offshore pipeline ice study Summer 2002

Sakhalin Energy Investment Company (SE) - TUDelft.

Tests in week 29 + 30

In total 15 tests have been carried out, following the program sent to you by Wout Broere.  

Images are shown of the beginning and the end of each test; the load displacement diagram and the digitized displacement of the markers.

Test 1 - 9 could be carried out without any problem concerning the loading system. Test 10, however, was close to the limit of the maximum available horizontal force. This test (also 11 and 12)  will be carried out with a smaller model at a higher g level.   

In order to examine the reproducebility test 1b,2b,2c,3b,7b an 10b are duplo tests. Test 16 has been carried out to visualize the effect of the width of the model.

Preparation

The models are prepared by pouring the sand from a height of 200 mm, by hand (the sand was to fine for using the automated sand pouring machine). Glass pearls with a diameter of 3 mm were used as markers. The pearls were glued to the transparant wall by a dot of vaseline.  

After pouring the sand the model iceberg was placed at the desired depth. A photograph is made of the model box with a film camera, before and at the end of the test. Next the sand box is placed in the centrifuge and the loading system is attached to the iceberg.

Observation

Two video camera's are used to observe the glass pearls through the transparent wall. One camera shows an overall view (accuracy 0.3mm), where the second camera is focussed on a smaller area ( accuracy 0.1 mm). The camera's are connected to two image processing stations. During a test an image was captures after a horizontal displacement of 10 mm of the iceberg.  The coordinates of the markers are determined. 

One of the video cameras is connected to a video recorder.   

Test procedure

Centrifuge is brought to the desired g level. When reached an image of the initial stage is captured. Computer program of loading system is started. The model iceberg is lifted up somewhat to determine the own weight at the actual g level. Next a low vertical load (50N) is applied to bring the model in contact with the sand.  Start and adjust image processing stations. Start video recorder. Start horizontal displacement. During horizontal displacement after each 10 mm an image is elaborated. Total displacement 80 mm.

At end of test an image is captured..  

An example of the load displacement diagram is shown in Fig. 1.  In Fig. 2 an example of the displacement field is visualized.  
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Fig.1 Example of load displacement diagram.
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Fig.2 Example of displacement field.

Calibration

X direction  1 pixel = 0.43 mm

Y direction  1 pixel = 0.27 mm

Digital registration

Several files are generated to store digital data measured during the test. The following file names are present:

ice##a                 load and displacement during the test

ice##a.bmp         graphical presentation load/displacement

ice##a.tim           digitized pixel number markers

ice##ad.bmp       graphical presentation displacements markers 

ice##aa.tif          video exposure before test

ice##ab.tif          video exposure after test

ice##xy.tif          subtraction video exposures

In duplo tests a is replaced by b and bxy is used instead of xy.

The digital files are in asci format. The information in a row in ice##a is 

1  

Comment

In general the results are in agreement with the expectations; the deeper the keel and the smaller the angle the more deformation.  No shear zones could be observed.

Quite large deformations could be observed in some tests, where the deformation take place to quite large depth.

In most tests the steady state condition was reached.

The tests on oil saturated sand show a more unstable load behavior. Not a big difference in displacement fields.

A more detailed report is in preparation.
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Example of asci file  ice##a

ice01a  (name)

    1.00   50.00   90.00    0.00  (not relevant)

     0.00     0.23    80.68     0.00     0.00     0.00     0     0     0.00

     0.00     0.23    80.68     0.00     0.00     0.00     0     0     4.28

     0.00     0.23    80.19     0.00     0.00     0.00     0     0     4.28

     0.00     0.23    80.19     0.00     0.00     0.00     0     0     9.84

     0.19     0.23    80.19     0.00     0.00     0.00     0     0     9.84

     0.58     0.46    80.68     0.00     0.00     1.00     0     0    10.05

     0.58     1.39    80.68     0.00     0.00     5.00     0     0    10.60

     0.00     2.32    80.68     0.00     0.00    19.00     0     0    13.41

    -0.77     3.25    80.68     0.00     0.00    33.00     0     0    20.21

    -0.77     3.48    80.68     0.00     0.00    34.00     0     0    22.24

    -0.97     3.48    80.68     0.00     0.00    36.00     0     0    30.09

    -0.97     3.48    80.68     0.00     0.00    36.00     0     0    30.20

    -0.97     3.48    80.19     0.00     0.00    36.00     0     0    30.27

    -1.35     4.41    80.19     0.00     0.00    49.00     0     0    32.79

    -1.35     4.87    80.68     0.00     0.00    51.00     0     0    33.34

    -1.74     5.57    80.19     0.00     0.00    57.00     0     0    37.95

    -1.74     5.80    80.19     0.00     0.00    58.00     0     0    40.38

    -1.74     5.80    80.19     0.00     0.00    58.00     0     0    44.66

    -1.74     5.57    80.19     0.00     0.00    58.00     0     0    44.70

    -1.74     5.57    80.19     0.00     0.00    58.00     0     0    50.36

    -1.93     5.57    80.19     0.00     0.00    58.00     0     0    78.77

    -1.54     5.57    80.68     0.00     4.00    58.00     0     0    78.88

     1.74     3.71    80.68     0.00    33.00    58.00     0     0    79.14

     2.70     3.02    80.68     0.00    55.00    58.00     0     0    79.36

     2.89     3.02    80.68     0.00   208.00    58.00     0     0    80.85

     3.86     2.32    80.68     0.00   334.00    58.00     0     0    82.00

     5.40     1.62    80.68     0.00   349.00    58.00     0     0    82.16

     5.98     1.39    80.19     0.00   356.00    58.00     0     0    82.23

     7.72     1.39    80.68     0.00   393.00    58.00     0     1    82.60

     8.49     1.62    80.68     0.00   415.00    58.00     0     0    82.82

     9.84     2.09    80.19     0.00   451.00    58.00     0     0    83.16

    11.19     3.02    80.19     0.00   508.00    58.00     0     0    83.70

    11.97     3.71    80.19     0.00   536.00    58.00     0     0    84.03

    12.93     4.64    80.68     0.00   572.00    58.00     0     0    84.36

    14.09     5.57    80.68     0.00   614.00    58.00     0     0    84.80

    14.47     5.80    80.19     0.00   621.00    58.00     0     0    84.86

    15.44     6.96    80.68     0.00   671.00    58.00     0     0    85.35

    16.21     7.89    80.68     0.00   713.00    58.00     0     0    85.79

    16.21     7.89    80.68     0.00   720.00    58.00     0     0    85.84

    17.95     9.28    80.68     0.00   776.00    58.00     0     0    86.39

    18.33     9.74    80.68     0.00   790.00    58.00     0     0    86.56

    18.72    10.44    80.68     0.00   817.00    58.00     0     0    86.84

       load x       load y       g+2                        dis x           dis y         p1      p2       timer

Example of data file ice##a.tim

***65281        (not relevant)

R Tue Jan 15 11:12:20 1980 (not relevant)

65535   60  247    (last two digits is movement ice berg)

65534  444  445    (reference point) 

serie   1  nodals  59 (number of measurement and amount of markers)

   1  261  298   (series number,  pixel number in x, pixel number in y)

   2  400  299

   3  427  298

   4  228  299

   5  290  299

   6  319  299

   7  349  299

   8  373  299

   9  458  299

  10  231  325

  11  428  325

  12  347  329

  13  372  327

  14  403  327

  15  261  328

  16  290  330

  17  456  329

  18  316  330

  19  231  356

  20  432  356

  21  403  358

  22  346  359

  23  455  360

  24  263  359

  25  288  361

  26  316  361

  27  373  360

  28  315  392

  29  285  392

  30  345  394

  31  454  392

  32  232  392

  33  429  395

  34  368  396

  35  261  397

  36  397  396

  37  294  400

  38  444  406

  39  418  406

  40  261  431

  41  291  431

  42  316  431

  43  344  433

Comments

Same series number does not always means the same marker. 

In left top corner x=0 and y=0. For usual presentation y = 512 - y.

