservative
expression (Ref. Fig. 3, plot of experimental ressahd recommended
reduction factor) by assuming that there is no cédo of added mass
for perforation ratio up to 5%.

But in Fig.3, it may also be observed that for socases, this
assumption may become over conservative. Similaewfations on
the added mass of suction cans with open hatcleeslsw reported in
Ref. 5.
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Fig. 3. Effect of perforation (in percentage) on aded mass, taken from DNV-RP-H103

From the plot of Fig. 3, it can be observed tha¢ tANV's
recommendation on the added mass of perforatedtsigan be used
for cylindrical structures if test results on sianilobjects are not kinematics is larger in magnitude.

available. On the other hand, for structures witt gurfaces, the In case of rectangular plates, the recommendedotydamic
P coefficients (as presented in DNV-RP-H103) indidhi&t added mass
reduction factor® *° appears to be conservative. In fact, the added effect is equivalent to two half-cylinders of waten the top and on
the bottom surfaces of the plate respectivilys here suggested to

mass of a perforated object is also dependentsamation amplitude C ]
(ref. Fig. 4}* and for large flat perforated structures (e.gf twiches extend this as an assumption for the added mass over a flat plate close
to the free water surface as presented in Fig.Graviiee developed

etc) it can be significantly lower than the valwtimated by using the 2 i 4
P added mass is taken as the available volume ofntiter-cylinder

reduction factoe 2%. depending on the depth of submergence. Any difect the presence

The proximity of an object to the free water soefalso affects its ~ Of waves is here ignored. In the absence of availaliperimental
added mass. Fig. 5 presents this effect for a agtin(applicable for results, this approach can be used in the anatysisigh a sensitivity
spools etc) which shows that fully developed addess should be ~ check on the depth of submergence of the strucsorehat the
applied when the top surface of the structure & aepth greater than ~ Maximum dynamic load in the hoisting system is oiatzh.
the radius of the cylinder (i.e., l#r2). The use of high values of the

added mass may introduce excessive conservatidghreimnalysis if
the structure is too close to the surface where viager particle

Fig. 4. Effect of amplitude of motion on added massf perforated structure (taken from DNV-RP-H103

Legends:
06 . p = perforation ratio (0 < p < 1)
05 | S Aszz = added mass of perforated structure
~1 e ’ Aszz = added mass of non-perforated
04 | v s » structure
A 3 | " ---#-- Hatch 20,p=0.15 p = discharge coefficient, defined by
Ao O A -..g - Halch 18,p=0.25 Molin (2001)
02 | ¢ —a— Roof #1,p=0.267 KC,po = porous Keulegan-Carpenter
011 —— Foct R 0. number = — (= };) , Where, z=
0.0 —— Roof #3, p=0.375 D 2up
0 05 1 15 2 oscillation amplitude, D = typical
uKC,, dunension perpendicular to direction of

ozcillation

)3,11
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Fig. 5. Added mass of a cylinder near the free suate (taken from
DNV-RP-H103)

Fig. 6. Suggested assumption of the added mass offe surface of
a structure near the free surface, any effect fromwvavy surface is
ignored

Drag coefficients for unsteady flow

The recommended drag coefficients for the regsliaped objects
in steady flow are commonly available (ref. Table 6) and are used
analysis. But these values may not be applicabtesfitash zone
analysis where the flow isinsteady in nature. The test results of
cylindrical objects show that the drag -coefficiemcreases
significantly when the object undergoes oscillatorgtion (Fig. 73°.
DNV? recommends that for subsea structures with congeexetry,
the CD value could be up to 4 to 8 if wake wash effécts are
ignored. In the absence of adequate experimentlltse it is
suggested that drag coefficients may be applietiva® the steady
state values in lifting analyses.

However for large structures whose hydrodynamiciniertia
dominated, higher drag coefficients should be wsithl caution since
it may induce unrealistic damping (refer sectioFEET OF LARGE
DRAG COEFFICIENTS ON THE INERTIA DOMINATED
STRUCTURES) in the simulation of the motion.

The correct selection of hydrodynamic coefficienss
always a challenge to the engineer since a lardke eyists
between the available information and the targetiegtion. A
user should pay attention to the range of valiemsibn of the
available test results and review associated njskdmparing
with previous experiences.

a3, = added mass in the
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(@ristland, 1989

SELECTION OF ACCEPTANCE CRITERIA

The acceptance criteria for an installation anslfalowable load
in the crane wire including any dynamic effectsupiantee that the
hoisting system is not adversely affected by thesfie maximum
load in the crane wire. The allowable maximum loathe crane wire
is defined as the smaller value of the crane cépéai the radius of
deployment) and the structure’s design capacityredsethe allowable
minimum load should preferably be above zero. BMstommends
10% of static submerged weight of structure as thi@imum
allowable tension so that slack in slings nevemuoecThe reason for
not allowing slack slings is to avoid any casemdsload (i.e., peak
load that may occur after slack) in the hoistingtem.

In case slack sling occurrence is unavoidable, Pr¢ommends
a conservative approach to estimate snap load asguthat the
structure is falling with a constant velocity arsl stopped by the
hoisting system.

A time domain analysis, on the other hand, alsalddbe
employed to estimate the snap load for the desigpgse provided
the model inputs are accurate enough and the tiegeis simulation
is carefully chosen to reflect the system behavioarrectly. In
general, a system with higher stiffness providagaer snap load due
to smaller time of impact, i.e., a stiffer modetklre numerical analysis
should provide a conservative estimation of thepstaad. It is
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suggested that a sensitivity study should be uakientto analyze the
effects of uncertainties in the hoisting systertiffiness values.

It may be noted that if the snap load is higmgdimade of softer
materials (e.g. nylon) may be used to reduce treativstiffness of
the hoisting system and thus lessen the magnittithee ampact load.

NUMERICAL ANALY SIS METHODOLOGY

The simplified method of analysis as outlined iN\I¥ could be
sufficient for small structures to get a reasonaapd sea state. But
for larger structures, this approach may appe#etoonservative and
numerical analysis by using commercial packagesMIACSI, SIMO
etc becomes inevitable. The general approach tdorperthe
numerical analysis for lifting of a structure infally submerged
condition is described below in brief.

e Model the geometric and the hydrodynamic propertieshe
structure following its drawings and the weightgepas much
as practicable.

e Analysis with regular waves may be used as a piedm
approach. DNV suggests that a sea state gfsignificant wave
height) can be checked by using a regular waveaskevheight
H = 1.8 x H. The corresponding range of Tp to be checked is

8.9\/E <T, <13

givenas V9 , Tz = zero crossing time period (can
be taken as wave period in case of regular #Havg =
acceleration due to gravity. Note that the sameident can be
referred to get a relation between Tp and Tz.

« A sensitivity study should be carried out usinguteg waves at
the depth of submergence, the wind sea heading angthe
vessel (target heading + 15°, ref DRjMthe swell heading angle
(swell along with the wind sea and swell from theaim sea),
total weight of the structure (including or exclngithe weight
contingency) and the winch speed (if considere@seary).

The duration of the simulation with the regular esshould be
sufficient enough to include few wave crests.

e The sensitivity study results are used to scrednthai critical
configuration(s) and sea state(s) which may needhdu
analysis with random waves to arrive at more adeudasign
sea state values.

e For random wave analysis, choose a suitable waeetrspn
based on the metocean data of the site. Guidelines in
DNV-RP-H103 may be followed in absence of any site specific
information.

e Choose the simulation duration following the actiafation of
the operation. It may be suggested to use 30 msinaglation
duration if the winch speed is not modelled singeactual
operation, the structure passes through splash witheut any
stop.

* For each sea states, it is suggested here to rumaridom
samples each of 30 minutes simulation durationthacverage
of the maximum values from the 10 samples may kentas the
expected extreme values which can be compared thith
acceptance criteria.

Sometime due to the nature of the operation, ineésded to
consider longer simulation duration. In such cabesoverall time
consumption for the numerical analysis may be redugy running
shorter simulation duration and extrapolating thgpat statistically to
the longer duration.

The foundation structure of Fig. 1 is analysed #redtime series
of the crane wire tension for a single random satioh is used to
present Fig. 8 where two commonly used methodsxtyhgolation
(namely, Rayleigh and Weibull distributions) ardtefi to the
probability of maxima values of the crane wire tens

It is evident from the figure that the Weibull'sisttibution
provides a better fit for extrapolating the splasine analysis results.
The Skewness and Kurtosis values (ref. statispesameters in Fig.
8) show that for this example the time series efdtane wire tension
is non-Gaussian (For Gaussian distribution, skesvre8, kurtosis =
0). The number of random samples (N) required koeae the desired
accuracy in estimating the expected extreme valaye lve checked by

c
N =

2
using the central limit theorem as (CT] , Where, G = target
coefficient of variation (suggested value is 10-15% = coefficient
of variation of the expected extreme values for &ingles. As
recommended before, N = 10 provides a good start.

Fig. 8. An example of fitting of Rayleigh and Weihl-3 distributions to the splash zone analysis re#ts (time series of tension in the crane

wire)
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EFFECT OF LARGE DRAG COEFFICIENTS ON
INERTIA DOMINATED STRUCTURES

Following the Morison’s model, the dynamic equatif a lifted
object at the splash zone can be written as,

mi+cx+ke= VW + C, oV, (W-%) + C,p(dragaregw-x(w-x) -1
- I _J

Y Y
Inertia force Drag force
Where, m = mass of the object, ¢ = system damirgstiffnessp =
density of water,
C, = added mass coefficientsp € quadratic drag coefficients
V, = volume for Froude-Krylov force calculation,, ¥ volume for
added mass calculation

W, W = water particle acceleration and velocity respebt

X, X = structure acceleration and velocity respectively

Removing the inertia force due to the structureseteration and
taking Vi = V,, the excitation force in Eq.1 becomes,

Ft)=(@+C,)ovw + C,p(dragareg - X(w-x) .2
For structures with large added mass and / or lengg@pped volume,
the hydrodynamic force is dominated by the ineftice term. The
expression for the drag term indicates that dependn the relative
velocities of the structure and the water particldse drag may
become a source of damping in the simulation. Weans that in the
numerical analysis of large volume structures,remease in the drag
coefficient may reduce the resulting maximum dyr@aforce in the
crane wire due to the damping effect.

The methodology as described in the previous aestiis
employed and six cases with different drag coeffits are studied.
The base case (case 1) comprises the steady sateabfficients as
presented in DN¥/(ref Table 6) while in the other cases (case &)to
multiples of the steady state drag coefficient galare used. The
results are presented in Table 1.

The overall effect is the reduction in the dynangnsion of the
crane wire which can be observed in the standavihiien values as
well as the maximum and the minimum wire tensiodues A
comparison of the vertical velocity of the struetyat the top of a
suction can) and the relative velocity between gtracture and the
water particles at the same point as obtained frentesults of case 6

is presented in Fig.11 which shows that they am®sat out of phase,
i.e., the drag force is acting against the str@$urchange of
momentum.

Similar observation on the role of drag relatedbiarst type
response is reported in Ref. 9.

Hence it is suggested that unless detailed expetahresults on
similar objects are available, a sensitivity ststhpuld be carried out
for lifting analysis of large structure to understahe role of the drag
coefficient. This will be useful to avoid unreaitsanalysis.

Table 1 Variation in the crane wire tension due tachange in the
drag coefficients

Drag Parameters of the time ;eries of the Crang
Case |coefficien wire ten5|on_ —
t Mean| Standard Maximu | Minimu
(kN) deviation (kN)| m (kN) m (kN)
1 0.78* 290 2574.3 412.5
2 1.5x 267.6 2552 436.6
0.78
3 2x0.7¢ 1391 261 2534 457
4 2.5x 255 2516 475.6
0.7¢
5 3x0.7¢ 249.7 250( 493.7
6 4x0.78 240 2468.5 527.9

*based on the steady state drag coefficients foHgwDNV® (as
represented in Table 6)

A sensitivity analysis is carried out to study theffect on the
foundation structure of Fig.1 which is having th@ldwing major
properties,

183 Te

1419 kN (144.7 Te)
20m x 20m x 8m
@4m, (Length P

Mass of the structure in air
Submerged weight

Overall dimensions (X, Y, 2)
Diameter of suction cans (4 off)

Total vertical added mass : 150Te
Total entrapped water . 360Te
Ratio of (added mass + entr vol)/subwt : 3.57

Software used : time

domain simulations)

SIMO (performs

Structure's vertical velocity at the top of suction

partcle and structure Vs Simulation time

can and relative velocity between water

O'E : AT\ iy MWMMMMMMWWM%AMAAAJ\ /\[\J}\Mﬂﬂm

% NIV WWWVWWVWWWWWWWWWWWW WAARMZF A

—— relative velocity between structure (at suction can top) and water particle

—— structure velocity (at suction can top)

Fig. 9. A stretch of the time series showing theracture’s vertical velocity at CAN top is larger than water particle velocity at the same
location indicating role of drag as damping
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EFFECT OF SLING ANGLE

A structure lifted by a crane is normally ideatizby a simple
pendulum model which works well as long as the nwdsthe crane
hook is small as compared to the mass of the Iftadtture.

But cases where the mass of the hook block isiderable (for
e.g., for a crane of 400 Te capacity, the mast@hbok could be 10
Te), a 3D double pendulum model is more suitabietlie analysis.
Such numerical models of large and heavy subsea&tstes often
show the double pendulum mode of oscillation in ¢hkash zone as
shown in Fig.10.

Several studies have been carried out on douliidybem mode
of vibration of an object lifted by a crane (such Ref. 6, 12) and it
has been established that the distance betwedmtieand the COG
of the structure (or the length of the rigging)eafs the natural
frequency of the double pendulum mbdehich consequently can
affect the dynamic load experienced by the crame.wi

Table 2 Variation of maximum crane wire tension dudo change in
length of slings

Parameters of the time series of the crane wire
tension
Sling | Distance (SL 1
angle | /SL2) between Mean g;?/?:t?(;g Max | Min
structure COG| (kN) (kN) (kN) | (kN)
and hook (m'
45¢ 8.¢ 19¢ 223C | 727
50° 10.6 216 2329 698§
55°¢ 12.7 1391 24¢ 2447 | 57¢
60° 15.4 290 2574 417
65°¢ 19.1 30¢ 260( | 25€

A detailed analytical approach for such systemnmoisattempted in
this paper, but a sensitivity study on this efisctarried out with the
structure of Fig.1 for different “hook-structurestiinces” (HS1, HS2
in Fig.10) which is achieved by changing the skmgles.

The results are presented in Table 2 which indicétat for some
structures, adjusting the sling angle may be a ggmthn to reduce
the dynamic tension in the crane wire and to allawking at higher
sea states.

The disadvantage of this approach is that it wifluence the
required design strength of the structure sinaeilitneed a stronger
structure to withstand the horizontal componerthefsling tension.

SELECTION OF DAF FOR THE STRUCTURAL
DESIGN

The effect of the DAF (Dynamic Amplification Factwalue used
in the structural design for the submerged condifioading cases
becomes evident when the maximum allowable hoot isgoverned
by the strength of the structure instead of thexereapacity at the
operating crane radius. The DAF for submerged c¢mrdis defined
as,

DAF _ static_submerged wt + downward dynamic load amplitude

static submerged wt

If it is assumed that the dynamic load amplitutéhie upward and
the downward directions are same, then DAF = 2 mikan
corresponding slack in the slings when the load agward. This

assumption forms the basis of using DAF = 2 adithéing value for
the structural designs in industry since slacklings are considered
to be unacceptable. But it is well known that iregular sea states,
the dynamic load amplitude in the downward diratctis larger in
magnitude than in the upward direction. This meahgn slack in
slings occurs in reality, the DAF value may actybié greater than 2.
The same can be observed in the sensitivity stedults on the
structure of Fig.1 (submerged weight of 1391 kN)passented in
Table 3.

Fig. 10. Double pendulum motion of subsea structurén splash
zone

The results of Table 3 indicate that if the dessgyength of the
structure is limited by a DAF = 2, then the maximalowable design
sea state will be #2.2m while a still higher sea state could be
achieved provided a higher DAF is considered fog #tructural
design.

Hence, it is here suggested, that for large subteatures the
DAF value for the structural design should be chosem a
preliminary lifting analysis result which may hetp optimize the
design sea state.

Table 3 Variation of maximum and minimum crane wiretension at
different sea states

Parameters of parent Parameters of maxima and
series minima
Hs

Mean . .

(Tp . St div of| Mean| St div
Mean| Max Min of . .
7s) (kN) | (kN) DAF (kN) | max max | of min of min
(kN) (kN) | (kN)| (kN)

2.2 2682| 2.0€ | 327 | 1783.f 228.1 | 1001| 197
2.4 2759 2.12 | 261 17971 238 988| 210
2.6 (1391|2838 2.2 197 1819 254 965| 224
2.8 2921| 2.25 | 15Z 184z 271 94z | 24C
3.0 3022 2.32 1147 1866| 287 921| 255

*indicates slack in the crane wire. Slack criterisriaken as 10% of the static
submerged
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EFFECT OF MODELLING OF THE WINCH SPEED

As mentioned earlier, the common industrial pEcto carry out
the lifting analysis involves numerical modelling the hoisting
system keeping the length of the crane wire fixeel.,(no winch
speed) assuming that the simulation with no wirpdred will provide
a conservative estimation of the loads in the $plasne. This
assumption may not be true always for structuresh warge
submerged weight or large added mass. The sanaflésted in the
results of sensitivity studies carried out on térmictures as presented
in Table 4.

Fig. 11. An oscillating system without and with wich velocity

The primary effect of applying the winch speedhiat it changes
the body’s mean position and the hoisting stiffnesstinuously. A
detailed study on behaviour of such nonlinear hgssystem is not
attempted in this paper.

The simplified models of the two undamped SDOFtesys
(systeml — without winch speed, system2 — with tvispeed) are
shown in Fig.11. It is known that for system1, th&al energy in the
gravitational field is constant and equalsriass X acceleration due
to gravity X distance AB in Fig.10 (i.e., equivalent to the distance
AB since mass and acceleration are constant). Bt the winch
speed (system2), the oscillating body may actualtguire larger
energy from gravity (equivalent to distance AB'ncg mass and
acceleration are constant) and may consequentiicenthrger tension
in the crane wire. This case is possible for stmgd with large
submerged weight and smaller hydrodynamic coeffisie(i.e.,
structures with large pick-up acceleration from thest position) as
can be observed in the sensitivity results of “SinITable 4.

On the other hand, if the submerged weight of dtracture is
small and hydrodynamic coefficients are large ,(istructures with
small pick-up acceleration from the crest positjcdhg release of the
crane wire (from length L1 to L2 in Fig.11) may liease the chance
of getting slack in the slings. The sensitivityuk®f “Str2” in Table 4
shows this possibility.

The authors didn't come across any published reesilt on the
effect of the lowering speed in the lifting anafysHence it is here
suggested that for such analysis of large subseetstes, sensitivity
checks should be performed with and without wingéesl to identify
the most critical load case for the detailed anslys

ON THE STIFFNESS AND DAMPING VALUES TO BE
USED IN THE MODEL

It is always a great challenge for an engineeude the correct
input for the stiffness and the damping of the tigs system. The
stiffness value used for modelling the system ghaaktlude the
stiffness of the crane wire, the crane structuraryr other associated
componentsand since they are all normally connected in setiee
equivalent system stiffness can be computéd as

1 1 1 1 .3
= + +
K K

Crane Sructure

K

uivalent
& Wire rope

Table 4 Effect of winch speed in the crane wire tesion on
two different structures

Parameters of the time series of
Sub wt Added|Winch the crane wire tension
Case (kN) mass | speed|Mean of| Standard Max | Min
(Te) | (m/s) | tension | deviation &N | (kN)
(kN) (kN)
0.C 2811 101 3372 237¢
Strl| 2766 | 198| 0.1 2580 296 3545 1530
0.2 256¢ 27¢ 3492 156¢
0.0 1391 345.8 | 2813 223
Str2| 1390 | 545| 0.1 13€3 392.F |275¢ 14z
0.2 1372 4446 | 2798 27*

* indicates slack in the crane wire. Slack critaris taken as 10% of the static
submerged

Normally the crane stiffness is ignored by assugniirto be rigid
as compared to the stiffness of the crane wire I(EAhich works
well if the operating depth is large (i.e., L isga). But for the splash
zone, the length of the wire is smaller and sostiftness of the wire
could be close to the stiffness of the crane atrectvhich makes the
assumption invalid.

The example in Table 5 (taken from an existingluffe mast
crane of 400 Te capacity) is used to explain tihhgeaof the effect that
could be experienced by including the crane st#ni the model.
From the data, it is clear that for this particudeane, the assumption
of infinitely stiffer crane structure can not beedor the splash zone
analysis and dramatic change in the result may sereed by
incorporating the crane stiffness since it will eaff the system’s
natural frequency.

Similarly, the damping value of the crane wireais important
input to the model which may affect the result gigantly. The
damping of the wire ropes is normally much lardert the solid rods
due to the internal friction between the wire-sttmand modelling of
small damping may produce unrealistic results. Bo¢hors have
experienced that the manufacturers of the cranéherwire rope
seldom include the stiffness values of their pradondhe catalogues
and the damping values are never mentioned.

It may be noted that the manufacturer (or the ojwokthe cranes
and the wires conduct routine tests on their prodorcassets). It is
here recommended that such testing proceduresdshtad include a
methodology to extract the stiffness and the dagpialues of the
cranes and the wires which could provide a relialata base to the
analysis engineers.

Table 5 Effect of Crane Stiffness in the EquivalentStiffness for
Splash Zone Analysis

Crane wire| Axial Stiffness | Crane Equivalent
length, L Stiffness, of  wire, | stiffness | stiffness
EA EA/L
55 m (splash 7818 kN/m 3158 kN/m
zone) . 5300*
355 m (nea 430000" kN 1211 kN/m 986 kN/m
seabed) kN/m

*input from crane manufacturer’s manual, **subject® change with the
crane radius
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CONCLUSIONS AND RECOMMENDATIONS

The challenges in the lifting analysis has beereldped very fast
in the recent years mainly by the installation afger and heavier
subsea structures than before and by the utilizatitd more
sophisticated tools to model and analyze the mystystem.

It is concluded that the DNV-RP-H103 provides &oedlent basis
for the lifting analysis by summarising the stafehm-art on the
hydrodynamic coefficients and the time domain asialynethodology.

It is strongly recommended that more model testsdnto be
conducted to understand the amplitude dependentctea of the
added mass and the drag coefficients for structwigs complex
geometries and large added mass / entrapped water.

For numerical modelling of the hoisting systemmaltibody
model (i.e., modelling the structure, the hook é&anore realistic as
compared to a simple pendulum model.

It is recommended that before the structural desig
carried out, a preliminary lifting analysis shoudd performed
to choose the DAF value (for the structural design)l the
sling angles so that the installation sea statebeanptimised.

The industry lacks available information when gires to
the stiffness and the damping values of the crémetare and
the wires. It is suggested that the routine testfopmed on the
cranes and the wires should be extended suchhatiffness
and the damping values may be extracted from #tedsults.
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C,.=xC,

K is the reduction factor due to finite leng D% s the 2D steady drag coefficient.
Geometry Dimensions Cbs
Rectangular plate normal to flow direction B/H
1 1.16
5 1.20
10 1.50
) 1.90
R.> 10°
Circular cylinder. Axis parallel to flow. L/D
0 1.12
1 0.91
2 0.85
4 0.87
7 0.99
Re> 10°
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Square rod parallel to flow L/D
1.0 1.15
15 0.97
2.0 0.87
25 0.90
3.0 0.93
4.0 0.95
5.0 0.95
Re=1.7x1C°
Circular cylinder normal to flow. L/D Sub critical flow Supercritical flow
Re<1C Re > 5x1C°
K K
2 0.58 0.80
5 0.62 0.80
10 0.68 0.82
20 0.74 0.90
40 0.82 0.98
50 0.87 0.99
100 0.98 1.00
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