


Chapter 13. Discussion

For (1) - (4) the MU LT _I M P option was used. The only difference between (1) and
(2) is the dent width which is 0.2m and 2.5m for (1) and (2), respectively. (3) and (4)
also have similar input, except for the dent width which is 0.2m and 3m for (3) and (4),
respectively. In (1) and (2) the collision energy was first dissipated by element 4411 (end
1) and then by element 9037 (end 1), as can be seen in Figure 13.2a. In (3) and (4) the
collision energy was first dissipated by element 4441 (end 2) and then by element (9014,
end 2), as can be seen in Figure 13.2b

Impact site 2
Impact site 2
Impact site 1 —

Impact site 1

/

(a) Impact site for (1) and (2) '
(b) Impact site for (3) and (4)

Figure 13.2: Impact sites

The results are summarized below:

e In (1), 6.37MJ was dissipated by element 4411 while 3.5MJ was absorbed by ele-
ment 9037. Hence, 6.63MJ remains.

e In (2), 8.7MJ was dissipated by element 4411 while 6.1MJ was absorbed by element
9037. Hence, 1.7MJ remains.

e In (3), the entire energy is dissipated by element 4441, but the platform collapses at
unloading.

e In (4), 9MJ was dissipated by element 4441 while the remaining 12MJ was absorbed
ny element 9014. No collapse during unloading.

The study shows that a higher dent width B causes a higher capacity which is in agree-
ment with Equation 3.4 and 3.5. The significant difference in energy dissipation arises
questions regarding the dent width. All extents in the USFOS-analyses were chosen based
upon observations from LS-DYNA since the ship cannot be assumed as totally rigid.
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13.2 Discussion regarding USFOS

A visual description of the dent width B versus height of contact area is shown in
Figure 13.3, which is the same figure which was used in the Introduction. The height of
the contact area is 6m and can be seen in Figure 13.3a. In comparison, the dent width
which was shown in Figure 13.1b (=0.26m) is marked in red in Figure 13.3b.

(a) Height of the contact area in the side(b) Dent width (marked in red) at jacket
model = 6m leg =0.26m

Figure 13.3: Comparison of dent width and height of contact area

13.2.2 Fracture criteria applied to elements

As mentioned in Chapter 9.1 there were some challanges with small elements in the
USFOS-model. Since strain is a relative measure (initial length dependent) an end short-
ening of 0.1 meter is more crucial for an element of 1 meter than for an element of 10
meter.

Difficulties with small elements in the global jacket model made the choices regarding
fracture criteria difficult. Hence, some smaller elements were allowed to fail (no fracture
criterion applied) since they were assumed to have little or negligible impact on the overall
structural integrity. Furthermore, the global jacket model was modelled with "dummy
elements". The purpose of "dummy elements" is to represent a behaviour (e.g.: linear
dependencies) rather than a physical element. The conductor frame in the USFOS-model
was modelled with dummy elements to represent the plates and stiffeners keeping the
conductor in place. In certain cases such "dummy elements" are allowed to fail. Applying
a fracture criterion on dummy elements in the conductor frame might cause the physical
behaviour might be lost.

13.2.3 Incremental steps and time steps

In static analyses the external loads must be balanced by the restoring term of Equation
4.1. Hence, close to element collapse the incremental size was minimized to capture the
collapse behaviour. In dynamic analyses the time step must also be tuned to capture the
behaviour of buckling and element collapse. In addition tuning of incremental load steps
and time steps will minimize the computer storage.
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Chapter 13. Discussion
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oo 14

Conclusion and recommendation
for further work

A combination of NLFEA in LS-DYNA and global analysis in USFOS gave valuable in-
formation regarding the energy dissipation. Furthermore, information regarding the dent-
ing process in the struck member was obtained. As already discussed in Chapter 13 there
are some uncertainties which must be considered for further work. The most important

findings and recommendations for further work are mentioned below:

1. Choice of dent width B in global USFOS-analyses: Local analyses in LS-DYNA

showed that setting the dent width B equal to the height of the contact area might
provide a too optimistic results with respect to energy dissipation. A comparison
study in Chapter 13 showed the drastic deviations between collision scenarios with
different dent widths. Parts of the contact area cannot be assumed as totally rigid,
e.g. the bulwark is unsupported in the upper end and will have little influence on the
overall resistance of the ship. Hence, for further work it is therefore recommended
that the dent width B is based upon NLFEA-observations rather than ship geometry
when the leg does not stand perpendicular to the sea surface.

. Conductors capability of crushing the forecastle: The bow impact against the
conductor area showed that the conductors were strong enough to crush the forecas-
tle. Hence, the ship contributed to a major part of the energy dissipation. However, a
mesh convergence study was not carried out and strain rate is not taken into account.
For further work, it is recommended to study this behaviour further.

. Structural integrity of the jacket platform: Global USFOS analyses showed that
the structural integrity of the platform was maintained throughout all collision sce-
narios according to the new collision requirements. However, all results obtained
with USFOS must be considered in view of the USFOS-input and the uncertainties
discussed in Chapter 13.2.1, 13.2.2 and 13.2.3.
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Chapter 14. Conclusion and recommendation for further work

4. Damage to critical members: The local analyses in LS-DYNA showed that the

stern of the supply vessel was capable of damaging the risers before it hit the jacket
leg. In addition, the braces and diagonals were not capable of dissipating the entire
collision energy before local collapse, which has consequences for the riser clamps
and risers. Thus, it is recommended to protect the risers further, according to NOR-
SOK S-001 (2000)
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Appendix

Structural mechanics

A.1 Tubular cross section analysis

A tubular cross section with diameter D and thickness ¢ is shown in Figure A.1

S

2r ——

Figure A.1: Tubular thin-walled cross section

The second moment of inertia about the z-axis Iz is expressed as

I:g(D—t)St (A1)
Furthermore, the elastic section modulus W and the plastic section modulus are ex-

pressed in Equation A.2 and A.3, respectively

III



4 o4
W= (D (D= 2) ) (A2)

32 D

1

7 =2 (D°—(D-2)) (A.3)
Stress components in tubular members due to hydrostatic pressure
() Al
ox =513 (A4)
T

o0 =p (%) (A5)

Hydrodtatic pressure alone will not cause buckling of tubular members. As soon as the
axial stress component cause a deflection of the tubular member the attack surface will be
increased along the bottom and decreased along the top which will cause a net horizontal
force positive in the vertical direction.

Tubular members with internal pressure, such as pipelines and risers will have some
contributions due to circumferential stresses. The equivalent stress o¢q

Teg =\ ox? + 09> — 0x09 (A.6)

A.2 Temperature dependency

The ultimate strength of steel depends on the temperature, which can be visualized in
Figure A.2. Figure A.2 shows that the ultimate strength of steel increases with decreasing
temperature but experiences a drop in ultimate strength at a given temperature (Berge,
2016). The figure also shows that the behaviour is valid both for notched and smooth

specimens. T'p is defined as the design temperature and is defines the transition from
ductile to brittle behavior.

Surs t ]

\ SMOOTH

INCREASING

DEFECT SIZE
TEMPERATURE NOTCHED
TRANSITION

Ty T

Figure A.2: Ultimate strength of steel versus temperature (Berge, 2016)
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A.3 Non-linear structural analysis

Figure A.3 shows the different stiffness definitions. K is the initial stiffness or the slope
at initial configuration. The change in incremental stiffness due to change in geometry is
expressed by the geometrical stiffness geometrical stiffness K (Bergan and Syvertsen,
1977). In general,

R=K(r)yr=(Ko+ Kg)r (A7)

where K (r) is denoted secant stiffness. Furthermore, the incremental stiffness K is
expressed as in Equation A.8

dR = — (K(r))dr = Kydr (A.)

R ) R A AK" P L

Figure A.3: Definitions of stiffness contributions (Bergan & Syvertsen, 1977)

A.4 Collapse load and hinge mechanism

An elastic-perfectly plastic material is considered. Figure A.4 shows how the bending
moment distribution develops from the elastic range (a) towards the plastic range (c) via
the elasto-plastic range (b) at a spesific part of a beam element.




o < 0y 0 — Oy 0 = 0y

Figure A.4: Development of plastic hinge

The material fiber can not carry any more load beyond yield. As seen in (b) the stress
is constant over the plastic zone while it is still varies linear within the elastic sone. At (c)
the cross section is fully plastic utilized and a plastic hinge is therefore established at this
point.

T w

Figure A.5: Clamped beam subjected to concentrated force

Figure A.5 shows a clamped beam subjected to a concentrated force P at the middle.
From the unit load method the displacement w is expressed as in Equation A.9

1 PP?

- A9
Y= 192 EI (A-9)

where [ and E are the beam length and beam stiffness, respectively.
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Figure A.6: Collapse mode

The collapse mode for a beam with a concentrated load is shown in Figure A.6. Based
upon the principle of virtual work, the internal work W, will be

SW; = 2M,, (56, + 565)

The external work 6 W, will be

6We = Pcrit(sw = Pcrith(;el

From geometrical assumptions

001 = =60

By equating the internal - and external virtual work the collapse load is given as
1 1
Py =2M, [ — + — (A.10)
L
When the load is concentrated at the beam middle I; = lo = [/2 the critical collapse
load P = 8M,,/1.
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Appendix B

LS-DYNA: Dimensions of
structural ship models

Figure B.1: Dimensions of structural bulbous bow model
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Figure B.2: Dimensions of structural side model




Figure B.3: Dimensions of structural stern corner model
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Appendix

LS-DYNA: Keywords

The purpose of this chapter is to give a brief description of the keywords used in LS-

DYNA.

C.1 LS-DYNA: Control

The choice of control input is partly based upon recommendations by Storheim (2015) and
partly on values used in the modelling and analysis of the structural ship models included

in DNVGL-RPC208 (DNVGL RPC208, 2016), (DNVGL 2015-0984, 2016)).

*CONTROL_ACCURACY

$# osu inn
0 2
+*CONTROL_BULK_VISCOSITY
S# ql q2
1.0 0.06
*CONTROL_CONTACT
$# slsfac rwpnal
orien enmass
0.1 1.0
1 0
$# usrstr usrfrc
ecdt tiedprj
0 0
0 0
$# sfric dfric
pen_sf
0.0 0.0
0.0

pidosu
0

type
1

islchk
2

nsbcs

edc

0.0

iacc
0

btype
0

shlthk
2
interm
0

vic

0.0

penopt
1
xpene
4.0

th

0.0

thkchg

ssthk

th_sf

0.0
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$# ignore frceng
spothin

skiprwg

1

rwgaps

1

ithcnt

drfctr

0.995

slnten

niptets

pm3

0

0

pm4

isnan

dtmin

0.0

isdo

imscl

1 1
0.0
$# isym nserod
swradf ithoff
0 0
0.0 0
$# shledg pstiff
shltrw
0 0
0.0
*CONTROL_DYNAMIC_RELAXATION
$# nrcyck drtol
edttl idrflg
250 0.001
0.04 0
*CONTROL_ENERGY
$# hgen rwen
2 2
*CONTROL_HOURGLASS
$# ihq gh
1 0.1
*CONTROL_SOLID
$# esort fmatrix
icohed tetl3k
0 0
0 0
$#  pml pm?2
pm8 pm9 pm10
0 0
0 0 0
*CONTROL_SOLUTION
$# soln nlq
0 0
*CONTROL_TERMINATION
$# endtim endcyc
2.0 0
*CONTROL_TIMESTEP
$# dtinit tssfac
erode msl1st
0.0 0.9
0 0
$# dt2msf dt2mslc
0.0 0

0

outseg
1
rwgdth
0.0

tdcnof

drterm

0.0

rylen

swlocl
2

pm5

0
lcint
1001

endeng
0.0

tslimt

spotstp
0

rwksf
1.0

ftall

tssfdr

0.0

psfail

pm6

endmas
0.0

dt2ms

0.0-3.0000E-6

unused

unused

spotdel
0

icov

unused

irelal

t10jtol
0.0

pm7

Ictm

rmscl
0.0
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Time scaling is defined in the control input d2ms in CONTROL_TIMESTEP. Selective
mass scaling was used throughout the critical time step was set to 3e-06 seconds. The same
value was also implemented in the structural ship models included in DNVGL RPC208
DNVGL RPC208 (2016) DNVGL 2015-0984 (2016). However, mass scaling was not
recommended by

C.2 LS-DYNA: Material

The input card for MAT_MODIFIED_PIECEWISE_LINEAR_PLASTICITY is shown be-
low.

1. mid = material ID
. to = material density [kg/mm?]
. e = Young’s modulus [N/mm?|

. pr = Poisson’s ratio [—]

2

3

4

5. sigy = yield stress [N /mm?]
6. epsmaj = major in plane strain [—]

7. lcss = stress-strain curve

8. numint = number of through-thickness integration points

Until the stress reaches sigy the stress-strain relationship is linear. When sigy is ex-
ceeded the stress-strain relationship will follow a user-defined stress-strain curve (in this
case curve-ID 70). Thus, the strain components are given in terms of plastic strains

Siqy
e

P=ec—€c=¢€—

+*MAT_MODIFIED_ PIECEWISE_LINEAR_PLASTICITY_TITLE
St523N_over63mm

S# mid ro e pr sigy etan
fail tdel
707.85000E-9 210000.0 0.3 284.0 0.0

0.0 0.0
$# c P Icss lesr vp epsthin
epsmaj numint

0.0 0.0 70 0 0.0 0.0
0.15 5.0
$# epsl eps2 eps3 eps4 epsS eps6
eps7 eps8

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0
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$S# esl es2 es3 es4 ess es6

es’7 es8
0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0

According to recommendations by Storheim, smooth stress-strain curves should be
used for NLFEA analyses in LS-DYNA. Strain rate is not taken into account in these
analyses (lcsr=0). However, in the case of strain rate the visco-plastic formulation was
recommended to be set to 1 (vp=1) Storheim (2015).
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Appendix

USFOS: Commands

The purpose of this chapter is to describe the most frequent used commands used in the
USFOS-analyses. For further reading and information, it is referred to the USFOS manual
USFOS (2015a).

D.1 BIMPACT

BIMPACT Idcs elnox elpos energy extent. xdir ydir zdir ship

BIMPACT is a static command in USFOS where the impact energy is defined in Nm.
As seen in the input, the command is applied at an element elnox and the element po-
sition (either local end 1 or local end 2) with directions in global x-,y- and z-direction.
Furthermore, an extent is also given (see Figure D.1 and Chapter 3.1).

@Exlent

Figure D.1: Extent defined in USFOS (USFOS-manual)

If the BIMPACT-command ship is set to zero then all the energy is absorbed by the
structure. If the value is more than zero indentation of ship will be accounted for, according
to the command MSHIP.
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The command might also be used in combination with MULT _IMP where the energy
dissipation is continued into another element if the original element fails.

D.2 SURFIMP

SURFIMP is a relatively new command in USFOS. It is similar to BIMPACT, and takes
the denting of tubular members into account. Another advantage is that the command can
be used for both statical - and dynamical analyses. Two options are possible: SURFIMP
(Loadcase) and SURFIMP (Attach) (see input below):

SURFIMP LoadCase LCase Type ID Extent Fx Fy Fz

SURFIMP Attach Elem ID End Extent

SURFIMP (Loadcase) is similar to BIMPACT and suitable for static analyses. A force-
deformation or force-time curve from LS-DYNA is valuable information for Fx, Fy and
Fz. The extent has the same definition as BIMPACT.

For dynamic ship impact analyses the SURFIMP (Attach) is suitable. The command is
applied to an element and corresponding element end with an extent as given in BIMPACT.
A sketch of the command setup is shown in Figure D.2.

D pipe

Pipe
Neutral

|
\ |
] I axis

Nodal mass = Mpip + Aship \ :
|

|

|

|

Initial velocity V' Surfimp spring

I

Ship
Pé — curve

— D

—_—

pipe

Figure D.2: SURFIMP explained

The ship is modelled as a non-linear spring with the force-deformation characteristics
obtained from local analyses in LS-DYNA. In addition a second spring defines the dent
depth in the pipe element. USFOS automatically defines this spring with the same length
as the pipe diameter. The dynamic properties of the ship are modeled as nodal mass (in-
cluding both the ship displacement and added mass) and an initial velocity. During the
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analyses in USFOS there were some difficulties with this command. A list of recommen-
dations are given in the end of the chapter.

D.3 WAVEDATA

WAVEDATA LC type Heigth Period Direct Phase Surflev Depth

For residual strength check a Stokes Sth order wave was applied to the jacket. It was
desirable to use a wave of 25m and 14.39 seconds. As seen in the input WAVEDATA is
defined with a wave height, wave period and direction (0 degrees according to global x-
direction). For Stoke’s 5th order wave the WAVEDATA-input type is set to 2. The wave
theory for the Stoke’s wave is based upon Skjelbreia and Hendrickson from 1961. WAVE-
DATA can be used in both statical and dynamical analyses.

D.4 CHJOINT

CHJOINT node Chordl Chord2 geono CapRule CapLevel Qf_SafetyCoeff

For joint checks the command CHJOINT is used. The nodal position of the joint is
defined together with the chord element. Is the joint is modelled with a joint can, the
can element shall be defined as Chordl. If not the chord member is defined with geono,
with can diameter and can thickness. The CapRule defines the capacity formulas, e.g.
NOR_R3 is used for NORSOK formulas (revision 3). In addition, failure mode is defined
(see Chapter 3.2.3).

Unless otherwise mentioned mean is chosen as the capacity level. Furthermore a safety
factor can be chosen. Since it is the ALS-criteria which is used, the safety factor is set to
unity, according to Chapter 2.2

D.5 JntOption

JNTOPTION Keyword Joint ID

Grouted joints are defined with CHJOINT and JntOption. As mentioned in Chapter
3.2.3 grouted joints will not fail in compression.
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Appendix

Recommendations for SURFIMP

During the master’s thesis the SURFIMP-command was used. Through trial-and-error
and discussions with supervisor it turned out that there were some bugs with the code. The
purpose of this chapter is to describe the challanges with the SURFIMP (Attach)-command
and proposed solutions.

1. Joint sections: Close to joint sections there were some problems with the command.
It is believed to have something to do with more than two elements sharing the same
end node. Hence, sub-elements were made in order to ensure that only one tubular
member where hit (see Figure 9.2).

2. Force-deformation curve: The steepest slope of the force-deformation curve must
be in the start. This has to do with unloading as the initial slope is equal to the
unloading slope.

3. Static - and dynamic analysis: The command can be used for both static - and dy-
namic analyses. However, for the jacket model the combination of statically loading
of GRAVITY and dynamically loading of SURFIMP (Attach) lead to a negative deter-
minant of the tangential stiffness matrix which lead to negative unloading of gravity
and failure for the jacket platform in tension. Even though it is not computational
efficient this was solved by applying the gravity dynamically.

4. Degrees of freedom: The SURFIMP (Attach)-command is defined with a force-
deformation curve with a specified degree of freedom. Furthermore, a user-defined
force-deformation value (k-value) for the remaining degrees of freedom is given.
According to the user-manual the k-value must be larger than any slope of the user-
defined force-deformation curve. However, for coupled motions (e.g. 45 degrees
in x- and y-direction) the k-value must be tuned in such a way that the force-
deformation curve can be compressed in both x- and y-direction.
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