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Abstract

The subject of this master thesis is related to the passive suction under mudvhatsnats are

used in the offshore industry to prevestructuresfrom sinking in the soil after installatiotf.for

some reason a structure has to be liftexh the one sle due to an installation error, on the other

side due to removal the force needed to lift the structure sometimes exceeds the total submerged
weight. This report contains a Literature survey conducted regarding the above subjects. This report
also showshe design of a test setup and procedure for lifting a plate from a sand bed. In the end the
report follows the modelling of an analytical model which is validated using the test data

The focus of this report lies with finding out whHaasicparametersdominate this force and what the
influence of these parameters adeiring lifting is sandExperiments will be conducted to test these
parameterslin the end these parameters will be used to develop a simple analytical model to predict
the order of the breakat force.The model will then be validated with the experimenise main
research question is:

How are the breakout force and breakout time influenced by the permeability of the sand and the
lifting force? Can an analytical model, that uses these parameters, predicts the liftingvftricea
certain margir?

Literature states that no breakout foes are to be expected due to the large permeability of sand but
from cutting theories it is known that under pressures exist around the blade tip, especially for the
smaller grain sizes. A test setup was built to study the lifting process and measymesisare under

the plate and his displacement for a given load. The tests were performed in two different sands
(Silverbond and Geba Weiss) for a range of different loads with two different plateBirAehsional
setup and a Dimensional setup. An anailgal model was created to predict the lifting force for a

given permeability and upward velocity of the plate. In the end the model was validated with the test
data.

The test data showed that for theRimensional case the pressure profile was of a regiidar
shape. A factor 10 in breakout time between the sands can be observed-Dineehsional model
gives a good estimation of the lifting load in Silverbond sand when using velocities from the
beginning of the lifting process. For the Geba sand, aftprstidg the length of the flow paths, the
model also gives a good fit.

The experiments witlthe 3-Dimensional platshowed thatthe pressure profileinder the plate is of
arectangular shape with steep slopes towards the edge of the pha¢hing can beoncluded
about a relation between the breakout time and the permeability for the same teteleen the two
different sands due to an inertia dominated process.

The 3Dimensional model predict the lifting force accurately for the Silverbond sand using the
velocities from the beginning of the lifting proceBsr the Geba sand the permeability had to be
scaled to give a good fit. This is because of model assumptions and using flowAdaiktng the
tune factor did not give satisfactory results.
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1 Introduction

1.1 Problem Description

As a big part of the extracted oil comes from offshore areas, large structures are needed to create a
horizontal, safe, working space above the water level for oil drilling. One of the structuresss the
calledjacket which consist of several hollow pipeelded together. A commonly used method for
attaching big structures to the sea floor is the use of long piles which are driven into the soil. In the
case of a jacket the piles are driven through pile sleeves which provide guidance.

When jackets are ialled on the sea bottom several problems can occur. Apart from installation
errorssuch as for instance lifting errors, one of these problems is related to the situation below the
water surface. Most offshore areas are formed of soft, unconsolidate@dsaihich it is difficult to
perform the pile driving operations. The jacket has the tendency to sink in the soil on the side where
piles are driven into the bottom.

To prevent the jacket from falling over mud mats are used. These mats support andutistrie
weight of offshore structures on the soft soil. In tiiay,the structure is able to stand on the sea
floor.

When the structure is finally standing on the sea floor the weight of the structure pushes the water
out of the soil which creates a mooensolidated soil state at the interface between the mud mat
and the soil. Lifting of the structure after it has been lowered now means that not only the weight
but also the (passive) suction of the soil has to be overc@neording tqLiam Finn, 1972)f the

object is embedded and an attempt is made to lift it adhesion will develop under the base of the
object. The difference between the force now required to lift the obpead the submerged weight is
the breakout forcflO , seeFigurel.l. With breakout defined as the moment the plate comes
loose from the bottom.

Fiife

underpressure

Figurel.1 ¢ Model of the Under pressures versus the lifting loads

The passive suctiamccurs as water has to flow into the pores under the mat during lifting and
encounters a certain resistance by doing so.



Passive suction can occur in the following situations:

- Decanmissioning of the structure: When for example a jacket is removed by lifting it
from the bottom a certain force is needed to overcome the suction of the soil on the
mud mat.

- Installation of the structure: During an installation error when for example the
orientation is wrong or the structure is not levelled correctly

This thesis ifocusedon the modelling of the under pressiwgander a mud mat using an analytical
approach. The model is supported by using a test setup to generate data to validate the model.

1.2 Purpose of Research

This research is aimed on to the prediction of the force neadem/ercomethe passive suction
betweensoilandthe mud matusing an analytical approaemd to get insight in the physical
parameters behind this procedsuring the literature survey a lot of information regardig topic
was found buimostof it isfocused on other subjesbf the breakow phenomenaAs a dredging
student, an analytical model used for sand cutting was found and the question arose if this model
could bemodifiedto predict the breakout force and time. Afterwards this model could be validated
with test data.

During the resarch the following objectives are encountered:

- Literature study: Previous research regarding this subject has been Homever,
on different subjects and structures.

- Modelling: the formulation of an analytical model. Use a proven model from
dredging ctting theory and adapt this to model the under pressures under mud
mats.

- Testing: Using a setieveloped test setup to get insight in thevgrning variables
and procedure®f lifting a plate from a sanded.

- Validation: Use the test data for validatitige analytical modelCompare the test
data with the analytical model.

The research itself is dependent on time and budbetefore the research itself has boundaries:

- Only breakout phenomena in sand will be investigatgbakout phenomena in clay have
been extensively researched. Sand howewat;, early researcherfiiu, 1969ven stated
that lifting in sand does not lead to a breakout forBeit, from cutting theory(Miedema,
2014)it is knownthat small grained sand can lead to under pressures. Therefore, it is
interesting to investigate the suction problem for sand.

- The test structures arsimplified;this is done to give easy insight in the governing
parameters.

- Testing will e done with twodifferent sands, Silverbond of $0and Geba Weis of 13fm

- Only vertical upright testing will be done, lifting under an angle is a totally different subject
involving other parameters.

The main research question to be answered is as follows:

How are the breakout force and breakout time influenced by the permeability of the sand and the
lifting force? Can an analytical model, that uses these parameters, predicts the lifting force within a
certain margin?



To help answering the main researchegtionthe followingsub guestiorshave been composed:

- Can theParallelResistomodelfrom cutting theory(Miedema, 2014pe adapted to use in
BreakoutPhenomena?

- How does the permeability scateser different sorts of sand ugy the same breakout lo&d

- Does preloading the plate result in a difference in breakout timeSan@ (Liu, 1969¥tates
that for clay the longer the settlement time the longer the breakout time. For clay soils the
situation is differentpore water pressureslo not dissipate that easy as in safie help
investigating the following sub question can be proposed:

o Ca pre-loadingthe structure chage the permeability of the soil when placed onto
the sand bottom?

- How does the breakout time scale when increasing the lead thus the weight of the
structure?

- What is the displacement a plate needs before breakout?



2 Theory

2.1 Earlier Research

Earlierresearch concerninthe socalled break out forces has been done. The first to do some testing
is(Muga, 1968with the NCEL, Nav@&livilEngineering LaboratoryMuga conducted theoretical and
experimental studiegn order to derive an empirical formula to estimate the force required to fift a
object of a certain size from the sea bottohktis formula is dependent on theontactarea of the
structure,a time allowed for the breakout and a supporting pressure of the soil (recognized as the
soil bearing capacity biherzaghi).

(Vesic, 196%tudied the factors affecting the magnitude of the breakout force, he gave some good
recommendations for further research.

(Liu, 1969nlso in a NCEL studiated that thebreakout force is more dependent on the embedded
depth of the objectHe was able tepecify the breakout fare within a certain time frambut could

not accurately predict the time of breakout. He also stated that the magnitudiesobreakout force

is dominated by thesoil cohesion, area of structure time of breakout and the permeability of the soll
(Lee, 1973¢ontinued with research for the NCHie divided the breakout of partially embedded
objects from cohesive seafloors into immediate and long term breakout problEngsconclusion

was the breakouwill eventually occur under any net uplift force, howeverchuime may be
involved.No existing theoretical models weapplicablethe estimations of the breakout force gave

a range of plus or minus one hundred percent.

(Liam Finn, 1973)sed in the basis the same formula as Muga and added some factors for the
submerged weight of the base and sdilso,the added the bearing capacity factor which is a
function of the shape of the base.

(Rapoport V, Young A.G, 1988ted that the empiricatelationsfound before are easy to use but
limited to a certain soil type. they derived analytical equations for one dimensional ddsesheir
approach assumed general soil failure and is therefore an upper limit dirdekout force (Foda,
1982)used a boundary laydormulation, he stated that when an object is lifted from the seafloor a
gap willarise between the structure and bottom. Usintathematicshe describes all thgoverning
effectsfor gap flowandeventuallygivesa prediction of the breakout forceased on this flow

(Das, 1991jurther proposed modifications for the formulas regarding the breakout force using the
contact bearing pressure, a reiah between the object area and the object weight and he stated
that the time an object rests on the sea bottom effects the breakout fopaeShamrani, 1995Jid a
finite elementanalysison the break out phenomena. His ansdg were in agreement with the
empirical formulas stated by earlier researélowever limited field information is available for
confirmation of his model.

(Mei, C.C., Yeung, R.W., Liu, K.F., 1i88B¥tigated based on the assumptions fréffoda, 1982%he
breakout phenomena and showed that lat@ut also occurs without the agsiptions of an elastic
soil skeleton.



(Craig, 1987and(Chen, 2012hoth did a series of centrifugal test to investigate theakout
phenomena(Craig, 1987Ylid this to investigate the installation of a jackéThen, 2012k
investgate theuplift capacity of the mud mats in slightly over consolidated clay.

For tilted lifting(Huang, H.M., Lin, M.Y., Huang, L.H., 20i@stigated the flow field under the
structure induced by the tilted lifting ahthe lift force using an analytical approach.

What can be observed from the literature is that few to no research in to breakout phenomena in
sand have been carried owilso, no modelling is done into this subjdetom cutting theory it is

known that cuttirg in sand develops under pressures around the blade tip. An analytical model exists
where these under pressures are calculated. Therefore, it is interesting to investigate the breakout
phenomena in sand.

To model the lifting process in sand the first ideas to use Plaxis as a program. After a couple of
weeks using Plaxis it was decided that Plaxis was too complex to give easy insight in the governing
parameters.

Formodelingthe lifting process an Analytical model will be used modified (Miedema, 2014)
publisheda bookabout cutting theoriesused in Sand, clay and RoEkr this report the analytical
sand pore pressurealculation model will be used that describes water flow in the dasdbut does
not take the stresses in the grain skeleton of the soil in to accolihie pressure calculation is useful
for prediction of the lifting force.

2.2 Parallel Resistor method

As an analytical modein adaption of the Parallel Resistor moétal water under pressures in ¢h

sand on and round a blade during saturated sand cutting will be used. This model will be adapted for
the under pressures under the mud mat.

Miedema uses his model as a method to use the basics of the sand cutting theory in a very practical
and pragmatiavay. The model is primarily used to give some fast and easy insight in the pressure
development around the blade. From the theory and comparisons with FEM calculations it is known
that the model has an accuracy 4% (Zhao, 2001)The model itself is calibrated with measurement
data.For such a model, given the accuracy of the input parameters, this is a good result. The problem
with FEM calculations is that they are time consuming to make and therefore expensive. Also, they
are most of the time case dependent and therefore namversal in use.



Pore pressure — Equipotential lines

transducers — — — Flow lines

Figure2.1 ¢ The Equipotential lines and the flowlines for a cutting case

The model of Miedema is based on the flow lines in theddmd. Miedema reasons that following
the flow lines through thdedto the shear zone the water flow will encounter a certain resistance.
This resistance is proportional to the distance the water has to travel and dependeheo
permeability of the sojlseeFigure2.1.

The longer the flow line, the bigger the resistance and the smaller the permeability the more difficult
it is for the water to flow through the soil.

Dilatation is describedsan increasén volume due to shear deformations. During cutting dilatation
takes place with as result an increase in ponderpressuregMiedema, 2014)

Now the law of Darcy describes a relation between the specificfflGw/s) and thepressure
differenceYn 0 &

NN e

] @

Where:

Yi = Flow length

"= Permeability

Q dxQa

" =Density water

"= gravitational constant

The total specific flow for the cutting case originates from the flow caused by the dilatation, in the
cutting case this is defined as follows:

n 720 z0HEI] R



Where:

T =Dilatation
0 =Cutting Velocity
I =Shear Angle

Therefore, one can state

Z‘Z"A | e ——
1202081 @iy @

Figure2.2 ¢ The Water flow towards the cutting zone.

Nowthe length of thefour flow linescan be calculated, séggure2.2. Using the corresponding
permeability in combination with shifting some variables the following relation is found:
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As the length of a flow line divided by the permeability can be seen as a resistance the following
applies:
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Following the rule of parallel resistors and using the resistance values found above the following
equation is found:
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Combining equatio2.6and2.7results in an equation describing the pressure difference in the shear
zone on a certain point:
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Integrating over the shear zone gives the average pressure over the shear zon®) &fithstep size
over the shearone.
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2.3 Conclusions

Early publications showed that already in the sixties a lot of attentionpuais the research on
breakout phenomenaA lot of this research was aimed at testing in the figdihgfor example ships

and sulmarines.Also,a lot of publications were dependent on the location of the test site. As
specific soil conditions are presentthese sitest is not evident todraw general conclusionsA Iat

of the earlier research is indirectty directly based on th research done in the sixties primarily by
Muga. In the eighties Foda looked on the breakout phenomena from another angle proposing new
formulas to predict the breakout forcéDas, 1991performed some experiments in soft clay with
cylindrical objects.

It can be concluded that no real tests on scale are performed in fine grained sand. As clay behaves
different than sand it is not evident to use the same formulas found in the early dageife based

on sand. To get some understanding of the basic physical paransetensalytical model is created

to predict the breakout force in san@he model used is based on the parallel resistor method used
in (Miedema, 2014)This model has some similarities with the lifting case, for example, in cutting
cases under pressures are present under and around the cutting blade. This gave the inspiration to
adapt this model for the lifting cas&o validate this model laboraty test will be performed.



3 Testing

3.1 Introduction

In many scientific researches testing with a certain setup is done. In this case testing is divee
the analytical model some fundamental backéso in comparison with field testing ttsenallscale
laboratory setughas some advantages:

- More parameters are easier to control

- Good visibility on the setup

- Costs are low compared to field tests

- Tests are easier to reproduce, faster and under same conditions

The test results will be used to validateetmodel outcome. As mentioned before the testing will
only be done using fine grained sand as soil.

At first itwasimportant to checlkwhether some resul can be derived from th&est setup at all.
Thereforea preliminary test setugvasbuild accordindgo some expectations.

Expectations:

- Suction can be measureing differential pressure meters

- With atransparent acrylic platéhe water flow mightbe observed during the lifting
process.

- After lifting aholein the sandoed can be observed, under pressuretick the sand to
the plate during lifting

After carefultesting,some improvemergwere made to the test setup, in the early stages a strong
nylonrope was used for lifting but this proved to beotelasticgenerating unreastic results and too
much fluctuation in the loadAlso,it proved to be difficult to level the sartesbd correctly resulting

most of the time in immediate breakout of the plate. The visibility in the reservoir was unfortunately
very bad. Especially tHme-grainedsand carried some dust with it.

Suction under the plate was eventually registered by the Differential Pressure sensors after making
sure the right sequence of venting was usAtlfirst it was questionable to use the DP sensors as it
was suspeted the pressure was small. Testing showed that the sensors could beAfsdvery

test a gap in the sandedwas present so it seemed that the plate was takamprtion of sand with

it during the lifting process.

After fine-tuning the test and learing from the preliminary testing the final test setup was in
operation.

3.2 Testsetup

The tests are performed in the Dredging Laboratory of the technical university in Delft.

The test setup is built around an existing acrylic resenwitin the following dimensions: 80x80x80
cm. Around the reservoir a rigid frame is placed which holds the pulkeysmple diagram of the test
setup is shown iigure3.1



Displacement meter

Load sensor

¢/ [

Dp sensor connection

Fgure 3.1 ¢ Diagram of the test setup

In thereservoir,an acrylic plate is placed with a thickness of 30mm. This is done to make sure the
deformations due to bending can only occur with a very high, unrealistic, loading. It was expected
that only small displacements are neededéad to breakout of the platgherefore only minimal
deformations due to bending can be allowdaksting will be done with 2 types of acrylic plate, a
rectangularand aroundversion. The rectangular plate is seatéflagainst two sides of the reservoir
with thin rubber gasketsvith low friction, this is done to create a pure@mensionalcase. The

round plate ismodeledto use for the Dimensionakase.

In theplates, several3 mmholes are drilled to make connections fbe Differential Pressure
sensors, DP sensors. Thase connected via rigid poflow hosesihe holes are dividedver the2-
DimensionalRectangularand 3Dimensional (Round)late according toFigure3.2 andFigure3.3
respectivelyThe plate will rest on the sartzkd, the sandbedis always of the same thickness,
namely 700 millimeters.
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Figure3.2 ¢ Layout of the location of the pressure sensors on tBén2ensional plate

200mm

Figure3.3 ¢ Layout of the location of the pressure sensors on tBén3ensional plate

The platesare lifted via a flexible steebpe which runs over two frictionlegsulleys. At the other end
of the cable a buckds placed to hold weights needed to create the specified load.

11



Figure3.4 ¢ Photos othe test setup and equipment

The load is transferred to the plaby/ a rigid stainless steel lifting frame which is conneatiedfour
chains to the plateseeFigure3.4

Between the lifting frame and the steel cable a load cell is placed to measure the load exerted by the

bucket on the plateDuring the lifting the displacement is measured via a displacesemgor placed
onto the plate, the sensor is calibrated for every test.

As mentioned before there are connections in the plate for hoses leading to DP sensors. The sensors

measure the under pressutieneaththe plate and are therefore negatively calibrated

3.3 Test Parameters

To get some insight in the physical processes it is important to define the test parameters correctly.

Different parametersare to be tested.

3.3.1 Sand types

Thepressure difference predicted by theallelresistormodelis dependent on he permeability of
sand Therefore, tacheck the validity of the model different types sdindwill be used, however the
permeability cannot be to large otherwise no sufficiemider pressure can build uphe twosands
used are theSlverbond D6 and Gel&06-0.25 due to availability in the laboratory.

These twoesands are tested in the laboratory of civil engineerin earlier sieve analysis has been
done by Ir. Rik Bisschopest data showed that thesbof Silverbond and Geba is fiftn and 125.m
respectively.

Both sand have endured a falling head test to check the maximum value of the permeability.
Silverbond got a value of 8m/s. Geba, having a larggrain sizehad a value of 78 m/s. This is

the smallest permeability for this type ofrsé as it was make sure the sand was packed as tight as
possible during the tesiThe values of the porosigre tested at the civil engineering laboratory. The
values for the Geba sand tested as:
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3.3.2 Consolidation

Another factor that defines permeability in soil is the consolidation. One can reason that if a weight is
placed on the sea bottom for a certain amount of time the water will flow out of thebsail

underneath themat. How much water and how fast is depemd on the weight above the mat,

duration, compressibility of the soil and the permeability of the .SBilis variable is not of great

interest for structures who have been placed on the sea bottom a long timastjee soil

underneath the mats has reached its maximum consolidation given its weight. The results will be of
interest for modelling the installation process of such a structdrkis variable will be testelly

placing a big weight onto the-Bimensionalplate and let the plate rest foa certain amount of time.
Afterwards 1 can be checked different weights placed onto the plate will ngésin different

breakout times.

3.3.3 Lifting loads

The lifting loadsre an important variableactually they are ahfluence on two other variables
namely the velocity and the breakout timigfting with a bigger load means that thgsward velocity
of the plate will be larger which means that the expected under pressures incilgésey with a
larger velocity meandhat the breakout time is shorteihe question is how thesariables relate
with the use of different sands. Lifting with the same load on Geba should give an overall faster
process than liftingn Silverbond.

The lifting loads arehosenaccording to tle dry weight of the lifting frame added by the submerged
weight of the plates. As mentioned before breakout can only occur if there is a net upward force,
therefore the minimum load needs to be larger than the combined weight.

Silverbondsand Load 1 Load2 Load 3 Load 4

3D 65N 70N 90N 110N

Table3.1 ¢ Load Parameters for the Silverbond sand.
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Gebasand Load 1 Load 2 Load 3

2D 90N 110N 130N

Table3.2 ¢ Load Parameters for the Geba Sand

Table3.1 and Table3.2 give thetotal load imposed on the complete structuréhese loads can be
verified by the use of the load cell. When comparing the under pressures with the loads it is
important to note thatthe loads should be corrected for the weight of the frame and the underwater
weight of the plate. When correcting for this weight the mpeflingload under the plate is known.

3.4 Test Procedure

The sand is placed into the reservoir with water and mixeddhghly to exclude possible trapped air
bubbles. The mixture is vibrated to speed up the settling en left resting for a week. This creates a
solid sandbedonto which the plates can be placethis has to be done for the two sand types
ensuring equal sangwater distribution.

Before placing a plate onto the surface the sand is smoothenedanstiel ruler en left for seittg.
The plate is hanging in the water so that the-§dPsors can be vented@he plate is than placed on
the smooth sand surface and vitted around the plate to ensure no air is trapped under the plate
and to create a homogeneous sabed. After settling for an hour (water is clear again) the test can
begin.Weights are carefully placed into the bucket in such a way no dynamic peak leadried

onto the frame.

Every test is ruthree or moretimeswith the same weights to get some good average valtligs.
testing find place according to the test matrices shown in talblelow.The red colored tests shown
in the tables below are the teshat are discarded due to reasons specified in chagter

2-D Tests Silverbond

Testname

Test 1 Test 2 Test 3
_ 2D-S130N-2 2D-S130N-3
2D-S150N-1 2D-S150N-2 _
_ 2D-S170N-2 2D-S170N-3

Table3.3 ¢ Test matrix for the Dimensional test in the Silverbond sand.

14



2-D Tests

Testname

Load (N) Test 1 Test 2 Test 3

110N 2D-G-110N-1 2D-G-110N-2 2D-G110N-3
130N 2D-G130N-1 2D-G-130N-2 2D-G-130N-3

Table3.4 ¢ Test matrix for the 2Dimensional test in the Geba sand.

3-D Tests Silverbond

Testname

Load (N) Test 1 Test 2 Test 3 Test 4

3D-S65N-1 3D-S65N-2 3D-S65N-3

3D-S70N-1 3DS70N-2 _ 3D-S70N-4
3D-S90N-1 _ 3D-S90N-3
3D-S110N-1 3D-S110N-2 3D-S110N-3 _

Table3.5 ¢ Test matrix for the ®Dimensional test in the Silverbond sand.

3-D Tests Geba

Testname
Load (N) Test 1 Test 2 Test 3 Test 4

50N 3D-G50N-1 _ 3D-G50N-3 _
60N 3D-G-60N-1 3D-G-60N-2 3D-G60N-3

70N 3D-G-70N-1 3D-G-70N-2 3D-G70N-3

Table3.6 ¢ Test matrix for the ®Dimensional tesin the Geba sand.
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4 General Test Results

4.1 Introduction

The data from the test setup was recorded with Labview and further processed by MHtkldata

was recorded with a sample frequency of 100hz. The results are then corrected for offset taikies
mears that the test setup will run idle for a minute every test to record the idle values of the sensors.
The values are then later subtracted from the complete data set.

As there were in fact two different tesperformed, namelythe 2-dimensional and th&-dimensional
test, these will be treated separately.

In advance of testing a test plan was writtencheck how many tests were to be performed.
Unfortunately,not every test came out as a reliable result. Some test results are therefore discarded.
Thisis dore after carefullyexaminingthe results Most of the time unrealistic short breakout times

led to removing of the test resultshis is probably due to the fact the plate did not made good

contact with the sandbed, air was trapped beneath it or treand itself had air in itnh other cases

there was a clear problem with air in the polyflow hoses to the DP sensorsmneatpressure
registration took placeThe specific test results are reported in Chafgand6

4.2 Net loads

For analyzing theneasurementsit is important toreason how the load is interpretedh& load
imposed onto the lifting frame is natgual to the load under the plate, this is because when lifting
the structure first the dry and submerged part of the frame have to be overcome, after that the
under pressure is created. For analyzing the net loafirisore importance, therefore in the tables
below the load is converted torget load The factor used is, as mentioned, dependent on the dry
weight and the submerged part (e.g. the plate) of the structure. For tBéinZensional situation the
difference letween the load andhe netload is52 Newtons, for the 3Dimensional the difference is
calculated agl5 Newtons

2-D Tests Silverbond

Load (N) Net load(N)
130N 78N
150N 98N
0]\ 118N

Table4.1 ¢ Thenet loadvalues for the Silverbond sand in the 2D situation.
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2-D Tests Geba

Load (N) Net load(N)
90N 38N
110N 58N
130N 78N

Table4.2 ¢ Thenet loadvalues for the Geba sand in the 2D situation.

3-D Tests Silverbond

Net load(N)
65N 20N
70N 25N
90N 45N

110N 65N

Table4.3 ¢ Thenet loadvalues for the Silverbond sand in the 3D situation.

3-D Tests Geba

Load (N) Net load(N)
50N 5N

60N 15N
70N 25N

Table4.4 ¢ Thenet loadvalues for the Geba sand in the 3D situation.

4.3 Measurement Analysis

The test daawas recorded with &bview at a sample rate of 100hz per second. This generdtds a

of raw data which need todfiltered, seeFigure4.1 . Using Mathb to filter the signals with a moving
averagdfilter the resulting signals are used to generate pllike those ifFigure4.2 and Figure4.3.

Figure4.2 shows the Load and Displacement versus the Time foribar&nsional plate. What can

be seen is that the load is located around the 26 Newton as the Displacement increases steadily. The
Load has a short interruption in the signal at around 20 seconds. This is because all the weight used
in the test setup are placed into the bucket carefully one at a time to make sure no dynamics are
disturbing the data. The Peak load is derived from tHaesat roughly 26 seconds, the maximum
displacement is the displacement taken just before the breakout.

In Figured.3 the pressure and velocity versus the time istf@d. The velocity is derived from the
displacement After filtering the trend is visible. The velocity is used to determine the time of
breakout. Looking closer at the velocity at around 90 seconds it can be seen that the slope of the
velocity signal ineases rapidly, this means that the plate including thefr#ine are accelerating
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Load and Velocity vs Time
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Figure4.1 ¢ An example of the unfiltered velocity.
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Figure4.2 ¢ The bad and the displacement versus the time forRifiensional tesin Silverbond sanq3D-S70N-1).

From these data plots the peak values are used for further analysis in Chaptd6. The reason for
using the peak values can be understood if one looks at the signal for the pressure. At around 15
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seconds the Load iRigure4.2 starts to increase like a ramp function. The pressure sign&lgure

4.3 response different. They increase more likérstforder system. The reason for this is to be
answered later on. At the point the velocity was increasing rapidly also the pressure signals begin to
act different. Large jumps in the signals can be spotted. This is due to the dynamics affects taking
place when the plate begins his journey to the surface with a sudden increase in lift velocity. The
peak values to be used for the pressure signals are in this case taken right before breakout.

Pressure and Velocity vs. Time

DP1
oP2
oP3
Velocy

Time (s)

Figure4.3 ¢ The pressure and the velocity versus the time fofZirBensional tesin Silverbond sand, (3®70N-1). Note
the filtered velocity

Unfortunately, not all test performed were usable. Sometimes imposing the load on the plate and
lifting frame initiated immedhte breakout as by other test the breakout time was normal but little or

no pressure registration happened. These situations can be linked to trapped air underneath the
plate or the sandedproved not to be perfectly smooth. Figure4.4 and Figure4.5 the results of a
2-Dimensional test that went wrong are plotted. What can be seen is that the load was increasing.
During the increase the velocity also started to increase rapidly leading to a breakout time of under 5
seconds. These kind of test resudig excluded from further analysis.
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Figure4.4 ¢ A failed 2Dimensional test, as can be seen the breakout time is very, §ABr&150N-3)
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Figure4.5 ¢ Afailed 2Dimensional test, the pressure sensors registered a lot of dynamic ré2DI&150N-3).



4.4 Conclusions

Whatcan be concluded froranalyzinghe test data is that pressure registration is difficéltlot of
tests are dealing with delays in pressuegistration. This is probably due to the pressure mounting
points on the plate. Some damping can occur if these holes are getting constipated with sand. A
method for avoiding this kind of results in future testing would be the use of more pressurersenso
linked to each other so that the mean value of a couple of mounting points is Asegjequipping

the mounting points on the plate witltttle filter stones could be a solutioAnotherreason for bad
pressure registration can be air in the hoses.oBekvery test the sensors are getting vented for a
couple of seconds. However, asidethe sandbedcould influence the pressure measurement.
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5 2 Dimensional Results

The firstteststo be performedwere donewith the 2-Dimensional plate. The plateas connections
for up to five DP sensors. Four of them were useddisttibuted over the plateccording toFigure
3.3. The sand types used to build up the sdedlwere the Silverbond and&ba sand mentioned
before. Themagnitudeof the different loads that were applied on the plate amecording toTable
3.1. This chapter will shothe results of the 2Dimensional test and show some of the relations
found.

5.1 Expectations
As with every laboratory test there are some, theoretiexipectationsAs for the 2 dimensional
plate these were as following:

- Breakout time is directly relatet the permeability of the sandlhe permeability of the
sand is linked to the f9quadratic(Den Adel, 1989}his holdthat if the grain size doubles
the permeability becomes 4 times as bigys the permeabilityncreasesoughly with a factor
8 it was estimated that the brealut time alsodecreasesoughly afactor 8.

- According to the model outcom&ee chapter) the pressure development for th2-
Dimensionatase is expected to be linegiven any inpubver the width of the plateBy all
means the under pressure measured on a point closer to the plate edge is expected to be
lower than a point on the centdine of the plate, furthest away from the plate edge. this
case DP1, DP2 and DP3 should give similar results as DP4 simaldbgier output. Athe

2-dimensionamodel is linear and DP4 is located on a quarter of the plate the under pressure

is expected to be half of the under pressure measured by the other sensors.
- The average time of breakoit supposed to decreasss theload increases. Onganexpect
that doubling the load should give half the breakout tiaeethe model itself is linear

5.2 Time of breakout

5.2.1 Introduction

The time of breakout is defined as the time the plate needs for breakout ovetitfezent tests
underthe same conditionsExpected was that for the Silverbond sand the breakout isne
noticeable larger than for the Geba sand. Thignastioned before, has to do with the differenae
permeabilityfor the both sandwhich leads to a higher resistance teater to flow along the
flowlines and thus a larger breakout time.

5.2.2 Silverbond 51um Sand

The average breakout time for the Silverbond sand is plottddgare5.1. What can be seen is that
the breakout time for thenet loadof roughly 80 newtons has a rangeound120seconds For the
100 and 138N net loadthe breakout timesarein the range of 90 and 80 seconds respectivEhe
trendline is added to help visuadizhe descending trend\oticethat the Load values plotted are the
Net loadvalues under the platelhis means thathe submerged weight isubtracted
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Figure5.1 ¢ The time of breakout for the Silverbosand,the spread of the different tests is visibiote that it looks like
the trend is having an Asymptotic value, beware that it is only a trend line.

5.2.3 Geba 125uym Sand
The average breakout time for the Geba sand is plottdeignre5.2. Again,adescending trend is
visible
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Figure5.2 ¢ The tme of breakout for the Gelsand.Here the trend is going to zero, again it is only a trend line and it is not
suspected to cross the Net load axis.

5.2.4 Conclusion

From analyzing the breakout time of tReDimensionaplate it can be concluded that the breakout
time does not scale linearlyith the force.For the Silverbond sand an increase of around 25N
decreases the breakout time @most a factor 2, further increase of the same load gives a marginal
decrease in breakout time. For the Geba shodeverthe breakout time follows a more liree

slope, sed-igure5.2

5.3 Mean Displacement

5.3.1 Introduction

The mean displacement is defined as the displacement the plate travels before breakout. This
displacement caeasily be extracted from the test data as the displacement falawnelatively
horizontal line before breakout, after breakotlte plate accelerates fast so an increasing slcge
be spotted in the line of displacement. Again, the displacement is aragee/alue over the different
testsunder same conditions

5.3.2 Silverbond 51um Sand
In Figure5.3 the mean displacement for the different load plotted As can be observed the mean
displacement does have a quite constant trefitiey are all located around the 2 millimeters of
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displacenent needed before breakoulNotice that the loads are the imposed loads on the structure,
not the net loads

n
o

N

Displacement (mm)
- o

o
&)l

130N 150N 170N

Figure5.3 - The mean displacement of for the tests performed with the Silverbond sand.

5.3.3 Geba 125um Sand
For the Geba sand the mean displacement has some more varitt®djsplacement for the 90
Newton load is twice thalisplacement than that of the 138ewton load.
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Figure5.4 - The mean displacement of for the tests performed with the Geba sand.

5.3.4 Conclusions

The meardisplacement®f both the Silverbond and the Geba sand alleofthe same orderThe
difference between the points is small, only the Geba sand had some devithat can be
concluded is that this displacement is needed before breakout can happen, the displacement is
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related to a certain amount of water nded before breakout can occurhe differences in the mean
displacement are small between the two sandgrfore nothing can be concluded about this.

5.4 Mean Pressures

5.4.1 Introduction

The mearunderpressuresare the pressures derived from results measliby DP1DP2 and DR3

This means that the meamder pressures are thpeakunderpressures found in the ceetline of

the plate see Chapte4. Theunderpressures are corrected for offset values as mentioned before.
Together with the measurednder pressures the expected under pressures are shown. These are the
peak under pressurkderived from he imposed load by dividing the load by the surface of the plate.

5.4.2 Reslults

A goodverification of the readings of the DP sensi@rso compare the measured pressure with the

load. After all the pressure underneath the plate should be equtiiédoad. In other words, there

should be an equilibrium if the setup is static. The mean plate pressure is derived by dividing the load
over the surface of the plate, this means that the mean plate pressure is a mean pressure over the
plate. For the three different loadgshe pressure is averaged and compared to the mean plate

pressure The resulfor the Silverbond sanid shown irFigure5.5, the Gebasand results a shown

in Figureb.6
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Figure5.5 ¢ The mean plate pressure versus the measured prefautige Silverbond sandEspecially for the 12¥4ewton
load the difference is big.
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Figure5.6 The mean plate pressure versus the measured pressure for the Geba sand. Here the differences occur with almost
every test.

Ascanbe seen there is a difference in measured pressure and the expected plate préSsge.
some better understanding of what is happeningdaita pointsare plotted and the measured
pressure is plottecgainst the mean plate loa@he plot inFigure5.7 shows themean plate pressure
versus the measured pressutéowever the measured points do not represent the mean pressure
but show the local pressurdhetrend showsthat the measured pressure is for most points higher
than mean plate pressure which is to be expected as the flow lines are longer.
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Figure5.7 ¢ The Measured Presswersus he mean plate Pressure.
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Figure5.8 ¢ The result of DP4 versuthe mean plate pressur®P4 carries the information about the pressure profile under
the plate.

A reason for this is that one only measuegne point and the real pssure profile underneath the
plate is not homogeneous as with the mean plate presséitéhe edge of the plate a strong
pressure gradient is present, as the pressatrthe edge is zerdl'herefore, the pressure in the
middle is obviously higher than theean pressure.

The first three DP sensors are all located in one line. DP seistocated more to the edge of the
plate and therefore has some more informatidn Figureb.8 the results of DP4 are plotted against
the mean plate pressure. What can be seen is that they mostly fall within the 10% margin. This
means that they areoughly equalThus,at the location of DP4 the pressure is almost the same as in
the center of the plate. This saiat the pressure profile is nonlinear and has steeps slopes towards
the edge of the plate. More cannot be concluded as more sensors are needed.

5.4.3 Conclusion

Taking a closer look at both sasthe only thing of noticés that the absolute pressure of the
Silverbond sand is higher than the pressure measured of the GebaHBaisdnakes sense as the
Silverbond sand creates a higher under pressure than the Geba®aisds off course the result of a
different load range.

5.5 Comparing the Two Sands
To sedf the difference in permeability between the Silverbond and Geba s&ndsible a
comparison between the twalifferent sand with the same imposed load has to be m&hetest of
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both sands is done with the same load, this load was measured by the load cell and due to friction in
the pulleys has some spreathis spread can be observedrigure5.1 and Figureb.2 respectively.

From this spread the mean values had been calculatdtht can be observeih Figure5.9 is that

evenif the load during the test in the Geba sand is lower the breakout time is roughly a factor 8
smaller in theGeba sand than the test in the Silverbond saidmparinghis resultwith the two

measured permeability values from paragrapB.1which gave roughly a factor 10 the result seems
plausible.
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Figure5.9 ¢ The differences in breakout for the different sands

5.6 Conclusions

The 2Dimensional test setup was netasyto work with, despite that fact the results do not
disappoint. The pressure development can partly be reconstructed andédirtie of breakout a
nice trend between the @lifferent sand can be spatl according to the literatur@_ee, 1973)
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6 3 Dimensional Results

The tests to be performed with theBimensional plate are in basis the same as with2-

Dimensional pla. The biggest differgce is that the plate now is neealed off against 2 sides

making it a3-Dimensionaproblem.Also,there is less room for DP sensor connections. The plate has
connections for up tehree DP sensorsThese are @tributed across the plate according kagure

3.3. The sand types used to build up the sdomdiwere the Silverbond and Geba sand mentioned
before. The magnitude dhe different loads that were applied on thégbe are according tdable

3.2. For the Silverbondand four different tests have been performed. For the Geba sand &gai
tests. This Chapter will show the results of thé8nensional tests.

6.1 Expectations
Again for the 3-dimensionaimodel some expectations raised before the testing started.

- Breakout time is directly related to the permeability of the safldepermeability of the
sand is linked to the fquadratic(Den Adel, 1989}his holds that if the grain size doubles
the permeability becomes 4 times as bigys the permeabilityncreasesoughlywith a factor
four it was estinated that the breakut time also decreases roughly a factor four

- The model outome of the3-Dimensionamodel has, as mentioned before, a nonlinear
behavior. Due to the assumptions, the pressure developmesiémed out in the middle. As
with the 2 Dimen®nal plate the pressure towards the edge of the plate is expected to be
lower than the pressurin the center of the plate, the question is of the DP2 and Bé?&or
location is far enough from the center of the plate to measure a decrease in pressure.

- The average time of breakout is supposed to decremsthe load increases.

6.2 Mean time of breakout
For the mean time of breakout, the principle is the same as with tiErBensionaplate. Al the tests
are plotted against the load. With the help of a dasliad a trend can be visualized.

6.2.1 Silverbond 51um Sand

The Silverbond sand has been test, as mentioned, with four different I0&tst can be seen is that
the time of breakout drop hard as the load increaseseFigure6.1. Notice again that the loads
plotted are thenet loads under the plate.
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Figure6.1 ¢ The mean time of breakout for the Silverbond sandicedhe descending trend.

6.2.2 Geba 125um Sand

As for the Geba sand thiane of breakout was hard to determine for the bigger loads. The sand is a
lot more permeableln Figure6.2 it can be seen thattahe 2 higheshet loads the breakout is almost
immediate after applying the loadhis fast breakout is directly linked to the large permeability of
the sand.
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Figure6.2 ¢ The mean time of breakout for the Geba sand, notice that the difference between the 5 Newton load and the
13N load idarge.

6.2.3 Conclusions

What can be concluded over the breakout time for the Silverbond sand is that as the load increases
the breakout tine decreases following a nice slope. Enough tests were performed to see the trend
which is plotted irFigure6.1. For the Geba sand the results are more difficult tadie/Vhat probably
happened is that the scale of the applied weights was to large leading to tests results at the
boundaries of the breakout time. When a load 6fMewton is appliedanet loadof 5 newton in the
graph,the mean breakout time is just abotlee 100 seconds. Increasing thet loadwith 10
Newtonsthe breakout time is already under the 10 seconlsis means that for the larger load the
breakout time is more dominated by the inertia of the setup than the under pressures under the
plate. A mote refined load scalduring the testinchad beenof better use. However, if one plots the
breakout time the same behavior as with the Silverbond sand can be spotteljgee6.2

6.3 Mean Displacement
The mean displacement of thel@mensional plate is defined in the samvay as the mean
displacement for the Dimensional plate.
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6.3.1 Silverbond 51um Sand

For the Silverbond sand thmeandisplacemeng are shown irFigure6.3. The displacementsefore
breakout are all in the order of2.5 millimeters, around 400 particle diameteré.descending trend
can be observed however nahg can be concluded about this trend.
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Figure6.3 - The mean displacement of for the tests performed with the Silverbond sand.

6.3.2 Geba 125um Sand
For the Geba sand the mean displacements are plottddgare6.4. The mean displacements are all
in the same order of around 2 millimeters before breakout.
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Figure6.4 - The mean displacement of for the tests performed with the Geba sand.

6.3.3 Conclusions

For the Silverbond sand nothing can be concluded regarding the descending trend of the mean
displacements. The differences in displacement between the different loadsoasmall thathe
displacement can be regarded as equal over the t@gfain, no differences can be seen between
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both grain sizedVhat can be said about the mean displacement is that is does not scale with the
particle diameter.

6.4 Mean Pressure

6.4.1 Introductio n

The mean pressure of the plate is the mean pressure in the centbapplate and derived from the
result of DP1. The difference with thel¥mensional plate is that now only one sensor can be located
in the center. DP2 and DP3 are located on the sdistance at two sides of the plat&herefore the
result of these 2 sensors averaged in the plots belovgain,the mean plate pressure is calculated
according to the imposed load.

6.4.2 Results

For the Silverbond sand the mean pressure of DP1 versusde plate pressurés shown irFigure
6.5. What can bebserved is thathe measured centrgblate pressure is higher than the mean plate
pressure
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Figure6.5 ¢ The mean plate pressure versus the measured prefsumeDP Ifor the Silverbond sandlotice again the
difference in measured pressure and the mean plate pressure.

Comparing DP1 with the mean resufti@P2 and DP3 g@is results plotted ifrigure6.6. What can be
seen is that the result of DP1 in the center is higher than the mean values of DP2 and DP3
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Figure6.6 ¢ For all the test the mean pressure of DP1 is higher than the other 2 sensors.

For the Geba sand the results are showFRigure6.7
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Figure6.7 ¢ The mean plate pressure versus the measured pressure for the Geba sand.

Again,comparing DP1 with the values of D&#d DP3 for the Geba sagd/esFigure6.8.

Comparing the Pressures with the mean plate pressures resutigume6.9

What can be seen is th&8P1 is still higher than DP2 and DP3, though it is not much. This is probably
because the permeability of the Geba sand is higher compared to the Silverbond'sanefore the
pressure gradient is smaller.
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Figure6.8 ¢ For all the test the mean pressure of DP1 is higher than the other 2 sensors.
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6.4.3 Conclusions

What can be seen is that for the Silverbond sand the results of DRfudesa bit higher than the
results of the DP2 and DP3 sensors. fifakes sense and is a good indication of the gues profile.
To calculate the pressure profile exact more seaspe probably needed-or the Geba sand the
results are less differenndicating a smoothened pressure profile in the center of the plate. As the
packingis different with the Geba sand,dding to differences in the permeability this is possible as
the pressure gradient is smaller.

6.5 Comparing the Two Sands.

When @mparingthe Silverbond and the Gelsandsfor differences inthe meanbreakout time as
with the 2-Dimensional testthe breakout time for the same loads has to be observddt mean
values of the spread iRigure6.1 and Figure6.2 have been calculatedPlotting this breakout time
for the same loads givdsgure6.10. What can be observed is that the mehreakout time for the
Silverbond sand i85 seconds, the mean breakout time for the Geba sand is around 5 secbinds
gives roughly a factor 15

80
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Time (s)

20

70N Silverbond 70N Geba

Figure6.10 ¢ Time of breakout for the 2 sands. Notice the huge difference.

As for comparing the breakout times for the same load and different sands a remark has to be made.
Forces slightly larger than the submerged weight plus lifting frame may cause an upward
displacement but not enough for breakout. As the force increases the bresikeaitlecreaseso

almost zerqLiu, 1969)What probably i©iappening is that the load imposed on the plate is too large
for the 3-Dimensional setup in the Geba sand. As can be seen the breakout time#J evton

load is almost the same as tB6 Newton load. An even bigger load will probably give the same time

of breakout. The breakout is not dominated anymore by the parameters of the soil but more by the
inertia of the setup. For futurgesting,more research canébdone in the area between the 70

Newton and the 90Newton load.
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6.6 Consolidation

In earlier reseech a lot of testing was done regarding the effégire-loadinga structure has effect
on the breakout time. Ifiact, pre-loadingthe structurewill lead tothe consolidation of the soil. The
pre-load will load thesoilfor a certain amount of time, afteremoval the breakout time is increased
with respect to asoilwhich was not prdoaded.

For testing the effect ofonsolidationthe 3-dimensional platés placed onto a smooth sardd and
loadedfor 5 hourswith a20-kgweight using specially designed frame. The setup can be seen in
Figure6.11. Note that this is not the correct Silverbond sand but the Geba instead. This is done due
to visibility issued with the Silverbond sand.

Figure6.11 ¢ Underwater preloading

Every test has been performed twice, the test witte-load and the test withoutpre-load. This gives
atotal of 4 tests

The results for th@re-loadtest are plotted inFigure6.12 and Figure6.13 respectively. What can be
observed is that the breakout time for both test is practically the safetually,the difference is
smaller than the mutual difference of normal testd/hat can be concluded is that the difference in
breakout time is so sniiathat Prelloadingin sand does not make a difference in breakout tifRer
clay this difference is noticeable. Fmading clay gives more plastic deformations. If these
deformations will be present in sand it will be in the first couple of minutes]qading for a longer
time does not make any difference.

A recommendation for further investigation could be to test die@senedsandbedinstead of a
vibratedbed. By vibrating the sand all the stresses are dissipated, loosersantsstronger on
consolidationProblem is that testing in loose sand are not easy to reproduce.
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Figure6.13 ¢ Consolidatio test 2

6.7 Conclusion

Concluding from the results theBimensional test can be seen as a succEss.test setup

functioned well with only the pressure registration as a difficult part. The pressure development can
be simulated but more sensors are neededarding this subjeciis for the mean time of breakout
between the two sand smaller load steps should be tested for tdar&nsional setup in the Geba
sand. These same loads should be tested in the Silverbond sand to expose th&\thettdan be
concluckd is that the time of breakout follow a nonlinear trend as the load increases.
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7 Analytical Model

Asmentioned before in chapteB one can see th@arallelResistor methods intended for use on 2D
cases of sand cutting. Lifting structures, or plates, from the sea bottom is a different case. The model
has to be adapted to this case to give a good re3iilis chapter will explain how the model is

adapted forboth the 2Dimensional and th8-Dimensional case.

7.1 2D Analytical Model
First some insight in the situation. The 2D case is, as earlier explained, modelled as a plate on a sand
bed. The situation is explained accordingRigure7.1

Figure7.1 ¢ Flow lines underneath the plate

As can be seen the situation is similar to the Miedema setup only no cutting takes place. In this case
the force exerted on the lifting frame will try to pull out the plate and by doing so creating an under
pressure under the plate. For this under pressirexist water needs to flow to the area under the
plate surface. Assuming circular flow lines, one can make a similar approach as Miedema did for the
cutting case. The difference is that now ofibw lines from one side are usadaking the 2D case
relatively simpleThis is dondecause if multiple flow lines were used the crossing of the flow lines
would have to be analyzed. Mathematically it can be done but the question is if it makes any
difference for the breakout force predicted by the modsithe influence of tlis effect can be

neglected as the model will predict a force in the same order as the test data. If one want to know
the force precisely a finite element model should be usAdalogue to the earlier equations the Law

of Darcy is used:

v

m

L -3 ]

X®

41



In this case the change in volume is caused by dilatation and therefore water has to flow in the
increased pore volume. Therefore, the total spedifiev rate comes from the velocity at which the

plate is lifted. So, thepecific flowrate is defined as:

. Qa
Where:
‘Q &= Height in vertical direction
Q &time
By ombining equatiorv.1and7.2the following relation is found:
. Qe i &
Qo “7 N X
So, the equation for the pressure differenis found as:
2"z Vi
X8

L hE
N

The difference with the parallel resistor method is that the pressure difference is calculated only for
half the plate, as the plate is symmetrical it is easy to calculate the force for the complete plate.

Assumig the flowlines aregainhalvecircular they are calculated as following

Yiooo“zi X®
With the resistance defined as:
v Vi
5 X&®
Substituting equatior7.6in equation?7.4 gives:
” Z l\g—z ,Q d yh &
Qo v X
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Gives the final equation fahe pressure difference in the 2D case:

Voo oSy

Integrating ovethalfthe plate gives the average pressure:
yn X80

The average pressure times the surfa¢ehe plate nowthe gives the force needed to lift the plate
given a certain speed.

7.2 3D Analytical Model
The 3D model is based on the same approach. Now a round plate is lifted from thieeshnthis
situation cannot benodelledin a 2D model. The problem lies withetform of the plate.

Cutting the plate in half gives the same situation, Bagire7.1:

However, seen from above it is obvious that using flow lines gives a problem with the total flow
Given a fixed step size, the surface at the edge of the plate is bigger than the sutfaeeanter of

the plate. In other words, water from a location outside the place with a bigger surface flows to a
location on the plate with a smaller surface. In fact, this is a geometrical problem. To accommodate
for this effect the plate is divided iatpie slices. Now the pressure drop over the pie slice can be
calculated using flow paths, the slice is divided using a fixed step size which determines the number
of flow paths. The pathiself are divide into steps, sedigure7.2
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Figure7.2 ¢ The plate seen from above, now the pie slice model becomes clear.

The surfaces are radius dependent and can be calculatmtdiog to:
QFr QY X® T
Where:

‘Q 0= Number of flow paths pie slice
‘Q "¥=width

The width is defined as:

QY czizO0EF X® p

N

Where:

i =radius

Dividing the flow path in a certain amount of steps the surface at each step can be calculated, see
Figure7.3.
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Figure7.3 - Flow paths.

To calculate the total pressure drop over a flow path the pressure drop ostplis calculated and
integrated afterwards. The volumetric flow rate right below the plate, at dR1 follows from the
upward velocity of the plate which is known as input.

0
Where:

w rE Upward velocity of the plate

WrEY

“Y=Surfae located baeath the plate at dR

Now the specific flow rate is known as function of the radius

0

. ‘
d “Yi
The pressure drop per step analogue to Darcy:
Qni ni z7 2z Qi
r]l TQ
With:
Qi -
€
Where:

w=arc length
¢ =number of stepof the flow line

X® ¢

X® ¢

X® T
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Integrating the pressure over the flow path gives the total pressure drop per flow path. Integrating
over the pie slices gives the pressure drop per pie slice. Knowing the surface of a pie slice the force

per slice and thus for the platis known.
0 & T X® U
Where:

€ =Number of slices
[9]] =Pressure drop per slice

In the above scenaridt, is assumed that the flow path distance on the plate is the same as outside

the plate, in othemwords the distance is mirrored around the edge of the plate, see the blue path in
Figure7.4. This might not be the case; therefore, the flow path distance can hestad| using a

mirror factor. However, the surface of the flow path also changes, not only the length. The step size

of the flow path becomes a variable. This makes sense because the surface outside the plate must be

completely covered by the flow paths.

i — dR2 dR3

S

~ -

‘‘‘‘‘
~ -
----------

Figure7.4 ¢ The tuning factor of the flow paths.
It is assumed the during the lifting the plate will extract sand from the bottom, the maximum amount
of sand is considered as an upper limit for the anafftimodel, Finn and Byrne (1972) state that very

high suction can develop under embedded object during pullout. When such suctions do develop, a
general failure can occur. This general failure is set as the upper limit of the model. Initially this is set

as the volume of half a sphere times the density of the soil.F3gare7.5
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Figure7.5 ¢ The limitation of the model.
7.3 Expectations

7.3.1 2-Dimensional model
Both the 2Dimensional and the-Bimensional model can simulate the pressure development under
the plates.

The 2Dimensional Analytical model is directly based on the cutting mod@igidema, 204). The
plate is simplifid in the test setup to force thsituationto act like a 2Dimensional model by closing
of the 2 sides of the platelheoutcome of the pressure development of theldfmensional analytical
modelthereforeis linear, sed-igure7.6

Figure7.6 ¢ Linear pressure development under the plate.

7.3.2 3-Dimensional Model

The 3Dimensional modalses the pie slice method to accommodate for the effects occurring around
the 3-Dimensional round platelhe pressure drop, which eventually gives an estimate for the lifting
force, is strongly dependent on the length of the flpath and the surfaced ofiie flowpath. At the
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center of the plate the surface of the flopathis very smallThis flowpath gets its water supply
from the largest area outside the circle.other word, the 1 in the equation dps as it is divided by
the surface of the flow lingvhich increase as we move alongside floev pathaway from the center.
The Ds in the equation has its maximum for the flow line going to the ceflterincrease of the
length of the flow line cannot match the decrease in surface area of the flowgrattherefor in the
pressure development under the plate according to tABithensional analytical model an optimum
is present. This optimupalso visible in the force developmetigs at about 40 percent from the
plate edge, sed-igure7.7
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Figure7.7 ¢ The force development under htie plate

Combiing the development for the total plate gives the results showRigure7.8
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Figure7.8 ¢ The pressure development under the total plate
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The question arises if this is realistic. &hsn the measurements this phenomenon is not possible.
What is happening?

At first suppose the plate imfinite long pulled at with a certain velocity assuming a stationary
situation. Water has théendencyto flow form areas with high pressure to areagh alower
pressure Flowof water alongside the bottom of the plate is not incorporated in the model

The second point is that during the calculation there was assumed water in incompressiaés, In
water is for a small part compressibla.real the real situation the pressure will due to these 2 points
be evened out. The pressure development will loadre like that in Figure7.9
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Figure7.9 ¢ Corrected pressure development under the plate.
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8 Validation

8.1 Introduction

In this chapter the comparison between the model and the measerg data will be investigated,
both for the 2Dimensional modeind the 3Dimensional model. The models itself are explained in
Chapter7.

To validate the modethe force calculated by the modehust compared with the test da. If, for
example the test data has a standard deviation from the model the model can be corrected for this.
At the beginning of the comparison a cdrtgpermeability must be choseré velocity is derived

from the test data The point where the veldgiis chosen is not obvious. The first approach is to take
the mean velocity over the total breakout process.

As mentioned before in paragraf3.1the permeability of the sand was tested and found at6be
m/s for the Silverbond sand and -Bem/s for the Geba sand. This are the firstuihpalues for the
permeability as they will result in the maximum force, no smaller permeability is possiblesarnhe
bed

8.2 2-Dimensional Comparisons

For the 2Dimensional model an input permeability is first chosen a6%38/s. combined with the
different velocities from the tests the model givegrediction for the force. As this (Net) force was
also measured it gabe compared with the model dat&or the Silverbond sartds is done ifFigue
8.1. As can be seaghe model over estimates the force roughly by a factor 10.

1400
1200 -
1000 -

800 -

600 -

Calculated Force (N)

400 -

200 -
+10%
-10%

0 200 400 600 800 1000 1200 1400
Measured Force (N)

Figue 8.1 ¢ 2D- Model comparison for the Silverbond sand, the trend is visible but the model over estimates.
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For the Geba sand the permeability used wasfa/s. Using the velocities from the test data the
model outcomes versus the test data can be seefigure8.2. Again, the model over estimates.
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Figure8.2 ¢ First pedictions of the model, a large over estimation.

Scaling back the permeability with a factor 10 is not realistic. The question arises if the right velocity
was chosen. If the velocity is the mean velocity over the process it is assumed that the model
assimptions are valid during the complete process, but are they?

An important observation of the tests is that after the test almost every time a large gap can be
spotted in the sandbed underneath the plate. During the lifting process the séed starts to
expand with the result that the permeability of the sand increasee.\iidter flows with less
resistance trough the sarfaed.

As an input parameter of the model a constant permeability is taken. If this permeability increases
during the process the model will give an over estimation. So maybe the nsoule valid during the
complete process. To validate this the velocity is yred again, now only at the beginning of the
process. This makes sense as the daettis thoroughly vibrated after every test to ensure maximum
packing and thus, in the beginning of the lifting process, the assumptions of the model should be
valid.

The velocity follows from the pointhere the load has reached its maximum, §egure8.3.
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Load vs. Velocity
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Figure8.3 ¢ The pointwhere the velocity is derived from the test data.

Using the new velocities, the model predictions seem to give a much better fit to the measured data.
Figure8.4 gives the modepredictionsfor the Silverbondand. What can be seen is that, using the
measured permeability from the laboratory, the model predictions are within the 10% margins. For
the Geba sand a factor three has to be used to fit the model predictidgthsthe test data, this can

be seen inFigure8.5
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Figure8.4 ¢ The model versus the test @awith the new velocities for the Silverbond sand.
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Still, using a factor three for scaling the permeability is quitgdaln the beginning, circular flow

paths were assumed and they seem to work for predicting the force using the Silverbond sand. As
the Geba sand has a larger porosity it is possible that the water travels a larger distance in the sand
bed. To investigatéhis the tune factor was built into the model. Using a tuning factor of 2 and the
initial measured permeability of the Geba sand giviggire8.6. What can be obseed is that using

longer flow path lengths in the model the fit, using the measured permeability and the new
velocities, is quite good.
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Figure8.6 ¢ The model versus the test data using a tune factor ferflbw path length.

8.3 3-Dimensional Comparisons

100

For the 3Dimensional model the permeabilityirtially chosen at the value determined by the soill
testing at civil engineering. This value is the maximum vadissibleandtherefore determines the
maximumforce. The velocities were initially the mean velocities over the complete lifting process.

Setting out the model data for the given permeabiltydversus the test datéor the Silverbond

sandgivesFigure8.7.
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Figure8.7 ¢ The measured datset out versus the model data for the Silverbond saitidl the mean velocities over the
complete process.

What can be observed is that the model over estimatesdht, just as with the -Dimensional
model.

Adjusting thevelocities in the same way as with thed2mensional model givdsigure8.8. What can
be observed is that the predictions of the model fit the measurement data within a 10% margin. The
same as with the -Dimensional model.
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Figure8.8 - The model versus the test dawith the velocities from the beginning of the process for the Silverbond sand.
Note that the permeability stays the same.

For the Geba sand the first predictions can be seeRigure8.9. As can be seen the model over
estimates the force roughly a factor 10. Using the velocities from the beginning of the lifting process
the permeabilityneeds a scale down of a factotalgive a good fit, seEigure8.10
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8.4 Scaling

Now the model is validated with thest result the question arises how the results can be scaled to a
reaHlife situation. From the test results the mean displacement of the plate needed for breakout is
known. This mean displacement combined with the load which results in under pressueesthet

the amount of water that is needed during the lifting process.

All tests results showed that the plate was lifted roughly 2 millimeters before breakout. This
displacement can be translated into a volume created under the plate which lead to idifatdithe
sand. This volume increase has to be filled with wakers volume increase is due to the
displacement of the plate.

To scale the results properly it is important to chéwuk thickness of the sand layender the plate
whichis influenced by idatation. In thereatlife situation,the sand influenced will probably have a
non-rectangular shape but for the sake of simplicity a rectangular shape will be assumed.

The dilatation is defined as
f — up

The displacement combined with the plate area determines the added volume due to the lifting
process to the influencedone.

0 QzvY U
Where
‘O Volume created under plate by lifting
‘Q  Displacement of the plate during breakout
Y Surface area of the plate

Now the extra volume is known thelume of theinfluenced zone can be calculated by dividing the
added volume by the ditation.

o)

Where:
‘O Initial volume of the influenced zone before the lifting process.

The equvalent layer thickness of &influenced zones then found by dividing this volume by the
surface area of the plate.

<lo

g
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This layer thickness can be calculated for every test with the minimum and maximum pasosity
input. These are tested #e civil engineering laboratory. The values for the Geba sand tested

0 ™ X

0 ™ T
And for the Silverbond sand:

V] ® T

] & W

The layer thicknessegethan calculated foevery testand can be found iAppendix DFor Both the
2-Dimensional and-Bimensional test the mean of the layer thickness is calculated per sand type,
seeTable8.1. The layer thickness is then defined as a percentage of the plate width in case of the 2
Dimensional setup and the diameter in case of thBighensional setup.

Mean Layer Thickness (mm) Percentage of width or
diameter

13.9 6,9%
6.8 3.4%
3-
3-

D Silverbond 17.9 9%
6.7 3.4%

Table8.1 ¢ The mean layer thickness per test setup and sand type. In thecdlyimn the layer thickness is defined as a
percentage of the-D plate width and the -® plate diameter

The influenced zone can now be scaled teaklife situation and used to determine the size of the
reakife mud mat.

No relationship, between the mean layer thickness and the width or the dimeter of the plate, other
than a linear relationship can be concluded until more tests are conducted.

To do so the righscaling factor has to be found. At first the definition cfcaling factor:

A scaling factor of a quantity is the ratio between the value of the quantity in the prototype and the
model:

., W "
€ -~
w

The time of breakout is dependent on the volume under the plate created by lifting the plate and the
flow rate. Therefore:

. - e
& —
B

With the volume defined as length to the power three:
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The flow rate is defined as

The upward velocity of the plate is given by Darcy:
€ € z¢ Yo
Where (s defined as:

0 " "Q0
The pressure 5 linked to the imposed load per area:
n 2 U p
0
Where B is the imposed load.

So, with” and"Qconstant in themodel and prototype environment, the scale factor is defined as:

. €
€ —
z U C
Substitutingthe abovein equation8.6 gives the final scale factor:
. 3 3
3 — o
¢z ?:E_ £ 2¢ ad

So,when scaling the time of breakout, the time is dependent on a length scale, pressure and
permeability if the soil conditionare not constantForinstance whenthe length scale becomes 10
times larger than the breakouime becomes 100 times larger when keeping pressure constant.

It is not certain if this scale rule is valid until full scale test have been conducted.

8.5 Conclusions

For the 2Dimensional model theredictions compared with the measured ddie within the 10
percent margins for the Silverbond sanking the model for predictions in the Geba sand the tune
factor needs to be adjusted to give a good fit.

Apparently when using the model in Geba sand irRCdrBensional situation the flowne length

needs to be adjusted. The question is of this factor used to fit the model on to the test data is
realistic. The model is built around a number of assumptigrsane of the assumptions was that

the flow lines are circular. What probably is happening is that the flow from the free surface of the
sand next to the plate to the section covered by the plate is more of an ellipse form, in other words
more horizontal flow. In this way, the travelled distance of the water in the sand is lower which
results in a lower prediction of the force of thel@mensional model with the Geba sand. This is
somethingthat adjusting the tune factor proves.
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What can be observed is that the model @ivereasonable predictions given the velocity is derived
from the beginning of the lifting process. The model is valid witlonstant permeability.

For the predictions of the-Bimensional model the same treman be spotted. What can be seen

with the Silverbond sand is that the fit of the model over the test data is reasonable accurate. For the
Geba sand roughly a factor 4 is needed. Using a tune factor inEhm&nsional model did not give
satisfactory reslts. A tune factor of 400 was needed to fit the model over the tesadath

reasonable accuracy. The problem here is that the model uses flow paths instead of flow lines. This
was done because of the circular shape of tHeifiensional plate as explaidén paragraptv.2.

Adjusting the tune factor does not only increase the length of the flow path but also increases the
area of the flow path over the length. Adjugy the flow path length does therefore not have such a
great impact as with the-Dimensional model. This is something that needs further investigation.
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9 Conclusions and Recommendations
This chapter gives an overview of all the conclusions andmewdations made in this report. First
the 2-Dimensional conclusions and recommendations are answered, laterBim8nsional case.

9.1 2-Dimensional Conclusions

The preliminary experiments already showed that under pressures were present during lifting
operatiors in fine grained sand. Thed¥mensional experiments show that the breakout time is

related to the permeability of the sand. A factor 10 in breakout time given the same load between
the Silverbond and Geba sand is the redeit: the breakout time it cahe seen that doubling the

load does not result in dividing the breakout time in halve. The Geba sand seems to have this trend
but especially the Silverbond sand differs a lot.

The pressure profile under theRimensional plate was assumed linear, the tag$howed
otherwise. A more rectangular pressure profile is present.

The mean displacement before breakout for the two different sands is about the order of 2
millimeters during the testing with different loads. It can be concluded that the grain sthe snd
does not influence the mean displacement before breakout.

The 2dimensional model seems tgive reasonable predictions when using velocities from the
beginning of the liftingrrocess. The Geba sand needs adjusting of the tune fexgive a god fit.

Further research concerning theDimensional case would be useflihe model could use some
attention. It would be useful if the model could make predictions over the complete lifting process. A
variable permeability should be taken into accoastthe porosity of the sand changes due to the
lifting processilf this is done correctly a time prediction could be built in to the model.

To say something about the flow lines in the sand one should consider using pressure sensors in the
sandbed. Also,more pressure points are needed to say more about the pressure profile underneath
the plate.

9.2 3-Dimensional Conclusions

The experiments with the -Bimensional setughowed that scaling the breakout time with the
permeability of the sand has it limits. During the experiments with the Geba sand a too large load
was chosen so that inertia dominated the breakout time. Nothing can be concluded about a relation
between thebreakout time and the permeability for the same load between the two different sands.
What can be concluded is that the breakout time in Silverbond sand follows a nonlinear curve. A
same sort of relation can be seen with the experiments in the Geba sand$mentioned, the
experiments should be conducted with smaller increases in the imposed load.

The pressure sensors of thedBnensional plate gave a good indication of the pressure profile
beneath the plate. The experiments in the Silverbond sand gawere or less rectangular shape
with steep slopes towards the edge of the plate. The experiments with the Geba sand showed a
smoother profile.
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For the mean displacement, the conclusion is the same as with-ien2nsionaplate. No relation
of the dispacement is found with respect to the grain size of the sand.

Testing for consolidation effects showed that poading the 3Dimensional plate in sand does not
make a difference in breakout time. Fi@ading in the case of thoroughly vibrated sand theref
does not make a noticeable difference in breakout time. Testing on loose samdasmmendation
for future research.

The 3Dimensional modgpredicts the lifting force reasonableaccurate. For use with the Silverbond
sandthe fit was within the 10%margins when using the velocities from the beginning of the lifting
process.For the Geba sand the permeability had to be scaled to give a good fit. This is because of
model assumptions and using flow paths. Adjusting the tune factor did not give stargfeesults.

Further research can be dometo modelingthe prediction of the breakouime, this is not
incorporated in the modeds is the case with theRimensional model.
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Appendix A Sensor Data

For further research, it is important to note down the sensors used in the test setup. Four different
DR Sensors were used in combination with a load cell. mbhaufacturesand serial numbercan be
found in the tables below.

Sensor from test Manufacturerand Type Serial Number
Rosemount DP3 S22 7466512/0101

Sensor from test Manufacturer and Type Serial Number

Rosemount DP3 S22 10110818

Sensor from test Manufacturer and Type Serial Number

Rosemount DP3 10110817

Sensor from test Manufacturer and Type Serial Number

Rosemount DP3 10110919

Sensor from test Manufacturer and Type Serial Number
Loadcell Zemic H3&C350kg TC7865

Sensor from test Manufacturer and Type Serial Number

Messotron WT50K 31106

66



Appendix B Permeability Tests

The Permeability tests were conducted on the department of civil engineering of the TU delft. The
Permeability followedrbm a falling head test. The tests have been performed several times and the
Ks value followed from these testhdfirst table gives the test for the Silverbond sand, the second
for the Geba sand.

KSAT

Software Version 1.2.0

Firmware Version 1.4

Last setting of the zero point1-0001
Serial Number 0034

PARAMETER

Mode FallingHead

Sample name Test_50um_chris6_001
crosssectional area of the burette [cm2] 4,536
Crosssectional area of the sample [cm2] 50,18
Sample length [cm] 5,0

Plate thickness [cm] 1,0

Crown type SteelMeshCrowr

Saturated plate conductivitiem/d] 20000,000
Start of measurement-82-2016 11:16:47

Test duration 00:03:04

RESULT

Use auto offset adjustment True
Fitting Parameter a [cm] 6,1E
Fitting Parameter b [4]-1,09E03
Fitting Parameter ¢ [cm]6

Fitting Parameter r24 1,0000

Ks Total [cm/d] 51

Ks Total [m/s] 5,94B6

Ks Soil [cm/d] 43

Ks Soil [m/s] 4,9586

Ks Soil normalized at 25,0 A°C [cm/d] [cm/d] 42
Ks Soil normalized at 25,0 A°C [cm/d] [m/s] 4;94!
06

KSAT

Software Version 1.2.0

Firmware Version 1.4

Last setting of the zero point1-0001
Serial Number 0034
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PARAMETER

Mode FallingHead

Sample name Gebat2_001

crosssectional area of the burette [cm2] 4,536
Crosssectional area othe sample [cm2] 50,18
Sample length [cm] 5,0

Plate thickness [cm] 1,0

Crown type FilterPlateCrown

Saturated plate conductivity [cm/d] 20000,000
Start of measurement +711-2016 11:54:34
Test duration 00:00:54

RESULT

Use autooffset adjustment True
Fitting Parameter a [cm] 5,18
Fitting Parameter b [4] -1,52E02
Fitting Parameter ¢ [cm]

Fitting Parameter r2-] 0,9996
Ks Total [cm/d] 75(

Ks Total [m/s] 8,72B5

Ks Soil [cm/d] 600

Ks Soil [m/s] 6,9785

Ks Soil normalized at 25,0 A°C [cm/d] [cm/d] 595
Ks Soil normalized at 25,0 A°C [cm/d] [m/s] 6;92I
05



Appendix C Sieve Analysis.

The sieve analysis has been performed by Ir. Rik Bisschop during his Phd research. two of the sands
he used in hisesearch were the Silverbond and the Geba sand. The sieve analysis is shown below:

D10 Dis Dso Deo Deo/D1o

Silverbond 0,092 0,098 0,125 0,133 1,45
0,017 0,021 0,051 0,057 3,35
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Appendix D Layer Thickness

2-Dimensional test, Silverbond Layer Thickness (mm)
2D-S130N-2 15.1
2D-S130N-3 114
2D-S150N-1 11.4
2D-S150N-2 151
2D-S170N-2 15.1
2D-S170N-3 151

9.2
9.2
9.2
6.1
3

4.6
6.1

3-Dimensional test, Silverbond Layer Thickness (mm)
3D-S65N-1 15.1
3D-S65N-2 15.1
3D-S65N-3 30.3
3D-S70N-1 11.4
3D-S70N-2 22.7
3D-S70N-4 18.9
3D-S90N-1 15.1
3D-S90N-3 18.9
3D-S110N-1 18.9
3D-S110N-2 15.1
3D-S110N-3 15.1

3-Dimensional test , Geba Layer Thickness (mm)
3D-G-50N-1 7.7

3D-G-50N-3 6.1

3D-G-60N-1
3D-G-60N-2
3D-G-60N-3
3D-G-70N-1
3D-G-70N-2
3D-G-70N-3

7.7

7.7
6.1
6.1
6.1
6.1
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Appendix E 2-Dimensional Test Results

In this appendix, the-Dimensional test results are shown. From the many graph produced, there
was chosen to show the Load and the displacement versus the time in one graph and the Pressure
and the velocity versus the time in the other. All used datalmaderived from these 2 graphs. On

the start of every page thest number is mentioned.
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2D-S130N-3

Load and Displacement vs. Time
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2D-S150N-1

Load and Displacement vs. Time
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2D-S150N-2

Load and Displacement vs. Time
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2D-S170N-2

Load and Displacement vs. Time
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2D-S170N-3

Load and Displacement vs. Time
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2D-G90N-3

Load and Displacement vs. Time
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2D-G110N-1

Load and Displacement vs. Time
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2D-G110N-2

Load and Displacement vs. Time
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Appendix F

3-Dimensional Test Results
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