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Summary

This report outlines the numerical modeling of the experimental tests outlined in IOT
Publication TR-2003-03. The numerical model is complete and “Fine Tuning” of the ice
resistance modeling is currently underway. This report outlines the methods used thus
far in “Fine Tuning” and provides documentation for continuation of the work.

It is also recommended that DECICE be upgraded to include bi-linear inter-stiffness
capability. This will improve interaction with and between ice elements by modeling the
“crushing” that ice undergoes after reaching a certain strain (compression) point.
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1.0 INTRODUCTION

In terms of escape-evacuation-rescue, the conclusion of many risk management studies
is to fit conventional lifeboats as primary means of evacuation, backed up by rafts.> An
emergency evacuation must be carried out in the environmental conditions that prevalil
at the time of the emergency.? Sometimes these environmental conditions include
operating in ice-covered waters. The purpose of Phase 1 of this study (PJ00874-
PERD) is to discern the effects of pack ice on the performance capabilities of a
conventional TEMPSC (totally enclosed motor propelled survival craft) lifeboat and to
define the operating limits of a conventional lifeboat in ice conditions. This project is not
a comprehensive evaluation of all aspects of conventional lifeboat performance; rather it
is designed to discern the effects of two factors: ice floe concentration and piece size
(including thickness). Another purpose is to research the effect of more power on the
lifeboat’s performance with respect to these factors. Phase 1 is composed of two
portions: the experimental portion and the numerical portion.

The experimental portion of Phase 1 has been completed. This portion included testing
a 1:13 scale model of a conventional TEMPSC lifeboat in the ice tank at the National
Research Council’s Institute for Ocean Technology (I0T). The following parameters
were varied during the tests: pack ice concentration (9/10ths to 5/10ths), ice floe area
(small and large), ice floe thickness, and lifeboat powering (required minimum and
higher up to 4X). For a complete report and analysis of the experimental portion of
Phase 1 see Simdes Ré et al (2003).

The numerical portion of Phase 1 consists of trying to duplicate the tests and results
from the experimental portion using a full scale numerical simulation created with
DECICE - a numerical modeling program created by INTERA Information Technologies
INC., Denver Colorado, and presently owned by Oceanic Corp., St. John’s
Newfoundland.

The previous work term student, Shane Henley, completed some initial work on the
numerical simulation that included: the DECICE representation of the numerical lifeboat
model (NLBM) (including geometry, hydrostatics, and hydrodynamics), the DECICE
representation of the Rigid Wall Boundaries (more precisely a spreadsheet that
generates the proper DECICE cards upon user input of desired dimensions), and the
open water resistance test simulations. For a complete description the previous
numerical simulation work see Lau and Henley (2004).

This report is primarily concerned with documenting the numerical portion of Phase 1.

L A. Simdes Ré, B. Veitch, B. Elliott, S. Mulrooney, Model Testing of an Evacuation System in Ice
g:overed Water, TR-2003-03 (Institute for Marine Dynamics 2003), 1.
Ibid., ii.



2.0 NUMERICAL PHASE

The numerical phase of this study consists of modeling the necessary physical features
of the experimental tests and duplicating the conditions under which the tests were
carried out. The numerical model is implemented using DECICE, a program available
at the Institute for Ocean Technology (IOT).

2.1 DECICE

DECICE is a numerical modeling program that runs on an Open VMS platform. It is
available in two versions: DECICE 2D and DECICE 3D. DECICE3D was used
exclusively for the numerical portion of phase 1.

DECICE was developed for analyzing the interaction and fragmentation of discrete and
discontinuous media (Lau, 1994) based on a Discrete Element Methodology (DEM).
This makes it an ideal solution for modeling ice floe interaction, as individual ice floes
can be modeled as discrete elements.

2.2 Coordinate System

The global coordinate system used in the DECICE simulation is located with the x-origin
at the aft most point of the initial position of the hull (at t = 0 s) with its positive direction
pointing in the direction of the vessel’s initial motion, the z-origin is at waterline elevation
with its positive direction pointing vertically upward, and the y-origin is located at the
intersection of the x and z axes with its direction governed by the right-hand rule (RHR).

The origin of the local coordinate system for the lifeboat model is located at the
element’s centre of gravity (CG) with the positive x-axis pointing toward the bow along
the centreline of the vessel, the positive z-axis pointing vertically upward, and the
positive y-axis pointing to port (RHR). This local coordinate system moves with the
element.



2.3 Numerical Model

0.1

TIME (SECS) 28.2
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1-Vesm], 2-Pack lee; 3-Rigid Wall Boundaries; 4-Cpen Water

The main features of the numerical model are (Lau and Henley, 2004):
1. Numerical Lifeboat Model (NLBM)
2. Pack ice features
3. Rigid wall boundaries
4. Open water area

The test conditions include:
e Lifeboat physical parameters
e Water physical parameters
e Element interaction parameters

In order to differentiate between the different elements, the nodes that define each
elements point in space were assigned a starting number: NLBM nodes begin with
3000, rigid wall boundaries begin with a 2000, and ice floe nodes start at 1.

2.4 Conventional Lifeboat

The conventional lifeboat was modeled in DECICE as a motion element (ME). A motion
element is a rigid element that is allowed motion in six degrees of freedom. The lifeboat
was modeled without the canopy. It was justified as only the hull was expected to have
contact with the ice and water and aerodynamic effects on the canopy were negligible
for this set of tests.
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Figure 1. DECICE representation of conventional lifeboat hull without canopy.

The hydrostatics and mass properties of the conventional lifeboat model used in the
physical testing are given in Table 2-1. These values were used to construct the initial
version of the DECICE model (Lau and Henley, 2004).

Table 2-1: Hydrostatic and mass properties of conventional lifeboat.

Full 1:13

Scale Scale

Length Overall (m) 10.0 0.769

Beam at Mid-Ship (m) 3.30 0.259
Displacement (kg)|| 11800 5.38
Longitudinal Centre of Gravity (m) 4.98 0.383
Vertical Centre of Gravity  (m) 1.34 0.103
Draft at Mid-Ship (m) 0.897 0.069

Numerical modeling of the lifeboat required that all the physical model’s properties be
accounted for. For the simulation of the lifeboat’s ballast, trim, decay, added mass, and
open water resistance characteristics see Lau and Henley’s report (2004).



2.5 lce Features

The ice floes are simulated using the simply deformable finite elements (SDFE’S)
available in DECICE. These elements can be deformed and broken during interaction
with their surroundings (i.e. water, rigid wall boundaries, other ice floes, and the
lifeboat). An ice floe that is broken into two pieces becomes two independent elements;
thus more accurately describing the role of the ice floes in the simulation. Pack ice floes
of specified concentrations, floe areas, and thicknesses were created for analysis.

Fuok Igce Gecwetry

TINE CSECE] B.AA
DIAEMEION [T

Figure 2. DECICE representation of pack ice.

2.5.1 Generating pack ice

Pack Ice for the DECICE model test runs were initially generated using Tess2D.
Tess2D is a tessellation program that runs on an Open VMS operating system. A
tessellation is a group of convex polygons where each polygon is defined by a point that
has, as its territory, the area that is closest to it alone. Tess2D asks for an initial
rectangular area (i.e. the dimensions of the ice area), which it reduces to a group of
convex polygons such that the sum of the areas of the polygons divided by the initial
rectangular area gives the desired concentration of pack ice. Tess2D also requires that
the “freeboard” (height above water) and the “ice depth” (depth below waterline) be
entered where:

IceThickness = Freeboard + IceDepth (2)

Other inputs include ice density, number of polygons with greater than 4 sides,
tolerances, start piece DECICE element ID, and added mass.

Due to some inherent problems, an iterative process is required to obtain the target
output parameters within acceptable error limits. This iterative approach is outlined in
Tess2D User Guide — Generating Pack Ice Sheets for use in DECICE Simulations,



which is included in Appendix A. The original documentation for Tess2D is given by
Schachter (1993).

2.5.2 Tess2D outputs

Tess2D outputs the pack ice as ME’s — which are modeled as rigid elements. Rigid
elements do not represent ice floes very well (especially for the purposes of this study);
therefore, they were converted into SDFE’s. Lau and Henley (2004) developed a
template to convert the ME’s into SDFE’s. Instructions for converting the ME’s into
SDFE’s are included in Appendix B.

2.6 Rigid Wall Boundaries

The rigid wall boundaries are rigid, fixed elements that extend above and below the
water surface. Their purpose is to contain the ice floes in the same manner they were
restricted in the ice tank during testing. Ideally the rigid wall boundaries should be far
enough from the lifeboat-ice and ice-ice interaction to appreciably interfere with the
interactions.

2.6.1 Creation of the rigid wall boundary model

Creation of the DECICE rigid wall boundary model was simplified by the creation of a
spreadsheet (RIGID BOUNDARIES.XLS) by Lau and Henley (2004). The desired
parameters for the rigid wall boundary are input to the spreadsheet and the NODAL-
COORD, RIGID-ELEM, and RIGID-CONNEC cards necessary for the DECICE model
are output.

2.7 Open Water Area

The open water area allows the lifeboat to attain equilibrium before entering the pack
ice. Itis also convenient because starting the lifeboat in the pack ice would require
making sure the lifeboat would not overlap with the ice floes.



2.8 Water Resistance

The water foundation simulates the effects of water on the boat, the ice, and their
interactions). It includes buoyancy and the damping effects of water on the lifeboat. In
all cases the water density used was the ice tank water density, 1002.5 kg/m?®.

Water effects can be applied by using:
e The drag coefficient (Cp)

0 Applied with the PHYSICAL-CONST card. The drag coefficient applies a
universal viscous drag to all elements affected by water except the
lifeboat, which is modeled by a motion element. It is not recommended to
use the drag coefficient, as it tends to produce large errors, especially as
element velocity increases (Lau and Henley, 2004).

e The HYDRO-DAMP card

o The HYDRO-DAMP card utilizes the six coefficients of a quintic least
squares fit of a Surge Resistance vs. Velocity curve and the results of
added mass analysis for the remaining five degrees of freedom (Lau and
Henley, 2004). This card is applied only to the NLBM.

e The DAMPING-MAT card

0 Mass damping can simulate water effects by causing elements to damp

the energy transferred to them as if they were in water.

2.9 Ice Resistance

Along with the pack ice generated by Tess2D, element interaction (i.e. ice resistance)
must be defined. Ice resistance can be varied by changing the inter-stiffness value of
ice-ice, NLBM-ice, and rigid wall boundary-ice interactions. The magnitude of the inter-
stiffness affects the level of energy transfer between these elements and therefore the
ice resistance.

Inter-stiffness values are applied in DECICE through the use of the INTER-STIFF card.



3.0 CURRENT STATE OF THE NUMERICAL MODEL

Currently “Fine-Tuning” of the numerical model is under way. All the elements of the
numerical model are created and implemented, but the element interactions (i.e. the ice
resistance) have not been fine-tuned. Once fine-tuning is complete, the model will be
ready to simulate the physical tests and results of Phase 1.

Three types of tests are being carried out: resistance tests, launch tests, and power
tests. The numerical modeling is complete for all of these tests, with the exception of
the “Fine-Tuning”. This means that the NLBM, the rigid wall boundaries, the pack ice
sheets, and the water resistance for each numerical test run is completed and compiled
into input files to be run in DECICE upon completion of the fine-tuning of the ice-
resistance.

3.1 Resistance Tests (H Series)

The H Series tests are performed to model the lifeboat-ice and ice-ice interactions. To
simulate the physical model being attached to the PMM (Planar Motion Mechanism) and
being towed down the ice tank, the yaw and sway motions of the lifeboat model are
restricted and the NLBM is assigned a constant velocity. This allows measurement of
the total resistance on the NLBM.

Table 3-1: Resistance Test Data.

Test A1 (m) F2 () 1 (m) Y2 (m)  [Floe gize im)| Floe Area (m*2) | Thickness (m)
H25 Ch 15 145 7.5 7.5 2.2 4.5841 0.3783
H25 Ch 15 125 7.5 7.5 2.2 4.5841 0.3783
H25 C7 15 105 7.5 7.5 2.2 4.8541 0.37583
H50 _CH 15 320 -15 15 5.265 277202 0.6278
H50 C7 15 275 -15 15 5.265 277202 06274

Test Target |Actual Final| Canc. Ratio Target Floe| Final Floe | Floe Area Ratio | Mumber of lce

Conc. (%) Conc. (%) | Target (%) | Area (m™2) | Area (m*2) Target (%) Floes
H25 Ch &0 50.65 1.013 4.5541 4.589 1.001 202
H25 Ch 2l B0.4 1.007 4.5541 4,862 0.995 205
H25 C7 70 7019 1.003 4.8341 4.81 0.935 197
H50 _CH 2l 59.95 0.999) 277202 27845 1.005 197
H50 C7 70 70.15 1.002] 277202 27 B33 0.997 195




3.2 Launch Tests (LB Series)

The LB Series tests were designed to simulate the experimental ice tank tests at the
minimum required lifeboat power. The NLBM is free to move, and a specified constant
thrust force is applied to the model. The NLBM motion is expected to be controlled by
the thrust force and the prevailing pack ice condition.

Table 3-2: Launch Test Data.

Test *1 () 2 () Y1 (m) Y2 (m) |Floe size (m)| Floe Area (m*2]| Thickness {m)
LE25580 15 g0 -13 13 273 74528 0.38
LBE25580 15 g0 -11.5 11.5 26 6.76 0.39
LEB25570 15 80 -13 13 273 74528 0.38
LE25560_revd 14 g0 -8 =] 232 5.3824 0.38
LE25550 15 80 -13 13 221 4.8841 0.403
LE25540 15 g0 -13 13 2.1 4.5841 0.403
LB25L70 15 g0 -25 25 5.89 474721 0.403
LE25LE0 15 80 -25 25 5.63 43.9568 0.403
LBE25L50 15 g0 -25 25 6.5 42.25 0.403
LE25L40 15 80 -25 25 5.37 40.5768 0.403
LBS0S70 15 g0 -20.5 205 3.38 11.4244 0.624
LES0SED 15 &1] -20.5 205 288 5.2401 0.624
LBSO0S50 15 g0 -20.5 205 273 74528 0.637
LBS0S40 15 g0 -20.5 205 3.38 11.4244 0.637
LBS0L70 15 80 -25 25 5.37 40.5768 0.524
LBS0LE0 14 g0 =25 25 5.63 43.9565 0.637
LESOLS0 15 80 -25 25 5.24 38.9376 0.637
LESOL40 15 g0 -25 25 5.88 35.7604 0.537

Test Target Conc. [Actual Final| Conc. Ratio |Target Floe| Final Floe | Floe Area Ratio | Mumber of Ice

(%) Conc. (%) | Target (%) | Area (m"2)| Area (m") Target (%) Floes
LE25580 a0 79.54 0.554 74528 7266 0.875 185
LBE25580 g0 00.36 1.005 6.76 6.637 0.8582 181
LE25570 70 £9.85 0.935 74528 7.154 0.860 165
LE25560_revd 60 59.75 0.855 5.3524 5.551 1.031 126
LE25550 50 50.34 1.007 4.8841 4.917 1.007 173
LE25540 40 J39.583 0.855 4.5541 48962 1.016 136
LB25L70 70 B5.56 0895 4747 46.333 0.976 49
LE25LE0 60 59.97 1.000)  43.9569 43.31 0.885 45
LBE25L50 a0 49.54 0.857 42.25 42,628 1.009 34
LE25L40 40 39.78 0895  40.5769 40.41 0.995 32
LBS0S70 70 7012 1.002 11.4244 11.123 0.874 168
LES0SED 60 59.98 1.000 G.8401 8.784 0.883 182
LBSO0S50 a0 49.55 0.551 74528 7286 0.874 152
LB5S0S40 40 40.39 1.010 11.4244 11.6829 1.035 a1
LBS0L70 70 £9.95 1.000)  40.57B9 41.35 1.019 55
LBSOLE0 60 59.75 058595  43.9569 44,132 1.004 44
LESOLS0 50 49.75 0995 389376 38.498 0.889 42
LESOL40 40 40.22 1.006)  35.7604 35.329 0.8585 37




3.3 Power Type Tests (T Series)

The T Series tests were designed to simulate the experimental ice tank tests at greater
than the minimum required power level. Again, the NLBM is free to move, and the
constant thrust force is increased up to 4 times the original thrust force. Similarly, the
NLBM'’s motion is expected to be controlled by the thrust force and the prevailing pack

ice condition.
Table 3-3: Launch Test Data.

Test #1(m) #2 (m) Y1 {m) Y2 {m) Floe size (m) | Floe Area (m*2)| Thickness (m)
T125570 15 80 -13 13 247 £.1003 0.351
T225570 14 80 -13 13 247 6.1003 0.331
T425580 15 80 -11.5 11.5 4.16 17,3056 0.331
T126L70 15 80 -25 25 B.63 43.9569 0.364
T226L70 15 80 -258 25 6.63 43.9569 0.351
T326L70 15 80 -25 25 6.63 43.9569 0.331
T425L70 15 80 -5 25 B.63 43.9569 0.351
T250560 14 80 205 20.5 377 14,2129 0.65
350560 15 80 205 20.5 377 14,2129 0.5
T450560 15 80 205 20.5 377 14,2129 0.B5
T250570 15 80 =208 20.5 3.64 13,2496 0.B5
T350570 15 80 -20.58 20.5 3.64 13,2496 0.65
T450570 15 80 =205 20.5 3.64 132496 0.E5
T250L60 14 80 -25 24 6.76 45,6976 0.65
T350L60 15 80 -25 25 B.76 45 6976 0.5
T450L60 15 80 -25 25 B.76 45,6976 0.B5
T350L70 15 80 -258 25 5.589 47 4721 0.B5
T450L70 15 80 -25 25 5.59 47 4721 0.65

Test Target Conc. |Actual Final|Conc. Ratio [Target Floe|Final Flae Area [ Floe Area Ratio | Mumber of lce

%) Conc. (%) | Target (%) | Area im™) ] Target (%) Floes
T125570 70 702 1.003 6.101 6.053 0.992 196
T225570 70 702 1.003 £.101 £.053 0.592 196
T425580 80 80.01 1.000 17,306 17.336 1.002 B3
T125L70 /0 71.78 1.025 43957 44018 1.001 53
T225L70 /0 71.78 1.025 43.957 44018 1.001 53
T326L70 70 71.78 1.025 43.957 44.018 1.001 53
T426L70 70 71.78 1.025 43.957 44.018 1.001 53
T250560 B0 61.44 1.024 14.213 14237 1.002 115
T350560 B0 61.44 1.024 14213 14237 1.002 114
T4505R0 =11] G1.44 1.024 14.213 14237 1.002 115
T250570 /0 B3.72 0.996 13.280 13.367 1.009 139
T350570 70 £3.72 0.996 13.280 13.367 1.009 139
T450570 70 £3.72 0.996 13,250 13.367 1.009 139
T250L60 B0 B0.7 1.012 45 693 44 832 0.931 44
T350L60 B0 60.7 1.012 45,693 44532 0.981 44
T450L60 =11] B0.7 1.012 45 693 44832 0.931 44
T350L70 /0 £2.03 0.987 47 472 46,771 0.985 43
T450L70 70 £3.03 0.937 47 472 46,771 0.935 45
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4.0 FINE TUNING

As a starting point for fine-tuning the numerical model with respect to NLBM-ice and ice-

ice interactions, the ice resistance run M13_H50_C7 from the experiment (Simbes Ré
et al, 2003) was selected for simulation.

Table 4-1: M13_H50_C7 Test Results.

Model Scale Full Scale
Test Name - - - -
Velocity (m/s)Resistance (N)Velocity (m/s)Resistance (N)
0.143 5.12 0.515594 11248.64
M13 H50 C70.428 7.773 1.543176* 17077.281*
- T 711 9.549 2.563547 20979.153
1.137 10.981 4.099512 24125.257

Note: these are the target values for the numerical fine-tuning test runs.

For fine-tuning the model, the resistance of the ice has to be modified until it reaches
the optimal level. Ice resistance is the governing parameter for the velocity of the
NLBM. The velocity and ice resistance have to be matched exactly for successful
numerical modeling of the experiments.

4.1 Initial Tests

Initially, six test runs were performed varying the above parameters according to the
following matrix in Table 4-2. Please note that the NLBM was restricted in yaw and
sway motions in all tests.

Tahle 4-2° Fine Tiinina Tect Matriv

Initial Tests
Fun Mass Damping? | Interstiff |Drag Coeff. | Hydrodamp? Cards Motes

WELOC-DEFM, RWVELO-DEFM, FIXED-

H50 _C7 S1b Mo 7.O0E+HD3 0 yes DEFM (restricted yaw and sway)
WELOC-DEFM, RWELO-DEFM, FIXED-

H30 C7 52k Mo 1.00E+HB 0 yes DEFM (restricted yaw and sway) Similar to 571
WELOC-DEFM, RWELO-DEFM, FIXED-

H50_C7 53k Mo 1.00E+HIE 0.1 yes DEFM (restricted yaw and sway)
WELOC-DEFM, RWELO-DEFM, FIXED-

H50 C7 S4h Mo 7.00E+H]3 0 no DEFM (restricted yaw and sway)
WELOC-DEFM, RWELO-DEFM, FIXED-

H50_C7 S5h Mo 1.00E+HIB 0 no DEFM (restricted yaw and sway) Similar to 54
WELOC-DEFM, RWELO-DEFM, FIXED-

Ha0 C7 S6h Yesg 1.00E+I5 0.1 no DEFM (restricted yaw and sway) Instahble

Further Tests

Run Wass Damping? | Interstiff | Drag Coeff. |Hydrodamp? Cards Motes

WELOC-DEFM, RWELO-DEFM, FIXED-

H50_C7 S8hb Mo 2 15E+H15 o yes DEFM (restricted yaw and sway) Similar to 51
WELOC-DEFM, FORCE-DEFN, FIXED-

H50 C7312h Mo 2. 15E+H15 1] YES DEFM irestricted yaw and sway)

Note: The absence of the “_"in H50_C7S12b is correct; DECICE only accepts filenames up to 10 characters in length.
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4.1.1 Observations and discussion

H50_C7_Si1b

The RVELO-DEFN card does not function properly. It fails to have any affect on
the post-initial velocity of the NLBM. This is due to the employment of the
HYDRO-DAMP card.

The VELOC-DEFN card functions properly and is the source of the NLBM'’s initial
velocity. This velocity eventually goes to zero because there are no positive
surge forces acting on the NLBM (i.e. the NLBM slowly stops due to resistance
from the pack ice and water).

The NLBM progressed almost half way along the pack ice sheet and all pack ice
floes remained inside the rigid wall boundaries. From observation, this is
assumed to be due to the low 7.00E+03 inter-stiffness value.

H50_C7_S2b

The RVELO-DEFN card does not function properly. It fails to have any affect on
the post-initial velocity of the NLBM. This is due to the employment of the
HYDRO-DAMP card.

The VELOC-DEFN card functions properly and is the source of the NLBM'’s initial
velocity. This velocity immediately goes to zero because there are no positive
surge forces acting on the NLBM (i.e. the NLBM almost immediately stops when
it reached the pack ice).

The NLBM did not progress along the pack ice sheet and initial impact with pack
ice floes cause them to disperse outside the rigid wall boundaries. From
observation, this is assumed to be due to the high 1.00E+06 inter-stiffness value.

H50_C7_S3b

The RVELO-DEFN card does not function properly. It fails to have any affect on
the post-initial velocity of the NLBM. This is due to the employment of the
HYDRO-DAMP card.

The VELOC-DEFN card functions properly and is the source of the NLBM'’s initial
velocity. This velocity immediately goes to zero because there are no positive
surge forces acting on the NLBM (i.e. the NLBM almost immediately stops when
it reached the pack ice).

The results were very similar to the results of H50_C7_S2b. At this point in the
testing it is not possible to discern the effects of the added Cp parameter.

H50 _C7_S4b

The RVELO-DEFN card functions properly and keeps the NLBM at the target
velocity (like the physical tow tests). This is because the HYDRO-DAMP card is
not employed.

The VELOC-DEFN card functions properly and is the source of the NLBM's initial
velocity.

The NLBM progressed to the end of the pack ice sheet and all pack ice floes
remained inside the rigid wall boundaries. From observation, this is assumed to
be due to the low 7.00E+03 inter-stiffness value.

12



e The mean surge resistance of approximately 48.8 N is far below the target value
of approximately 20,000 N.

H50_C7_S5b

e The RVELO-DEFN card functions properly and keeps the NLBM at the target
velocity (like the physical tow tests). This is because the HYDRO-DAMP card is
not employed.

e The VELOC-DEFN card functions properly and is the source of the NLBM’s initial
velocity.

e The NLBM progressed to the end of the pack ice sheet and most of the pack ice
floes dispersed outside the rigid wall boundaries. From observation, this is
assumed to be due to the high 1.00E+06 inter-stiffness value.

e The mean surge resistance of approximately 187,000 N is far above the target
value of approximately 20,000 N.

H50_C7_S6b
e This run is unstable and will not run to completion. This run attempted to employ
mass damping, Cp, and the high inter-stiffness value.

4.1.2 General observations

In general, from the first six tests it was noticed that varying the inter-stiff parameter had
by far the largest effect on resistance (see plots for H50 _C7_S1b and H50_C7_S2b in
Appendix C, and notice the difference in order of magnitude of force).

It was also noticed that employment of the HYDRO-DAMP card prevented the RVELO-
DEFN card from functioning at all.

4.2 Further testing

Using the approximate maximum resistance from runs H50 C7_S1b and H50_C7_S2b
— 1500 N and 90000 N respectfully (each occurred at approximately the same velocity),
an inter-stiffness value was interpolated in hopes that it would yield better resistance
results. Runs S1b and S2b were chosen because they included the HYDRO-DAMP
card, which | wanted to include in the model.

The interpolation used is a standard linear interpolation of a point on a line between two
known points, with the following inter-stiffness interpolation equation:

6 3
Interstiff =1.00e® — (1.00e —7.00e X90000— 20000)
(90000-1500)

= 2.1458¢° 1)
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4.2.1 Observations and discussion

H50_C7_S8b

This run used the interpolated inter-stiffness value. Run H50_C7_S1b was used
as a template for this run’s construction.

Once again the RVELO-DEFN card does not function properly. It fails to have
any affect on the post-initial velocity of the NLBM. This is due to the employment
of the HYDRO-DAMP card.

The VELOC-DEFN card functions properly and is the source of the NLBM'’s initial
velocity. This velocity eventually goes to zero because there are no positive
surge forces acting on the NLBM (i.e. the NLBM slowly stops due to resistance
from the pack ice and water).

The maximum surge resistance result of 31,500 N for this run was much closer to
the target resistance of approximately 20,000 N.

H50_C7S12b

This run used the interpolated inter-stiffness value and the FORCE-DEFN card
(applying the target resistance (19155 N) in the positive x-direction (surge) at the
NLBM’s CG). Run H50_C7_S9b was used as a template for this run’s
construction.

The VELOC-DEFN card functions properly and is the source of the NLBM’s initial
velocity. This velocity increases dramatically in the open water because of the
application of the surge force.

The average surge velocity result is approximately 5.0 m/s for this run and is
double the target velocity of 2.56 m/s.

The final DECICE geometry display (included in Appendix ###) does not show
that many ice floes have dispersed outside the rigid wall boundaries. | believe
that this is because the NLBM traveled down the tank too fast for them to move
significantly. | believe that, given extra time, a large number will eventually end
up outside the rigid wall boundaries.

4.2.2 General observations

Again the use of the HYDRO-DAMP card prevented the model from keeping a constant
forward velocity. The interpolated inter-stiffness value seems promising.
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4.3 Inter-stiffness Variance Testing

The interpolated inter-stiffness seems promising and it was decided to pursue further
testing of various inter-stiffness values for a given velocity. A series of tests was

prepared such that a given velocity was tested with five inter-stiffness values ranging
from 1.50E+50 to 3.75E+50 in steps of 1.50E+50. These tests were prepared for the
four velocities in Table 4-1.

Table 4-3: Inter-stiffness variance test matrix.

Run Interstiff |Total Velocity [Total Besistance |Water Resistance |lce (Targef) Resistance |Notes
HE0C/ N 1.50E+HI5 0518 11249 1875 9373
H50CA 12 | 3.00EH1S 0516 11249 1875 9373
H50C7 13 |4 .50E+H15 0516 11249 1875 9373
HEOC/T 14 |B.O0OEHDIS 0518 11249 1875 9373
HEOCYW1 15 | 7.50E+H15 0.515 11249 1575 89373
HEOC/V2 1 1.50E+HI5 1.543 17077 2093 14984
HEOCYW2 12 | 3.00E+H1S 1.543 17077 2093 14984
HS0CVE 13 |4 .50E+H15 1.543 17077 2093 14984
HEOC/WZ 14 |B.O0EHIS 1.543 17077 2093 14984
HEOCYW2 15 |7 .50E+H1S 1.543 17077 2093 14954
*There ig no v3

HEOC/A 1 1.50E+H15 2.564 20979 2755 158224
HEOCYWA 12 | 3.00E+H15S 2.564 20879 2755 15224
H50CYA 13 |4.50EH15 2664 20979 2755 15224
HEOC7v4A 14 |B.00EHIS 2.564 20979 2755 158224
HEOC/wA 15 |7 .50E+H1S 2.564 20379 2755 15224
HEOC/E N 1.50E+H15 4.100 24125 7257 16863
HEOC/WE 12 | 3.00EHIS 4.100 24125 7257 16863
HS0CYWE 13 |4.50EH15 4.100 24125 7257 16863
HS0C7WE 14 |B.O0E+HIS 4.100 24125 7257 16863
HEOC/WE 15 |7 .50E+HS 4.100 24125 7257 16563

These runs were constructed in hopes of defining a curve (for each velocity) of Inter-

stiffness vs. Resistance. Figure 3 shows a hypothetical example of what such a curve
might look like. Tests were created for multiple velocities so that inter-stiffness curves
for each velocity could be compared to each other in search of similarity. Ideally, they
should be approximately equal.

Inter-stiffness

0.00E+00

Example Inter-stiffness vs. Resistance Curve

for Velocity =

Vx1

1.00E+06

5.00E+05 -

y = -0.0003x? + 28.22x + 116119

R? = 0.9698

0

20000 40000

60000 80000

Resistance

100000

Figure 3. Example Inter-Stiffness vs. Resistance Plot.
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The HYDRO-DAMP card causes the RVELO-DEFN (i.e. constant velocity) card to
malfunction; therefore it could not be used in these tests. However, the HYDRO-DAMP
card’s function is to calculate and apply the resistance imparted by water at any given
velocity. Because, in this case, the velocity in each run is constant, the effects of the
HYDRO-DAMP card can be modeled by applying a negative surge force (-Fx) equal to
that which the HYDRO-DAMP card would have applied for that velocity. The equation
for the HYDRO-DAMP card is shown in Figure 4 and the negative surge force applied in
each run is given in the “Water Resistance” column in the above table.

HYDRO-DAMP Card Resistance vs. Surge Velocity

8000

y = 21.485x° - 154.44x* + 439.96x° - 418.1x° + 217.49x + 1824.2

7000 - R?=0.9991
z
© 6000 -
o
L
S 5000 -
o
|_
= 4000 -
Q
=}
& 3000
(]
E y
T 2000 ; *
-|5 v
|_

1000 -

0 : : : : : : : :
0 0.5 1 1.5 2 2.5 3 35 4 45

Model Velocity (m/s)

Figure 4. HYDRO-DAMP Card Equation.

4.4 Continuing this Work

Unfortunately, due to time restraint, | was not able to run these tests, and have no
further results to report. The procedure necessary to continue this work is outlined
here:

1. All 20 test runs for inter-stiff variance have been created and are ready to be run
with DECICE. Select a run and execute the simulation using DECICE.

2. Convert the history file produce by DECICE into ASCII data files using
“HST_CONV_MLAU.EXE” — a VMS program designed for that purpose.

3. Transfer the “TAPE*.DAT" files produced in Step 2 to a personal computer.
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4. Copy “HST_CONV_BQ V3 2.M”into the directory containing the “TAPE*.DAT"
files and then start Matlab.

5. In Matlab, change to the directory containing the files listed in Step 4. Open the
“HST_CONV_BQ V3 2.M”file in a Matlab Editor window and click the “run”
button on the toolbar. This will start an interactive analysis program that will
allow easy manipulation of the data produced by DECICE. All data will be saved
in individual matrices for ease of location and analysis. Refer to HST_CONV_BQ
_V3_2.M User’s Guide in Appendix F for a detailed explanation of the options
available in this program.

6. Type “y/Y” when prompted to display a plot of Vx and Fx.

7. Type “y/Y” when prompted to produce statistics.

8. Enter “1” when prompted for the number of segments to be analyzed. Be careful
not to include data after the point in time that the NLBM has left the pack ice.

9. Click “y/Y” to save the statistics to an ASCII file.

10. Repeat this procedure for each test run.

11. Start an Excel spreadsheet. For each velocity in Table 4-1, enter the mean
resistance and inter-stiff value corresponding to each run (five per velocity).

12.For each velocity plot Inter-stiffness vs. Resistance (i.e. make four plots).

13.Find a trendline that provides the best fit for each plot.

14.Compare plots and trendlines, they should be similar.

15.Use the trendlines to find the inter-stiffness value corresponding to the target
resistance for each speed in Table 4-1. The inter-stiffness values should be very
similar.

16. Enter the inter-stiffness value generated into the Resistance, Launch, and Power
tests described above.

5.0 NLBM LAUNCH

Conventional TEMPSC'’s are designed to be launched into the water from the deck of
an offshore oil rig or a ship using a flexible boom (see Figure 5). It was desired to
perform numerical testing of the launch of the TEMPSC. This section outlines the
addition of MOVE-ELEM and VELOC-DEFN cards to the launch numerical model.

The objective is to launch a Conventional Lifeboat from 30 metres above the waterline
and analyze what happens to it after the launch.

The MOVE-ELEM card was added so that the model element could be placed at the
position and orientation corresponding to the point in time just before its bow breaks the
water line, after the launch. There was some question as to how the MOVE-ELEM card
functions in the numerical simulation. For notes on the use of the MOVE-EMEL card,
please see Appendix E.

The VELOC-DEFN card was added so that the model element would have the proper

initial velocities (including angular velocity) for the point in time referenced in the MOVE-
ELEM card.
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5.1 Matlab Simulation

Wayne Raman-Nair previously completed a Matlab model simulation of a Conventional
Lifeboat Launch in which the model was raised to 30 metres above the waterline and
launched. The data provided by him was in a Matlab file called “MLAUDATA.MAT” and
included the position (OG matrix) and velocity (vG matrix) of the lifeboat centre of
gravity, angular velocity (omega matrix) of the lifeboat, and orientation of the lifeboat
(b1, b2, and b3 matrices — unit vectors representing local x-axis, y-axis, and z-axis
directions respectfully, and thetaBoat containing the rotation angles in “Space 3 - 1, 2,
3” format.). All data was provided for a 34 second time period, in tenths of a second
time steps (t matrix).

I — Oaviis —_— '

SLSEH RO LI

Boom : 24 m
Tag lme: 24 m

Lifeboat
- l I.'II::':ll overall : 10001 m
Beam overall : 3.68 m
Height : 3.50 m
BowtoG:5.15m

Aftto G:4.95m

TEMPSC

Lifeboat

Figure 5. System configuration of the Matlab Launch simulation.

5.1.2 Coordinate systems used in Matlab

The global coordinate system used in the Matlab simulation provided by Wayne Raman-
Nair has its origin at the base of the boom, which is 30 metres above the waterline.

This simply means that when transferring data to the DECICE simulation, a +30 m offset
has to be applied in the global z-direction. For example if the Matlab data has
coordinates (2,4,5), then the coordinate input for DECICE would be (2,4,35).
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The local coordinate system used in the Matlab simulation is the same as it is for the
DECICE simulation.

5.2 MOTION-ELEM Card

The MOTION-ELEM card included with the numerical model was incomplete and had to
be updated. A copy of the correct parameters for the MOTION-ELEM card was
included in Lau and Henley (2004), Appendix B. These parameters were copied and
updated (see Figure 6).

| hsretore

[IMOTICNEELEM
1 1 11Z0E+04  S15T0E+00 QO000DE+D0  -44200E-01  QO0Q00E+0D 0 0O00E+DD

00M0E+00  10000E00  OOMOCE+00 O0000E+00 O0000E+00 1.0000E+00 00000E+00 2 ZIE0E+04

S9780E«0d  SOTE0Ee(d 0O0000E+00 OO0000E+00 O0O0000E+00 15518E+04 1S62E«05  0.0000E+00
QO00OCE=00  DODOCE-00  QO000E+D0  0.0000E+00 0Q.0000E+D0  1.1986E+04

Figure 6. MOTION-ELEM card.

5.3 Pointin Time

In order to extract the relevant data from the Matlab simulation, the point in time just
before the lifeboat’s bow broke the waterline had to be known. To accomplish this the
z-axis velocity of the lifeboat’s CG vs. time was plotted and an irregularity was found in
the curve that corresponded with the point in time that the lifeboat just entered the water
(i.e. a noticeable change in velocity).
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Figure 7. Graph of lifeboat CG vertical velocity vs. time.

As can be seen from Figure 7, the irregularity occurs at approximately t = 30 s. An
enlargement of this area was then made to determine the precise moment of water
entry.
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Figure 8. Enlargement of graph of z-axis velocity irregularity.

As you can see from Figure 8 the irregularity occurs att = 29.3 s. Therefore the
relevant data is contained in each matrix at time equal to 29.3 s.

5.4 MOVE-ELEM Card

The MOVE-ELEM card was added so that the model element could be placed at the
position and orientation corresponding to the point in time just before its bow breaks the
water line, after the launch.

The MOVE-ELEM card needs 21 parameters including:

Global element number — There is only the lifeboat which is element 1 => "1”
Global zone number — Not applicable => “0".

Global rotation flag — Flag for using “Space 3 - 1,2,3” rotation algorithm => “1”
Local rotation flag — n/a — Flag for using “Body 3 — 1,2,3” rotation algorithm => “0”
Global/local scaling flag — n/a => “0”

x-component of translation — arbitrary = > “0.00E+00”

y-component of translation — arbitrary = 2.9968 m => “0.00E+00”

z-component of translation* — See *Note = “1.003303+E00”

x-coord of global rotation origin — for “Space 3 — 1,2,3” algorithm => “0.00E+00”

©CoNoOrwWNE
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10.y-coord of global rotation origin — for “Space 3 — 1,2,3” algorithm => “0.00E+00”
11.z-coord of global rotation origin — for “Space 3 — 1,2,3” algorithm => “0.00E+00”
12.Global angle of rotation about x-axis — thetaBoat_deg(294,1) => “-2.1920E +00”
13.Global angle of rotation about y-axis — thetaBoat_deg(294,2) => “5.5892E -01”
14.Global angle of rotation about z-axis — thetaBoat_deg(294,3) => “1.9899E+01”
15. Local angle of rotation about x-axis — n/a => “0.00E+00”

16.Local angle of rotation about y-axis — n/a => “0.00E+00”

17.Local angle of rotation about z-axis — n/a => “0.00E+00”

18.x-coord of global scaling origin — arbitrary => “0.00E+00”

19.y-coord of global scaling origin — arbitrary => “0.00E+00”

20.z-coord of global scaling origin — arbitrary => “0.00E+00”

21. Scale factor — no scaling (can be 1 or 0 for no scaling) => “1.00E+00”

‘Note: The global z-coordinate of translation was found using the following procedure:
1. Rotated the lifeboat to its proper entry position while still submerged in water.
2. Ran the simulation and observed from the DECICE output file, at the initial state
(i.e. time 0.00 s), the global z-coordinate of the lowest node below the water line
(i.e. largest negative value).
3. The distance found in 2. is the z-component of translation required to bring the
life boat just out of the water.

Therefore the MOVE-ELEM card is:

MOVE-ELEM

1 0 1 0 0

0.00E+00 0.00E+00 1.003303E+00
0.00E+00 0.00E+00 0.00E+00
-2.1920E+00 5.5892E-01 1.9899E+01
0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00
1.00E+00

5.5 VELOC-DEFN Card

The VELOC-DEFN Card was added to input the initial velocities (both orthographic and
angular) of the Conventional Lifeboat just before it enters the water after a launch. This
card takes velocities defined in global coordinates, which are taken directly from the vG
and omega matrices.

The VELOC-DEFN card requires 11 parameters:

Global element number — There is only the lifeboat (element 1) => "1”
Global zone number — Not applicable => “0".

Velocity in global x-direction — vG(294,1) (m/s) => “2.1360E+00”
Velocity in global y-direction — vG(294,2) (m/s) => “2.5319E-01"

PwpNdPE
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Velocity in global z-direction — vG(294,3) (m/s) => “-3.4487E+00”

Angular Velocity about global x-axis — omega(294,1) (rad/s)=>" -9.4951E-02"
Angular Velocity about global y-axis — omega(294,2) (rad/s)=>" 3.0997E-03"
Angular Velocity about global z-axis — omega(294,3) (rad/s)=>"-4.8843E-02"
Global x-coordinate of application — See **Note => “0”

10 Global y-coordinate of application — See **Note => “0”

11.Global z-coordinate of application — See **Note => “0”

©oNOO

Therefore the VELOC-DEFN card is:

VELOC-DEFN

1 0

2.1360E+00 2.5319E-01 -3.4487E+00
-9.4951E-02 3.0997E-03 -4.8843E-02
0 0 0

*NOTE: DECICE applies the velocities to a user-defined point on the element, but if
the global coordinates of application are set to “0”, then DECICE applies the velocities
to the centroid of the element by default.

5.6 Discussion

The numerical model of the NLBM launch was successful and is ready to be introduced
into other, more involved simulations, including those involving pack ice.
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6.0 CONCLUSION

The numerical model for Phase 1 testing is nearly complete. Upon completion of the
“Fine Tuning” the model will be ready to reproduce the Phasel physical tests and
results — and will be ready to model future, untested scenarios.

Running the inter-stiffness variance tests and generating the Inter-stiffness vs.
Resistance plots should be the major step toward completion of the “Fine Tuning”.

7.0 RECOMMENDATIONS

DECICE does not have the capability to implement bi-linear inter-stiffness values. In
some instances, it may be possible for the ice to reach a stress level where it begins to
crush. This crushing is associated with an inter-stiffness value that is less than the
inter-stiffness associated with ice interaction where crushing is not present. Bi-linear
inter-stiffness implementation would significantly improve ice modeling in DECICE.

N

Stress

Threshold Strain

7

Strain

Figure 9. Example Bi-linear inter-stiffness.
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TESS2D USER’S GUIDE — MAKING PACK ICE FOR USE WITH DECICE

Tess2D can be used to produce pack ice sheets for use in simulations run with
DECICE.

“Tess2D_AXP.EXE” is the name of the program. It runs on a VMS operating system
and requires a terminal window that is open to either MICKEY or PLUTO.

“Tess2D_AXP.EXE” can either be called by a COMMAND file (*.COM) that includes all
of the inputs required for Tess2D to create a pack ice sheet, or it can be run directly
from a VMS command prompt — in which case the user will be prompted for inputs.

Some problems exist within the Tess2D program such that inputs do not become
outputs. What this means is that if you are looking for a pack ice sheet that is 6/10
concentration, with an average floe size of 5.0 m?, that is contained within an area
defined by (x1, y1) = (15,-10), (x2, y2) = (80, 10) — you will probably end up with a pack
ice sheet that is 5/10 concentration, with an average floe size of 4.5 m?, that is
contained within an area defined by (x1, y1) = (15.01,-10.25), (x2, y2) = (79.97, 9.65).
Notice that not only are the inputs reduced, but Tess2D also narrows the width of the
ice sheet (y2 - y1 should be 20 m but is 19.9 m) and translates the generated ice pieces
outside the y1, y2 boundaries (usually only outside y1). This necessitates that the use
of Tess2D be a trial and error process with the outputs closely monitored for error.

To help with the iterations | have created a helper spreadsheet called “Tess2D Iteration
Helper.xls”. The spreadsheet is not for use while running Tess2d - it is for use with the
outputs from each time Tess2D is run. Its use will be explained throughout the report.

| will start with an explanation of running Tess2D from a command prompt to illustrate
the inputs that will be required for running it from a COMMAND file.

To start:
1. Set the default directory to the directory you would like the output files to be
stored in.
$ SET DEF DISK$PROJECT:[PJ012345.PACK _ICE]
or

$ CD DISK$PROJECT:[PJ012345.PACK_ICE]
2. Then start Tess2D from whatever directory it is contained in (e.g. TESS_DIR).
$ R DISK$PROJECT:[PJ012345.TESS_DIR]JTESS2D_AXP

3. You will be prompted to input the following:
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a. Ice sheet area — Tess2D requires that a rectangle be defined by inputting
its lower left corner (x1,y1) coordinates and its upper right corner (x2,y2)
coordinates. The points (15, -10) and (80, 10) will be used for illustration.
These points yield an initial ice sheet area of 1300 m?.

|
¥ (80.100)

x

(15,-10)
I

Figure 10. Ice Sheet Area including lower left and upper right coordinate point definitions.

Tess2D asks:
Please enter coordinates for field lower left corner(x,y): 15,-10
Now enter coordinates for field upper right corner(x,y): 80,10

PLEASE NOTE: Tess2D narrows the width (y2 — y1) of the original inputs,
therefore the input width may have to be widened (augmented) by 1 or 2 to
obtain the target width. For example if you want to create a pack ice sheet that is
50 m wide, you might try (y1, y2) = (-25, 25) and find that the output width is only
48.75 m, you could then try (y1, y2) = (-25, 27). If the output is too wide try (-
25,26). Itis an iterative process.

To find the actual ice sheet width, open the filename.dat file produced by Tess2D
in NOTEPAD and copy ONLY the nodal coordinates (i.e. stop at RIGID-ELEM)
into the cell A3 on the “Helper” worksheet of “Tess2D Iteration Helper.xls”. You
may have to click “Data” — “Text to Columns” — “Deliminated” — “Space
Deliminated” if the data appears to be all in the A column. The result will be
displayed in the “Actual Ice Sheet Width” cell. You can also enter the target y1
and y2 coordinates in the blue cells provided. Doing so will tell you if all the ice
floes are within the target area, and there offset error from the edge of the target
area.

PLEASE NOTE: Tess2D translates all the ice floes outside the boundaries you
define. By pasting only the NODAL-COORD section of the flename.DAT
Tess2D output file in cell A3 of the “Helper” worksheet of “Tess2D Iteration
Helper.xIs” (see above), and entering the floe “Freeboard” and “Draft” (draft has
to be a negative number) in five significant figures in the cells provided, the
corrected NODAL-COORD data will be displayed in Yellow on the left-hand side
of the worksheet.
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b. Pack ice concentration — This is an initial value and will be substantially
reduced in the Tess2D output, therefore this value should be inflated. A
good start would be to inflate by 10 (i.e. if looking for 6/10 enter 70%).

Enter desired ice concentration: (%) 99.9

PLEASE NOTE: If you widen (augment) the width of the ice sheet in Tess2D to
obtain a target final width, the final ice floe concentration (%) will be based on the
augmented input area. The actual ice floe concentration will have to be
recalculated. To recalculate, you can open the flename.AREAS output file in
NOTEPAD and copy the data into the “Final Ice Floe Concentration” worksheet
of “Tess2D Iteration Helper.xls”. You may have to click “Data” — “Text to
Columns” — “Deliminated” — “Space Deliminated” if the data appears to be all in
the A column. Then enter the coordinates of the target area in the blue cells
provided. The “actual concentration” displayed will be greater than that shown in
the Tess2D filename.DAT output.

C. Next you will be given a list of commands followed by a Tess2D command
prompt “TESS2D>".

Commands:

g: to quit program.

e: expand the area and generate DECICE input.

w: write out points and vertices.

a: add a single point to the current tesselation.

r: add randomly generated points in your defined box.
I: list out the neighbor relationships.

p: plot current tesselation.

c: clear current tesselation.

Choose “r’ allow Tess2D to randomly generate the initial ice floe nodes.

TESS2D>r
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You will now be given a choice to enter the desired number of ice floes in
the pack ice sheet or to enter the mean ice floe area (m?). | will proceed
with choosing “A” — Enter mean floe Area. As with other user input, this
value will be less than entered in the final output. Start with an initial
guess that is higher than your target value.

Do you wish to

N. Enter Number of floes, or,
A. Enter mean floe Area?

a

Mean desired floe area(m”2)? 8.8
Tess2D then echoes an initial guess of the number of floes generated.
Initial Number of Floes: 214
You will be prompted for an “Integer Seed” input. Tess2D uses this
number to “break” the solid ice sheet up and generate ice floes. |
recommend always entering this number as “123”. It is one less variable
to worry about and will not affect the outcome greatly.

Integer seed: 123

Creating Points...
Inserting Points...

You will now be returned to the Tess2D command prompt “TESS2D>".
Commands:

g: to quit program.

e: expand the area and generate DECICE input.

w: write out points and vertices.

a: add a single point to the current tesselation.

r: add randomly generated points in your defined box.
I: list out the neighbor relationships.

p: plot current tesselation.

c: clear current tesselation.

In order to transform the current tessellation into a format DECICE can
use, choose the option “E” — expand the area and generate DECICE input.

TESS2D> e
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You will now be prompted to enter tolerances for "intersection angle” (in
degrees), “short side cutoff’( %), and “area cutoff ratio” (%).

Enter tolerence for intersection angle(deg): 20
Enter tolerence for short side cutoff(%): 20
Enter minimum area cutoff ratio(%) 20

Tess2D now asks you whether you would like to generate 2D or 3D
elements. | will proceed by choosing option “3” to generate 3D rigid
elements. NOTE: The spread sheet “Model Ice conversion 2.0.XLS” (S.
Henley) is designed to transform these rigid elements into semi-
deformable finite elements. Instructions for the use of this spreadsheet
are provided in “Model Ice Conversion User Guide.DOC” (S. Henley).

Would you like
1 2-D Rigid motion elements
2 Non-rigid elastic elements
3 3-D Rigid motion elements

Choose 1 or 3; 3

You will now be asked to enter the maximum number of ice floes that can
have more than four sides.

Enter the maximum possible number of pieces with more
than four sides for this problem.
0

You will now be asked to enter the filename that the output files
(filename.DAT and filename.AREAS) will be saved under.

Please enter the filename areas/cards: RUN_75

Tess2D will now echo the final pack ice sheet information. Please note
that the final concentration listed here will under estimate the actual
concentration if you augmented the width of the ice sheet (y1 and y2) in
step a.

Number of Floes: 194

Total Area of Floes: 1495.60
Final Concentration: 79.34
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You will now be prompted to enter the ice “Freeboard”, which is the height
of ice above the water line, followed by “Ice Depth” which is the height of
ice below the water line. NOTE: Ice Depth MUST be a negative number if
the water line is at elevation=0. An important point to note here is that no
matter how many significant figures you input, Tess2D will only output
numbers up to 3 decimal places. You can enter the “Freeboard” and “Ice
Depth” in the blue cells provided in the “Tess2D Iteration Helper.XLS”
spreadsheet. This will replace these parameters in the corrected NODAL-
COORD data provided on the left side of the screen.

Freeboard = {1 — ﬂ} * lceThickness (1)
pwater
Icedepth = _Pie_* |ceThickness (2)
pwater

Enter ice freeboard: 0.047233
Enter ice depth(below datum): -0.34277

Next you will be prompted to enter the maximum slope of the ice edge.
Enter max. slope of ice edge(deg): 0

You will then be prompted to enter the DECICE element number of the
first ice floe.

Enter start piece ID: 2
You will then be asked for the ice density (pice)-
Enter the mass per unit area of the ice (kg/m”3): 881
You will then be asked if you would like to add added mass coefficients for
the ice floes. Note: for still ice in calm water there is no initial added
mass. DECICE will calculate the added mass for the ice if it moves.
Would you like to enter the added mass coefficients?[N] n
Tess2D will then echo some numbers and then display another Tess2D
command prompt “TESS2D>". The tessellation and generation of
DECICE output is now complete. You can select "P” to plot the pack ice

sheet or select “Q” to quit the program.

-2.983803 2.983803 -1.000000
-2.397873 2.397874  -0.9999994
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-8.134010 8.134015 ...
5.445704  -1.000001
-4.242256 4.242261 -0.9999987

Commands:

g: to quit program.

e: expand the area and generate DECICE input.

w: write out points and vertices.

a: add a single point to the current tesselation.

r: add randomly generated points in your defined box.
I: list out the neighbor relationships.

p: plot current tesselation.

c: clear current tesselation.

TESS2D> q
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It is possible to automate the above process by creating a COMMAND containing the
desired inputs. Doing so facilitates the iteration process of attaining the target outputs.

A sample COMMAND file is presented here with comments denoted by “!” preceding
them.

This COMMAND file represents the final iteration in generating a pack ice sheet of 7/10
concentration and 43.957 m? average floe area contained within a 65*50 m? water
surface area.

$ CD DISK$PROJECT:[PJ012345.PACK_ICE] I set default directory
$ R DISK$PROJECT:[PJ012345.TESS DIR]JTESS2D_AXP ! start Tess2D

15,50 I' (x1,y1) of water surface area (initial offset of 75, y1 suppose to be —25)
80,101 I (x2, y2) of water surface area (augmentation of +1 (101 - 50 = 50 + 1))
88.0 l'inflated concentration guess (target = 70%)

r I choose randomly generated nodal coordinates

a I choose to input avg. floe area

52.0 linflated guess of avg. floe area (target = 43.957)

123 linteger seed

e I choose to create DECICE output

20 I "intersection angle” (in degrees)

20 I “short side cutoff”(%)

20 I “area cutoff ratio” (%)

3 I choose to create 3D rigid element ice floes

0 I maximum number of pieces with >4 sides

T125L70

0.05098 I'ice freeboard

-0.31302 I'ice depth (draft) (negative if water elevation = 0)

0 I maximum slope of ice edge in degrees

2 I DECICE element ID of first ice floe

862 l'ice density (oice)

n I choose not to enter added mass coefficients for ice floes

o} I quit Tess2D

PLEASE NOTE: T123L70 is the output file name. Tess2D does not accept comments
(i.e. ! comment) after this entry in the COMMAND file.

A-9



A-10



APPENDIX B - MODEL ICE CONVERSION USER’S GUIDE






Model Ice Conversion User’s Guide

Author:
S. Henley

B-1



Model Ice Conversion User’s Guide

Model Ice conversion is a simple Excel workbook designed to convert the output of the
program TESS into a format that is more compatible to DECICE. The steps required to
make this conversion are as follows:

Open the *.DAT file obtained from TESS Using WordPad
Copy this data into column A of Excel spreadsheet labeled ‘Input’

Select column A and click Data—Text to Columns, which will open the Convert Text
to Columns Wizard:

> In step 1, choose Delimited as the Original data type,

» In step 2, choose the Space Delimiter,

» Select Finish

Scroll down to the beginning of the RIGID-CONNEC command, highlight all of the
data until you reach the MOTION-ELEM command, and press copy
> Note: only copy the data. Do not copy the Command text or the empty cells

Select cell A3 of the spreadsheet Labeled ‘Conversion 2.0’, and paste the copied
data

Highlight cells G3 to P3 and drag the Fill Handle (small black square on the lower

right corner of highlighted cells) down to the last row of data

» Note: This previous step only converts the RIGID-CONNEC code into ELEM-
CONNEC for 6-noded wedge elements and 8-noded cuboids.

Scroll through the newly created code:

> If, instead of seeing the word “Code” in column G, you see the word "12-node”,
go to the ‘Formula’ spreadsheet, copy the book-ended cells labeled “12-node
only”, and paste the cells into the affected area

» If the code in columns | to P display an error, and column J displays the message
“10-node”, go to the ‘Formula’ spreadsheet, copy the book-ended cells labeled
“10-node only”, and paste the cells into the affected area

> Note: 10-noded elements are really just a wedge and a cuboid that share a
common face, while 12-noded elements are two cuboids that share a common
face

Once all of the data is verified, go to the spreadsheet labeled ‘ELEM-CONNEC Out’:

> Select the blue filter arrow next to cell D3

» In the menu that appears, select (Custom...)

> In the Custom AutoFilter window, the data shown should say “Show rows where
‘2" is greater than or equal to 0.” Select OK.
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This will remove the empty rows that exist in the conversion spreadsheet. This ELEM-
CONNEC DECICE code is now ready to be copied into the simulation *.DAT file.

If the new code only contains 6 or 8-noded elements, no further steps are necessary.
However, if any 10 or 12-noded elements exist, it is required that these elements exist
in a locked zone. To create the DECICE code that performs this locking, perform the
following:

e For each 10-node and 12-node element, record the nodes that make up that
element

e Copy the corresponding nodal geometry data from the NODAL-COORD section of
the ‘Input’ spreadsheet, an paste this data into the zero matrix located in the ‘ZONE-
DEFN’ spreadsheet
» Note: 12 of these zero matrices are already set up for use. If the data requires

more, just copy the last matrix/formula cells

e The ZONE-DEFN columns should automatically update with the new code required
for DECICE

e Once all of the data is verified, go to the spreadsheet labeled ‘ZONE-DEFN Out’:
» Select the blue filter arrow next to cell B3
> In the menu that appears, select (Custom...)
» In the Custom AutoFilter window, the data shown should say “Show rows where
‘1’ does not equal 0.” Select OK.

This will remove the empty rows that exist in the ‘ZONE-DEFN’ spreadsheet. The

applicable ZONE-DEFN DECICE code is now ready to be copied into the simulation
* DAT file.
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APPENDIX C - INITIAL TEST RESULT PLOTS AND GEOMETRIES
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Figure 13. H50_C7_S3b results.
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Appendix C - 6
H50 C7_S6b — No Results
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APPENDIX D - FURTHER TEST RESULT PLOTS AND GEOMETRIES






. d

Appendix D -1

HoB+Cy+EE+HD! Conweentlional LIFE Boat Pae
Intarpoletad InteretIFF From Elb ond 52b

-

P
i

-l

Vehotily (s}
tn

=
i

Forca (M)

= 4 ."h.‘l- '.'l"
t’? .“.3- "

':""'"ﬂuﬂ

}_‘ I..—..

‘——{-,pr; T 6
'
1.?...-!5.5 ‘.rr f

Y

:.ﬂl‘lh‘. wfi

Vaboely vs. Time

[] TIHE CSECS] 45.4@

DIREMSION (FD

2703

[

-l

Figure 16. H50_C7_S8b results.

D-1

3 1 1 1 1 1 1
[l 1 1 1 1 1 t
0 L] 15 o1 h an 45 &0
Timwa {5}
" m“ Forca va. Tima
1 1 1 1 1 1 1
llll'_lr
-1 -
o .
-ak -
-4 1 1 1 1 1 1
0 L] 15 o1 h an 45 &0
Timwa {5}



Appendix D — 2

e HEGA+CY+512+B! Conventlional LIFa Boot Re
i Intarpolotad Interet | PP usFORCE-DEFH
= TIHE (SECS] S5Z.06
DIHEWSIDN (M2
1 T T T ot o Al L0
OSSR A T AN
A e oy s
plaises v W L
AN T TR
,aﬁ Y,
"B 273,
wakely vs. Tima
L T T T T T T
sl .
w45 _
E
g 4 i
;'3; ast _
ar -
o5 L ' : ' : :
0 =0 -1 &0 a0 100 120 140
Tima {5}
%1 ﬂ-l Fanta va. Tima
e
] .
—— [I 7]
=
§ -1 ]
L=
L
o -
-3 -
-4 1 1 1 1 1 1
0 =0 -1 &0 a0 100 120 140

Tima {5}
Figure 17. H50_C7S12b results.

D-2



APPENDIX E — MOVE-ELEM CARD NOTES






Further notes on using the MOVE-ELEM card to apply rotation to an element:
Global Rotation

Global rotation is performed about a set of axes parallel to the global axes and located
at an origin specified in global coordinates.

The location of the global rotation origin affects only displacement from the global
coordinate origin; it has no affect on the final orientation of the element.

The order of global rotation angles is important. DECICE applies rotation about the
global x-axis first, followed by rotation about the global y-axis, followed by rotation about
the global z-axis. This rule applies to parameters 12, 13, and 14 (global angle of
rotation about n-axis parameters.

Local Rotation

Local rotation occurs about a set of axes parallel to the global axes and located at the
centre of mass of each element (not the local axis).

The location of the local axes has no effect on element orientation after rotation.

The order of local rotation angles is important. DECICE applies rotation about the
global x-axis first, followed by rotation about the global y-axis, followed by rotation about
the global z-axis. This rule applies to parameters 15, 16, and 17 (global angle of
rotation about n-axis parameters.
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APPENDIX F — ANALYZING DECICE HISTORY FILES






Appendix F-1 - Algorithm for converting DECICE History Files

This page outlines the procedure necessary for converting DECICE history
(FILENAME.HST) files into a useable Excel Spreadsheet (illustrated with examples).
As of version 2 (hst_conv_bq_v2.m), this procedure only works for *.hst files created
with the HISTORY-COMBO parameters 1 111111 1 (see additum).

e DECICE history files are corrupted by ftp transfer so they must be analyzed using
HST_CONV_MLAU.EXE. To do this:

e from a VMS prompt copy the FILENAME.HST file into the directory containing
HST_CONV_MLAU.EXE

$ copy disk$project:[pj042053.test]test. HST disk$project:[pj042053.HST_conv]

e then analyze it using HST_CONV_MLAU.EXE, it will prompt you for the
FILENAME, just enter FILENAME without the ending (.HST).

$ run HST_CONV_MLAU
Enter history file specification: FILENAME

e This will produce 12 files called TAPE12.DAT, and TAPE 61.DAT to
TAPE71.DAT. These files are in ASCII format and are safe for “ASCII
transfer” via ftp.

o Transfer the 12 TAPE files to a directory on your computer using whatever
method available.

Copy the hst_conv_bqg_v3.m file into the same directory.

Start Matlab

Type hst_conv_bq_v3 at the Matlab prompt

> hst_conv_bq_v3

e You can now choose whether to create an Excel Spread in the working directory
or not. If you would like to create one, choose a filename, but DO NOT type
“.xIs” at the end of the filename.

> Please enter the output filename: output

e You can now choose whether to save the Matlab Session or not. If you chose to
create an Excel Spreadsheet, the Matlab session will be saved with the same
filename (as a *.mat file). If you did not create a spreadsheet, you will be
prompted for a filename.

e Please note: if you choose to save either an Excel spreadsheet or the Matlab
session, you will not be prompted to enter filenames for other outputs. They will
be saved with the same filename.
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e You can now choose to plot x-velocity and x-force graphs or not. If you choose
‘n/N’, the program will exit.

e After you plot the graphs, you will be asked whether to generate statistics (min,
max, mean) or not. If you choose ‘n/N’, the program exits.

e If you chose to generate statistics, you will be asked to enter an integer
specifying the number of segments you would like to generate statistics for. You
can enter this number and then use the mouse to select the start and end times
on the graph for each segment. The resulting statistics for each segment will be
output on the screen.

e You will now be asked whether you would like to output a file containing the
statistics. If you choose ‘n/N’, the program exits. If you choose ‘'y/Y’, you may be
prompted for a filename. Once again, do not add an extension to the filename as
it will be saved as an ASCII “filename.STAT” file.

e If you chose to plot a graph, you will be asked whether you would like to save the
graph as a postscript file. If you choose ‘y/Y’, you may be prompted for a
filename and the graph will be saved in the working directory. The program will
then exit.

e When the program exits, if you chose to create a spreadsheet, you will see
“Warnings” appear but as long as they are not in a red font it is okay. Matlab is
just telling you that it is updating the Excel spreadsheet.

Summary

At a VMS prompt analyze the .HST file with HST_CONV_MLAU. Copy the TAPE files
to your computer and analyze them again with HST_CONV_BQ in Matlab to produce
the Excel spreadsheet and a Matlab session file containing the information in the
original DECICE history file. You can also generate statistics for segments and save
them in an ASCII *.stat file.

Additum:

The Keyword HISTRY-COMBO determines the data and (their order) output to the
* HST file. For example, if the program is directed to output all 6 available parameters,
the order will be as followed:

Input:
HISTORY-COMBO
1111111

Output:

Time — tape61(1)

Velocity — tape62(1-6)

Strain rate — tape62(7,8) & tape63(1-7)
Force — tape63(8) & tape64(1,5)
Stress - tape64(6-8) & tape65(1-6)
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Space holder ? — tape(7,8)

Momentum — tape66(1-6)

Energy (PE,KE,SE,SE(B),TE) — tape66(7,8) & tape67(1-3)
Place holder — tape67(4-8) — tape71(1-8)

e.g.
If HISTORY-COMBO is input as:

HISTORY-COMBO
1100001

Then Output is:

Time — tape61(1)

Velocity — tape62(1-6)

Momentum — tape63(1-6)

Energy (PE,KE,SE,SE(B),TE) — tape63(7,8) & tape64(1-3)

This Matlab script is only able to accept data produced by DECICE when the HISTORY-
COMBOcardis“1111111".
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Appendix F-2 — Matlab Script for HST_CONV_BQ _V3 2.M

% This program imports the TAPE files produced by HST_CONV_MLAU.EXE and
% exports an Excel spreadsheet and a Matlab session file containing the

% same data. It also allows interactive time segment selection of

% x-velocity and x-force for statistics output. A hard copy of these

% graphs in .PS format is also an option.

clear all
close all
clc

%

check = 1;
while check ==
flagl = input("'Would you like to write an .xls file containing this data? (y/n)', 's");

if flagl =="'y' || flagl =="Y"
s = input('Please enter the output filename: ', 's");
fname = strcat(s,".xIs");
check = 2;

elseif flagl =='n"|| flagl =="'N’
check = 2;

else
check =1,

end

end

% Get user input --> Save Matlab Session?



while check ==
flag2 = input(\nWould you like to write an .mat file containing this data? (y/n)', 's");

if (flag2 =="y" || flag2 =="Y") && (flagl =="y" || flagl =="Y")
S=S§;
check = 3;
elseif (flag2 =="'y' || flag2 =="'Y") && (flagl =='n" || flagl =='N")
s = input('\nPlease enter the .mat output filename: ', 's’);
check = 3;
elseif flag2 =='n" || flag2 == "N
check = 3;
else
check2 = 2;
end
end

%

%

[vX,vy,vz,vrx,vry,vrz,strain_xx,strain_yy] = textread('tape62.dat’, '%10f %10f %10f %10f
%210f %10f %10f %10f',-1);

%



[strain_rate zz,strain_rate_xy,strain_rate yz,strain_rate_zx,strain_rate_bend_LL,strain_
rate_bend_ MM,strain_rate_bend_LM,Fx] = textread('tape63.dat’, '%10f %10f %10f
%210f %10f %10f %10f %10f',-1);

%

[Fy,Fz,Mx,My,Mz,stress_xx,stress_yy,stress_zz] = textread('tape64.dat’, '%10f %10f
%210f %10f %10f %10f %10f %10f',-1);

%

[stress_tau_xy,stress_tau_yz,stress tau_zx,stress_bend LL,stress bend MM,stress b
end_LM,qg,h] = textread('tape65.dat’, '%10f %10f %10f %10f %10f %10f %10f %10f',-1);
cleargh

%

[X_global_momentum,y_global_momentum,z_global_momentum,x_global_ang_momen
tum,y_global_ang_momentum,z_global_ang_momentum,global_potential_energy,globa
|_kenetic_energy] = textread(‘tape66.dat’, '%10f %10f %10f %10f %10f %10f %10f
%10f',-1);

%

[global_volumetric_strain_energy,global_bending_strain_energy,global_total _energy,d,
e,f,g,h] = textread(‘tape67.dat’, '%10f %10f %10f %10f %10f %10f %10f %10f',-1);



cleardefgh

%

%10f'-1);

%

%10f'-1);

%

%10f'-1);

%

%10f'-1);

% Get user input --> Plot x-veloc & x-force?



check = 20;
while check == 20
flag3 = input(\nWould you like to plot x-velocity and x-force? (y/n)', 's");
if flag3 =="y' || flag3 =="Y"
figure(1)
subplot(2,1,1)
plot(time,vx)
xlabel('Time (s)")
ylabel('Velocity (m/s)’)
title('Velocity vs. Time")

subplot(2,1,2)
plot(time,Fx)
xlabel('Time (s)")
ylabel('Force (N)")
title('Force vs. Time')

check = 21;

elseif flag3 =='n"|| flag3 =='N’
check = 21;

else
check = 20;

end

end

%

if flag3 =="y' || flag3 =="Y"
check = 30;
while check == 30
flag4 = input(\nWould you like to generate statistics for x-velocity and x-force?
(y/n), 's’);
if flagd =="y' || flag4 =="Y"
numstat = input(\nHow many segments would you like to produce statistics for?

for k=1:numstat
fprintf(1, \nPlease select segment %2.0g using the mouse:\n', k)
[X,y]=ginput(2); % Mouse Input



[1112] = find (time<x(1)); % Find matrix coords of mouse selection
x(1)= max(I1); % Find matrix coords of mouse selection
[J1 J2] = find (time>x(2)); % Find matrix coords of mouse selection
X(2)= min(J1); % Find matrix coords of mouse selection
vx_sel = vx(x(1):x(2)); % Apply mouse selection to x-velocity
Fx_sel = Fx(x(1):x(2)); % Apply mouse selection to x-force
time_sel = time(x(1):x(2)); % Apply mouse selection to time
time_low(k) = min(time_sel); % Record Start Time
time_high(k) = max(time_sel); % Record End Time
vx_sel_min(k) = min(vx_sel); % Get statistics
vx_sel_max(k) = max(vx_sel); % Get statistics
vx_sel_mean(k) = mean(vx_sel); % Get statistics
Fx_sel_min(k) = min(Fx_sel); % Get statistics
Fx_sel_max(k) = max(Fx_sel); % Get statistics
Fx_sel_mean(k) = mean(Fx_sel); % Get statistics

end

fprintf(1,\nSegment Start Time End Time vx_min vx_max vx_mean
Fx_min  Fx_max Fx_mean’)

for n=1:numstat

fprintf(1,"\n%-10.0g %-12.3g %-10.3g %-10.3g %-10.3g %-10.3g %-10.3g %-

10.3g %-10.3g', n, time_low(n), time_high(n), vx_sel_min(n), vx_sel_max(n),
vx_sel_mean(n), Fx_sel_min(n), Fx_sel_max(n), Fx_sel_mean(n))

end

fprintf(1,\n")

flag5 = input(\nWould you like to print these statistics to a *.STAT file? (y/n)",'s');
check2 = 40;
while check2 == 40
if (flagb =="y" || flagb =="Y") && (flagl =='n"|| flagl == 'N’) && (flag2 =='n" ||
flag2 =='N’)
stat_name = input('Please enter a filename: ', 's");
fname2 = strcat(stat_name,'.stat’);
fopen(fname2, 'w');
fprintf(3,'Segment  Start Time End Time vx_min vx_max vx_mean
Fx_min  Fx_max Fx_mean’;
for m=1:numstat
fprintf(3,\n%-10.0g %-12.3g %-10.3g %-10.3g %-10.3g %-10.3g %-
10.3g %-10.3g %-10.3g', m, time_low(m), time_high(m), vx_sel_min(m),
vx_sel_max(m), vx_sel_mean(m), Fx_sel_min(m), Fx_sel_max(m), Fx_sel_mean(m));



end
fprintf(3,\n");
fclose(3);
check2 =41,
elseif (flags =="y' || flag5 =="Y") && ((flagl =="y' || flagl =="Y") || (flag2 ==y’
|l flag2 =="Y"))
fname2 = strcat(s, '.stat');
fopen(fname2, 'w');
fprintf(3,'Segment  Start Time End Time vx_min vx_max vx_mean
Fx_min  Fx_max Fx_mean’;
for m=1:numstat
fprintf(3,\n%-10.0g %-12.3g %-10.3g %-10.3g %-10.3g %-10.3g %-
10.3g %-10.3g %-10.3g', m, time_low(m), time_high(m), vx_sel_min(m),
vx_sel_max(m), vx_sel_mean(m), Fx_sel_min(m), Fx_sel_max(m), Fx_sel_mean(m));
end
fprintf(3,\n");
fclose(3);
check2 =41,
elseif flags =='n" || flag5 == "N
check2 =41,
else
check2 = 40;
end
end
check = 31;
elseif flag4 =='n"|| flag4d =='N’
check = 31,
else
check = 30;
end
end

%

if flag3 =="y' || flag3 =="Y"
check3 = 20;
while check3 == 20
flag6 = input(\nWould you like to save Figure 1 to a *.PS file? (y/n)", 's');
if (flag6 =="y' || flag6 =="Y") && (flagl =='n"|| flagl == 'N') && (flag2 =="'n" || flag2
== 'N')



fig_name = input (\nPlease enter a filename: ', 's’);
fig_name=strcat(fig_name, '.ps");
print ('-f1', '-dpsc’, fig_name)
check3 = 21;

elseif (flagé =="y' || flag6 =="Y") && ((flagl =="y' || flagl =="Y") || (flag2 =="y' ||

flag2 =="Y")

fig_name=strcat(s, '.ps");
print ('-f1', '-dpsc’, fig_name)
check3 = 21;

elseif flag6 == 'n" || flagé == 'N’
check3 = 21;

else
check3 = 20;

end

end

%

if flag2 =="y' || flag2 =="Y"
save(s)

else

end

%

if flagl =="y' || flagl =="Y"
xlswrite(fname, vx, 'x velocity');
xlswrite(fname, vy, 'y velocity');
xlswrite(fname, vz, 'z velocity');
xlswrite(fname, vrx, 'x rot velocity');
xlswrite(fname, vry, 'y rot velocity');
xlswrite(fname, vrz, 'z rot velocity');
xlswrite(fname, strain_xx, 'Strain XX");
xlswrite(fname, strain_yy, 'Strain YY");
xlswrite(fname, strain_rate_zz, 'Strain Rate ZZ");



xlswrite(fname, strain_rate_xy, 'Strain Rate XY");
xlswrite(fname, strain_rate_yz, 'Strain Rate YZ');
xlswrite(fname, strain_rate_zx, 'Strain Rate ZX');
xlswrite(fname, strain_rate_bend_LL, 'Str Rate Bend LL");
xlswrite(fname, strain_rate_bend_MM, 'Str Rate Bend MM);
xlswrite(fname, strain_rate_bend_LM, 'Str Rate Bend LM");
xlswrite(fname, Fx, 'Fx);
xlswrite(fname, Fy, 'Fy";
xlswrite(fname, Fz, 'Fz");
xlswrite(fname, Mx, 'Mx");
xlswrite(fname, My, 'My');
xlswrite(fname, Mz, 'Mz");
xlswrite(fname, stress_xx, 'Stress XX");
xlswrite(fname, stress_yy, 'Stress YY');
xlswrite(fname, stress_zz, 'Stress ZZ");,
xlswrite(fname, stress_tau_xy, 'Stress Tau XY");
xlswrite(fname, stress_tau_yz, 'Stress Tau YZ);
xlswrite(fname, stress_tau_zx, 'Stress Tau ZXY);
xlswrite(fname, stress_bend_LL, 'Stress Bend LL");
xlswrite(fname, stress_bend MM, 'Stress Bend MM");
xlswrite(fname, stress_bend_LM, 'Stress Bend LM’);
xlswrite(fname, x_global_momentum, 'x Momentum’);
xlswrite(fname, y_global_momentum, 'y Momentum);
xlswrite(fname, z_global_momentum, 'z Momentum’);
xlswrite(fname, x_global_ang_momentum, 'x Ang Momentum’);
xlswrite(fname, y_global_ang_momentum, 'y Ang Momentum’);
xlswrite(fname, z_global_ang_momentum, 'z Ang Momentum’);
xlswrite(fname, global_potential_energy, 'PE");
xlswrite(fname, global_kenetic_energy, 'KE');
xlswrite(fname, global_volumetric_strain_energy, 'Strain E (Vol)');
xlswrite(fname, global_bending_strain_energy, 'Strain E (Bend)";
xlswrite(fname, global_total_energy, 'Total Energy";

end

%

clear flagl flag2 flag3 flag4 flag5 flagé check check2 check3 s fname fname2 k m n
numstat stat_ name x y

clear vx_sel vx_sel_min vx_sel _max vx_sel mean Fx_sel Fx_sel _min Fx_sel max
Fx_sel_mean time_sel

clear 11 12 J1 J2 time_low time_high fig_name



