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Executive Summa

In situ testing of soils provides a more accurate pro6le than core
sampling. A piezo-cone penetrometer provides data in this manner. The
insertion of such a device is an intricate procedure. It can be performed on
land with the aid of machinery and human supervision. Testing of ocean soils
adds many problems since human presence at the penetration site becomes
much more dif6cult.

A solution to the ocean soil penetration dif5culties requires several
systems. The necessary components include a framework to hold all
components, a drive system to push the penetrometer into the soil, and an
anchoring system to provide the necessary reaction force so the kame will not
move off of the ocean floor.

The kame was built in four sections, which are bolted together before
use. This helps facilitate transport to and Born the boat. It stands roughly
Gfteen feet tall when assembled and supports the thirty foot section of pipe
attached to the penetrometer. This support is provided at the top of the frame
through the use of two rollers. These rollers allow motion in the vertical
direction, but constrain the pipe Rom moving laterally within the frame,

The drive system is run hydraulically, using two pistons to drive the
pipe. The dif5culty encountered with this con6guration is that a clamp is
necessary for the pistons to transmit force to the pipe. Therefore, a machine
collet was manufactured to Gt the speci6cations of this application. Two
other hydraulic pistons are used to activate this clamp.

Six suction anchors of twelve inch diameter are to provide the necessary
reaction force. They are bolted to the bottom of the kame so they can be
detached for easy transport. They are evacuated by use of a pump on board
the boat with a hose running Rom the anchors to the pump. They are
released by reversing the pump and pushing water back into the anchors.



Pro ect Descri tion:

A. Background:

Soils analysis is a major function of Civil Engineering. One method of
testing soils is core sampling. This method's validity has been questioned due
to the removal of the soil sample &om its enviroment to the lab, In situ
testing of soils with a piezo-cone penetrometer �gure 1! provides very
accurate information regarding the soil's properties. This accuracy of soil
analysis is desired for ocean Qoor soils. Therefore, a device to deploy and
recover the penetrometer in the ocean environment is necessary.

B. Considerations:

Several constraints and requirements had to be considered when

designing the penetrometer pushing platform:
1! The system must provide up to 6ve tons of force for driving

the penetrometer.
2! The system must provide a constant rate of descent of 2 cm/sec

for the penetrometer.
3! The system must be deployable Gom the UNH Gulf

Challenger.
4! The system must be self suf6cient: i.e., no diver should be

required for testing.
5! The system must be able to penetrate soil up to thirty

feet down Rom the ocean Qaor.
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Desi n A roach:

A systematic approach was taken to the solution of this design problem.

The design of the entire system was divided into several subsystems. Group

members were split up to work on the subsystems so the work could be

divided evenly. The groups stayed in constant contact so that no system

would impede another systems use. Also, ideas were shared between groups

so that the best design possible could be achieved.

The project was divided into three subsystems initially. These were the

Rune, drive, and anchoring systems. The kame's purpose is to connect the

anchoring system to the drive system and support thirty feet of pipe. The
drive system is required to provide the necessary Sve ton driving force to the
pipe attached to the penetrometer. The anchoring system's purpose was to

rigidly attach the platform to the ocean Boor.

As the project progressed, it became necessary to implement several

other subsystems. These included the development of a guide, to insure that

the pipe did not move within the Same. A braking device to prevent the pipe
f'rom falling back into the hole during extraction, and a method of launch,

recovery, and transportation had to be developed.

The time table  Figure 2! shows how the given time to completion was

allocated, and how the time was actually spent.

The proposed budget  Figure 3! gives a breakdown of how the funds

were distributed.
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Budget

Price Price

Estimated Actual

Division Need

$384
0

<50

$700Anchors

500
0

300

Frame

Support

42,300 $2,284TOTAL

Anchors

Pump
Hose/FitUngs

Pistons

Hydraulic gear
Control

Materials

Fabrication

Misc. Hardware

Photocopies
Phone

500

0
0 0





Block Diagram of System Approach





2. Augers:

An auger anchor is thin circular shah with a helical tier at one end

 Ggure 6!. When screwed into the ground, it generates anchoring force by

holding soil in the form of a paraboloid above the tier. The P' design team
Grst viewed a land based penetrometer at Pease International Tradeport in

September 1993. This system used augers for anchoring, Due to low soil

resistance and ease of accessibility, these augers were screwed into the ground

under human power. For an underwater platform human installation is not

possible. Although it was concluded that the same approach would work if

installation could be conducted by a motor with the output shaft attached to

the auger. To keep costs low, a chain drive around the perimeter of the base

of the platform was suggested. This would provide rotational motion for all

of the augers while requiring only one motor  Qgure 7!. Upon the
presentation of this design, concerns were raised about cases when the soil
under each auger would not be the same density. This would affect the input

torques created by the soil on the chain drive. If these torques were not

constant, a moment would be applied to the chain which could produce plastic

deformation or failure of the chain or motor. It was then decided that each

auger should have its own encased motor and the chain drive wouM be
eliminated. With this decision, the cost of the using augers increased

fourfold.

A system was designed to handle the landing of the platform. AAer

deployment, the augers would each be spinning by the rotation of their
individual motors. Pistons mounted to the'underside of the platform base

would hang lower than the augers while uncompressed. Upon landing, these
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pistons would compress under the weight of the platform. While

compressing, the spinning augers would engage the soil and begin generating

anchoring force. Upon full compression of the pistons, the augers would

reach their full input depth  figure 8!.

At this point, actual values of anchoring force generated by augers were

investigated. A comprehensive anchoring test was set up and carried out at

the Jackson Estuarian Laboratory in Durham, N.H,. Using a three hundred

pound scale, a block and tackle arrangement, and a stationary tripod,

anchoring forces were measured by pulling augers imbedded in soil out of the

mud Hats at the Estuary �gure 9!. With the results of this test, a

mathematica1 model relating anchoring force to depth of anchor submerged

was constructed. This was done by using the relation that the auger anchoring

force is generated by holding soil in the form of a paraboloid of volume

above the tier. Knowing the length of the augers tested, the volume of the

paraboloid was calculated using multidimensional calculus  Appendix A!.

Using the determined force value Bom the test, density was calculated using

equation l.

After 6ading the value for density, the submerged length of the auger can be

varied, thus changing the volume of the paraboloid and the holding force.

This was done to optimize the anchor length �gure 10!. Results Rom this

mode1 suggested that either auger or tier extensions or a combination of both

would be necessary to meet the anchoring force requirements.

It was now concluded that auger lengths would be to long to hang off

of the bottom of the platform without concern of snapping under the impact of
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landing. To combat this problem motors sliding on rods were suggested
�gure 11!. This would allow some of the length of the auger to be retracted
into the kame of the platform. The problem here is that the motors must be

on sliders and encased to be protected Rom the muddy environment. Also,
auger motion would now have to be both linear and rotational. The idea of

four separate augers each operating with its own motor was getting too
complex. This lead to the investigation of suction anchors as a new

alternative

3. Section Anchors:

Suction anchors are cylinders that are open on one end. The open end
imbeds itself into the soil creating a desired suction area. A positive

displacement pump attached by hose to each anchor pumps out the water Rom

the silty soil below  figure 12!. This action generates a holding force. To
releive the holding force, water is piunped back into each anchor thus

breaking the seal. Use of suction anchors is restricted to silty or clay soils
that contain a signi6cant amount of water to be pumped away.

After being introduced to the idea of suction anchors by the Sediment

Coring Device report done by UNH students in 1988, the idea was

investigated further by the P'design team. To learn more about the workings
of a suction anchor and to calculate the anchoring force values that it could

generate two suction anchor pull out test were set up. Similar to the auger
pull out tests, they were carried out a the Jackson Estuarian Laboratory.

Various sized cylinders were tested. From the results obtained, it was learned

that suction anchor hoMing force is proportional to the volume of the cylinder

submerged  figure 13!. With this new relation, calculations were done to Bnd
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the optimal geometry for this application  Appendix 8!.

Results showed that six cylinders of twelve inch diameter and 6fteen

inch length gave the necessary volume to produce the anchoring force

required. This also met the stress requirements  Appendix C!. These anchors

needed a top piece which would overhang along the cylinder edge. This

would keep the entire anchor &om sinking into the sediment under the weight

of the platform. A hose used for suction was attached to the top sheet on

each anchor. These six hoses would aH come together to one at the top of the

platform. Therefore, only one teather of hose would go from the platform to

the pump on the boat  figure 14!.

Upon analyzing the design alternatives for anchoring, it was decided

that suction anchors would be used. Although their use would be limited by a

teather of hose to the boat, suction anchors were the most simplistic and low

cost way to meet the platforms anchoring requirements.

4. Fabrication:

These anchors were fabricated by rolling l0 gage steel into cylinders,

welding the cylinder seams, and then weMing the tops on. This work was

done at FedCo. Manufacturing in Somersworth, N.H.. A hole was then

drilled in the top of each anchor and a threaded Gtting was inserted to allow

for a standard hose attachment The rest of the hose was then cut and 6tted

so that only one piece went Born the platform to the pump on the boat. The

pump was supplied at no charge by UNH. These anchors were painted for

rust protection and bolted to the bottom of the platform base for easy removal.
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B. Drive System:

1. Criteria

Before drive configurations could be analyzed in any detail, it had to

determined whether the drive pipe is to be assembled remotely and

automatically, or on the surface by the operators. The plausible drive setups

for each case would differ markedly from one another, as well as have a

considerable variation of possibilities within each case.

The concept of remotely assembled drive pipe  figure 15! is arguably

the most effective and size conservative method of performing the under water

penetration operation. Pipe sections would be stored, assembled, driven,

pulled out, disassembled, and replaced in the holders, automatically. The

highlight of remote assembly is the elimination of the bulky, elongated

&arning system needed in the case of pre-assembled pipe. A remote assembly

system would be the simplest to operate, relative to the user, and easiest to

transport and handle. Due to the complexities, however, the scope of this
design is far beyond the time and resources allocated for a Qnal product. The
pre-assembled drive pipe method is the only realistic alternative, and all drives

are considered to fit this scheme.

In examining the many, varied possibilities of performing the

penetrometer driving operation, hydraulics and pinch rollers have shown to be
the easiest to implement and most effective in use, considering the harsh, dirty

environment.
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a. Pinch Roller Drive:  Not Used!

The pinch roller drive is shown in 6gure 20 k 21. This system uses the

concept of frictional force to achieve the driving movement. By applying a

normal force with pneumatic pistons, which are activated from the boat, a

fictional force is achieved with a static coef6cient of &iction of

approximately 0.7  Lindeburg!. The materials considered are steel rollers on

the steel drive pipe which is fastened to the penetrometer. The roller surface

could be made concave to make a better 6t around the pipe. This 6t allows

for the rollers to distribute the force more evenly. This is essential since

damage to the pipe is undesirable.

In considering the force analysis, system complexity, and bulk, four

rollers proved to be the most desirable con6guration both in size and in

assembly. Two dc motors can be used to drive the rollers  Table 1!, By

using the gearing con6guration shown in 6gure�1! the drive pipe can be

pushed in or out of the ground by reversing the direction of the motors. One

motor is needed to drive two of the rollers.

The assembly is fastened rigidly to the frame with the use of two steel

plates. These plates support the reaction moment which occurs during

operation. This moment is transmitted Born the shaft of the rollers to the

plate. The pneumatic pistons are not required to counteract this moment.

Their only purpose is to supply the required normal force. This is important

since the pistons are relatively weak with forces which are not in line with the

pistons line of motion.

The advantages of such a system is the cost and ease of fabrication.

Compared to a hydraulic system the components of the pinch roller assembly
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are somewhat less expensive. The fabrication wiH not require outside

consultants since the system is familiar to the project team. The

disadvantage of this system is that it is not as reliable as the hydrauUc drive,

The transmitted drive force is solely dependent upon the fictional force

between the rollers and the pipe. If the coef6cient of &iction varies due to

external factors failure could result.

b. Dual Pistons Drive

The method selected for the drive system is the dual piston drive. This

incorporates two 3 in. dia., 16 in. stroke pistons that will both push and pul

the drive pipe  Figure 22!. This system incorporates the simplicity of surface

assembly with an easy to design drive. The main dif5culty in using such a

drive system is the design of the clamp necessary to transmit the pistons

driving force. In order for this system to %action eff'ectively, a two-way

clamp must be used. After careful consideration of clamping needs, a 6oating

four tapered jaw arrangement with a second set of clamping pistons 6xed to

two' actuating plates was conceived  Figure 23!. Problems with this design

 discussed below! made it necessary to re-evaluate the Boating jaw principle,

resulting in the collet concept, used in the 6nal design.
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b. 1! Four Jaw Clamp:  Not used!

As the clamping pistons shown in 6gure 24   bottom caps Gxed to top

plate, rods Gxed to bottom plate!. stroke, the two plates  with thru holes

tapered to match the jaws! squeeze on the jaws, pressing them against the

pipe, providing the rigid connection necessary to transmit the force of the

drive pistons. The use of four jaws as opposed to two or six or eight, etc.

was decided upon based on surface contact uniformity, projected wear, and

complexity of machining.

A sixteen degree included angle taper was chosen based on the

constraint that eight degrees included was the minimum required to prevent

lock-up. A lock-up prevention factor of two seemed reasonable considering

the material properties were unknown at the time, due to budget constraints.

Tables 2,3 k 4 show that the clamping piston force necessary at sixteen

degrees was easily obtainable by the hydrauHc components available for the

project. A simple stress analysis  Figure 25 and Tables 5-7! shows that the

size of each portion of the clamp is not determined by failure, but by the

necessary geometries. 'Ms allows the clamp to be designed around the other

necessary constraints, such as available space. The inherent fault with the

Noating jaws is that because they are floating, their engagements to the pipe

may not occur simultaneously or uniformly, due to environmental factors

present at the ocean Boor. 'Ms may prevent adequate gripping or even cause

lockup.

The proposed solution to this foreseen problem was to 6x the four jaws

together, constraining them to operate as a single unit, providing uniform and

simultaneous gripping. This solution led to the idea of a single unit with
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clamp piston analysis

Minhnum required pressure for various bores
bore bore bore bore bore bore
in in in in in in

piston
force

lb

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0.$
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I
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8488. 3
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4774 ' 6 305S.8 2122.1

4456.3 2852.1 1980.6
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3819 ' 7 2444.6 1697.7

3501. 4 2240. 9 1556. 2

3183. 1 2037. 2 1414. 7

2864.8 1833.5 1273 ' 2

2546.5 1629.7 1131.8

2228.2 1426 990.3

1909.9 1222.3 848.83

1591.5 1018.6 707.36

1273 ' 2 814 87 565.88

954.93 611.15 424.41

636.62 407.44 282.94

318.31 203.72 141.47
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clanp tooth ~~~ From the analysisit is shown that
length is not a limiting factor
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Stress analysis on top and bottom plate
arioos moments
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gripping surfaces that could be elastically bent into place, similar to a metal

cutting tool holder known as a coDet.

b. 2! Collet Clamp  Fixture!

As mentioned above, the collet clamp  Figure 26! incorporates the same

principle as a metal cutting tool collet. The collet is threaded at one end to

mate with matching threads in the top plate, which is 6xed to the rod ends of

the drive pistons. Two additional 2 in. dia. pistons  with the same

con6guration as for the four jaw clamp, see description above! provide the

needed force and motion to the bottom plate, which intern, squeezes the

collet's flexible jaws to the pipe by way of the 16' taper angle. Since one
3000 psi, 2.1 gpm pump is used for both sets of pistons, an accumulator is

incorporated to maintain pressure to the clamp pistons during the driving or

pulling stroke.

Unfortunately, this Qxture could not incorporate an off the shelf tool

holder as these do not exceed 1.125 in dia., whereas the drill pipe is a full

1.44 in. dia. However, the ratio of dimensions of existing tool holders was

used to initiate the design for this application A stress analysis of the clamp

jaws in bending  Table 8! showed a stress of 56 ksi. 17-4 stainless steel, heat

treated aAer machining to roughly 150 ksi yield strength showed to be an

optimal material to provide necessary strength as well as salt water corrosion

resistance. However, budget constraints again dictated actual design. A

donated round of 304 stainless steel in the fully annealed condition  which can
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Chmp Bsndhg Peahysis

Gexnetry ArM~s  see fig. 1Q

d2 gn! = L0825R2 gn! = 25

stroke gn!
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not be heat treated! with a yield strength of 34 ksi was used. This low yield

strength will ultimately result in some plastic deformation of the Qexible jaws,

but not enough to hinder clamping operation in any way. Another foreseen

problem, due to low yield strength, is possible fatigue cracking. In any case,

proof of concept was de6nitely accomplished, and with the correct material,

this design will prove to be a very ef5cient and usable 6xture.

The two plates, which are 1 in. thick, 8 in. square 316 stainless steel

with a yield strength of 32 ksi, were also donated. As opposed to the collet

material, 316 stainless is precisely the material needed for the application. A

stress analysis of the plates  Table 9! yielded only 6 ksi, well within the

strength of the material. With a suitable clamp design completed, the

remaining hydraulic components, lines and ettings, must simply be picked

out and purchased.

Initially, the control of the hydraulic drive was envisioned to be

completely automatic, but budget constraints forced a simpli6ed, manual

approach in which an operator on the boat will initiate each piston stroke in

the appropriate sequence.
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C. Frame:

1. Criteria

The kame must incorporate light weight, strength, ease of assembly and

deployment, while remaining in the constraints of the budget and the allotted

fabrication time. A basic con6guration of the Same is shown in 6gure 27.

The primary forces involved are the reaction force required by the drive

system  Stons max!, the drag on the assembly due to currents, and the weight

of the structure during launch and recovery. The size of the base for the

Same will not be dependent upon the drag force. Using a current of 1 knot,

the minimum base width essential for stability was calculated at less than 1 ft.

 see Appendix D!. The size of the base is more dependent upon the weight of

the pipe it is supporting and the volume requirements of the components

involved.

Providing the necessary strength could be easily achieved if weight was

not a factor. Our assembly must have a minimum weight to allow for ease in

handling. This can be achieved with the use of a light weight truss where

members that experience forces of greater magnitudes will be more

structurally sound. A 6nite element analysis was performed on the bottom

section of the truss where the kame was tethered for launch and recovery �

in. angle iron 1/4 in. thick! �gure 28!. The analysis shows stresses which are

all below 1 ksi  Appendix E!. This is well below the yield stress for

structural steel.

A stress analysis was performed on the Same members which transmit

the reaction force from the drive system to the anchors  table 10!. Using the

method of superposition and the equation for stress:

Eq 2
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Maxim' Beam Length Analysis - HONeN Rectanguhr Beam

Beam Dimensions  e!
Width 4

Height 4
60 72 84 96

36833.33 44444.44 52023.81 59583.33

7hiclmess

|in!
0.125

0.25

0.375

as

0.625

0.75

Irz gn" 4!
2.54425

*853841

6.94NSS

8 828125
10.521 14

12.03613

Length in! 38
Mo 21 388.89

Qress S.F.~

W!
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-7616.86

~95

402K 92

~.18
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29168.67

4

W!
44:63.7

-17855.3

-12481.4

~17.1'1

4237.38

72%54

 psi!  p4
<7689.2 W 489.4

~.4 gllgll
-17474 -22RKks

-13744 -17721.1

-11532.3 -14869.5

-1008a8 -12997.9

 pe!
-75389.4

49517.1

47tm7

-21 727.1

-1823a9

-15936.1

 psij
~1.8

~35 8

i32739.7

-25751

W 607.3

18887.6



where a is the stress, M is the moment, y is the location &om the centroid,

and I is the moment of inertia through the cross section  see Appendix F! the

maximum stresses were calculated. with a safety factor of 4. From the

analysis 1/4 in. thick 4X4 in. steel square tubing was found to be optimal
when taking into account the cost factor.

The kame must also be easy to transport, deploy, and retrieve and still

be able to support the 30 ft. length of pipe necessary for penetration. The
structure wiQ be required to be around 12 to 15 fL tall. This requires that the
Game assembly transforms into a more desirable configuration when not in
operation. There were three proposed methods for achieving this. These are
the hinged kame, the collapsible kame, and the sectioned bolted frame.

2. Hinged Frame:

The hinged kame is shown in figure 29. The hinged Rune folds over

with the requirement that a fastener must be employed to secure the sections
together. The hinge allows the assembly to be quick and easy. This is
essential when performing tasks at the air water interface. Other positive
aspect of this design include relative ease in fabrication and its cost ef5ciency.
The negative characteristic of the structure is that it only shifts the volume to
a different section by folding the top over. This makes the &arne bulky and

cumbersome in transportation.

3. Collapsible Frame:

The collapsible kame is shown in figure 30. This system collapses the
top portion of the &arne into the bottom section when it is not in use. This
can be achieved using some type of driving force to lift the top portion. This
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will be relatively easy since the top portion is not required to support much
force, thus this section wiB be relatively light. This top portion then locks

into place and with the use of proper geometry the moments experienced can
be transmitted to the bottom portion of the truss. Three different methods for

achieving this linear motion are the buoyant force, spring force, and an

external force.

If the top portion of the kame is positively buoyant it will rise into

place when lowered into the water. The buoyancy could be achieved by
placing a material such as syntactic foam inside the top portion of the truss.
The problem with this design is that it requires guides with a good enough

tolerance to prevent binding,.

A spring force could also be used to HA the truss. By preloading the
springs with the top section fastened to the base, the top section can be
accelerated upward when the fasteners are removed. The dif6culty in this

design is that it requires large springs which will be diKcult to compress for

storage of the structure.

The external force method requires that the winch on the boat pull the

top section into place before the system is deployed. The winch will be
required to hold the bottom section while lifting the top. This method is the
most optimal of the three since it is the most reliable.

Two designs were analyzed to lock the top section into place once it is

raised. These were the cam locking system  Ggure 31! and the knee locking

system  figures 32 to 35!. The cam locking system uses a rotating cam that is
restricted in its rotation towards the base. Once the top kame is over the cam

it cannot move downward until the cams are rotated back manually with the

weight of the top section relieved by the winch.
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The knee locking system uses two lengths of steel which are clamped
rigidly when parallel with each other. This system also requires a manual
release of the clamp.

The collapsing frame is easy to assemble, launch, and recover. This is
mainly due to the fact that there is relatively no manual assembly. The
downfalls of this design include its need for close tolerances, its cost, its
lengthy fabrication, and its dif5culty in transportation to the boat. Since the
&arne is one piece it requires heavy machinery to move it while on land.

4. Sectioned Bolted Frame

The sectioned bolted kame was the system which was chosen for the

application. The sectioned Smne is shown in Ggure 27. This design is
separated into four substructures with the anchors also removable. These
substructures are fastened together with high strength stainless steel bolts.
The goal was to make each section relatively light to allow for easy transport
to the boat. With this design it is possible to transport the frame using an
average size pickup truck. A detailed step by step instruction manual on how
the kame is transported, assembled, and launched and recovered is located in

Appendix G.

The cons of this design include its need for close tolerances, the

requirement for manual assembly, and its dif6culty in launch and recovery.
The dif6culty in deploying the structure is that it is required that it be fully
assembled on the deck. The Same is of greater height than the winch on the
UNH research vessel when the top section is fastened into place. After

consulting with Paul Pelletier, boat captain of the Gulf Challenger, we were
informed that the hne could be launched when in full assembly with the use

of special harnesses.



Although there are some cons to this design the bene6ts far outweigh

them. First, as was previously mentioned, the kame is easy to transport when

in sections. These sections also facilitate work on separate areas during

fabrication and allow for easy replacement if a location is damaged. The

most important factor for choosing this design was its cost ef6ciency. Due to

the limited amount of parts involved it was easier to stay in the constraints of

the budget. Therefore the sectioned bolted kame was the design which was

chosen.

5. Fabrication

The base of the structure was constructed Brst  see Qgure 36!, Care

was taken when welding the joints, that the members were level with each

other, After this was accomplished the bottom truss was adjusted to 6t the

base by 6rst bolting the truss together loosely and then once the fit was

satisfactory the joints were weMed and the cross sections of angle iron were
added. These sections can be fastened together with stainless steel bolts at the

ear overlap shown in Qgure 37.

The piston mounts were also adjusted according to the base dimensions.

The joint which fastens the mounts to the base is shown in 6gure 38. All
other joints were weMed. It was important to clamp the members before
welding to prevent movement from thermal expansion which would effect the

tolerances necessary for the drive.

The upper truss was fabricated. by 6tting it to the lower truss. This was

important since they overlap and bolt together. This joint is shown in figure

39.



I

Fg ee



'70

g" ~~!~ acou
Cbo><~ fr~~!

angle. ' ri
cr!

ll
g;gm

lc. ]o< Gal

r<

F;g ~e ~"7



'7t

Ve&;~cA +jf

~rg 5$oC.i

CP,~kori,~! .,iE>!

5]uare. ~g  ~~ !

F;g~~~ 'M



Z ugly irOA
u p< <<<ss !

1/~g g ira 

 M44orn 4r<ic

Qj4I, VA

~ «~ ~ p~s.s � Bok~ lr~ss

Fiq~v~ '39



K. Guide System:

1. Criteria:

The interface between the drive system and the frame assembly posed a
problem due to deflections of the push rod. The shaft would not line up with
the top of the Same when it was extracted from the ground. The solution to
this problem was to install a set of rollers at the top of the frame and devise a
system to guide it to the desired position. Two concepts were analyzed to
perform this task. A funnel system attached to the top of the Same and a
sheath to guide the pipe the entire distance Rom the break to the top of the
kame.

The rollers chosen to hold the pipe would keep the pipe perpendicular
to the base of the Same. Boat trailer rollers were used to reduce &iction at
the interface, provide a small amount of breaking force, and. geometrically
constram the pipe in a desired location  see figure 40!. These rollers provide
guidance in two directions.

2. Funnel:

The cannel system was simple to design for maximum deflections of the
pipe, Light weight materials such as .125 inch plate steel could be used
since the loads were small. The problem with this design was that it made
the top Same section hard to manua11y maneuver. The added weight made
the center of gravity higher and the section would tip easily when moving. It
would also be dif5cult to attach to the Rune and would require more welding
and cutting. The time for construction and the cost of materials proved this
method to be undesirable  see figure 41!.
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3. Sheath:

The second method for pipe guidance was a sheath that would
constantly guide the pipe 8'om the brake to the top of the kame. This would
prevent the pipe Rom making large defiections while inside the hne
assembly. It could also be made of lightweight materials such as PVC. This
would not make the upper portion of the kame more cumbersome as did the
funnel design.

4. Fabrication:

The construction of the PVC sheath would be simple. It would not
require expensive machinery or construction techniques. The PVC tube could
be attached to the kame using wire or elastic cables to provide some flexure
of the system and aHow the guide to be removed or replaced easily  see 6gure
42!. This also makes the system easy to integrate with the rest of the kame
assembly.





1. Criteria:

A brake design was necessary to support the pipe while it is being
extracted Rom the ground. From the time the clamp disengages to the time it
reengages the pipe, it is unsupported. Therefore, a brake is needed to keep
the pipe from falling back into the hole.

Ideally, the brake would engage only when necessary, supporting the
pipe while it is being pulled out only. Also, it should not resist motion in
both directions, only downward motion. It should be ab1e to support at least
the weight of the pipe, which is roughly 300 pounds.

2. Bolted Plate:

The Grst, and most simple, design was two plates bolted together with
the pipe in between �gure 43!. The tension necessary in the bolts was to be
calculated, and. the bolts tightened to provide enough Riction to support the
pipe. This design provided a very simple alternative which was low in cost
and easy to fabricate. Unfortunately, this design resisted motion in any
direction. The force of this brake had to be overcome no matter which
direction the pipe was being pushed. Calculations supporting this design can
be seen in Appendix H.

3. Brake Shoes:

The second idea for a brake design was rigging two brake shoes to
provide the necessary force �gure 44!. They were set up so that they would
resist motion downward, but would not engage during an upward stroke. This
way, the drive would only have to overcome this force on the way down, not
on the way back up. This design provides a closer approximation of the ideal,
while still retaining simplicity and few moving parts. Calculations supporting
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this design can be seen in Appendix I.

4. Fabrication:

The brake had not been constructed at the writing of this report. Design

difficulties and problems due to geometry prevented the 6nal design from

being Gnished. It was planned to work with the brake shoe design, but the

necessary spring force was much too high,- and couM not be easily fulfilled.



G. Launch, Recovery, and Transportation

1. Criteria:

The transportation of P' is a dif6cult matter. The system in its entirety

weighs close to1700 pounds. This is too large for most of the mechanical or
civil engineering departments loading equipment to move. The maximum
height of the system is approximately 16 feet. This made it essential for the
system to be easily assembled and disassemble into smaller, more manageable

parts.

Five major sections make up the system. The heaviest being the

drive/piston assembly, with associated framework, weighing close to 650
pounds. This is the only section that requires mechanical assistance. A half
ton winch is necessary to move this section. The base, top fiame section,
bottom &arne section, and anchors can be moved and loaded by three to four

people. P' can easily be transported to a loading dock with the aid of a half
ton pick-up truck. The sections are attached together with half inch stainless

steel bolts.

2. Design Choice
The UNH Gulf Challenger was used to deploy P'. All sections can be

loaded directly off of a truck onto the ship's deck at the Portsmouth Fish Pier.
The Challenger equipment consists of a 12 foot A-filne with a capacity of
6000 pounds and a 4000 pound winch. This is ample for the launch and
recovery of P'. The maximum height of the A-kame would not clear the top
of the system so the winch has to be attached, off-center, to the top of the
drive section using a bridle. An addition bridle, wrapped around the base, is
necessary to restrain the platform from swinging off vertical when raised.



H. Final System Configuration:

As mentioned before, the penetrometer pushing platform was broken

into systems. The kame system used is a four sectioned bolted Roue. The

drive system chosen is a two-way hydraulic clamp with two larger pushing
pistons. The anchoring system is a combination of six suction anchors, hose

and a pump. To guide the pipe vertically into the rollersc, a PVC sheath has

been employed on the upper truss of the Same. Also, a bolted plate system
has been added to grip the pipe during retraction Rom the soil. The bolted

Same can be easily broken down into four pieces which can be handled by

Qve people. The anchors are bolted on for simple removal. The relative ease

of assembly of this platform facilitates launch and recovery.



S stem Testin:

Aside 6'om individual systems testing, three other major tests were
planned. The 6rst test was a preliminary test of the anchors and the kame.
The second test planned was a land hyMulic test. The third was a full test of
all systems on the boat.

The 6rst test was designed to determine any difficulties in using the

platform on the UNH Gulf Challenger. The &arne was loaded onto a truck,
driven to Portsmouth, and loaded on the boat. It was assembled and taken to
the test site. The top of the platform was then extended, the hose connected
to the anchors, and the platform picked up by the winch on the boat. Some
difficulties were encountered when attempting to deploy the platform.

Because of its large size, the ~inch had to push against the top of the kame
structure. Due to this load, the kame was forced to tip more than possible in

the limited space available. Therefore, a rope was rigged to prevent this
tipping. Once this difhculty was overcome, the kame was deployed. Once in
place, the anchors were evacuated to lock them down, the water was pumped
back in to break the seal. The Roue was raised back onto the boat, taken
back to shore, and disassembled. It was then loaded back up on the truck and
brought back to the high bay.

The second test scheduled was a dry land test. Due to hydraulic 6ttings

being delayed, this test was not performed. If the test had not been delayed,
it would have displayed the function of the hydraulic drive system. The
collet's &ictional capabilities and the drive's pushing would have been tested.

Finally, a full test of all of the systems was planned. This was to be a
combination of the other two tests. The Same would have been deployed
again fram the boat. This time, the 6'arne would have all hydraulics hooked
up. The systems would have been tested, possibly with divers present, and
then used to drive a pipe into the ground.

At the time of the writing of this report, the last two tests were not

performed. However, it is planned to do these tests before May 11th.



Summa dk Recommend tip s:

A. Anchors:

Given that the anchoring force generated is time dependant, future

tests would require the pump to be turned on at intervals to ensure evacuation

at all times. During the test, after the anchor release was initiated, the winch

began pulling up on the platform. The winch encountered signi6cant

resistance while trying to raise because not all the anchoring force was

relieved as planned. Once one of the anchors breaks the suction seal during

release all the water being pumped out will go to that anchor. This is because

that anchor provides the path of least resistance to water Qow.

The anchoring test was a success, but in the future, a manifold that

could direct Qow to blow out the anchors one at a time should be used.

Solenoid valves could also be employed, but the cost would be signiQcant.

This would assure that all the anchoring force would be relieved before the

platform was raised, Implementation of this manifold would require six hoses

Rom the surface to the anchors. Due to time and budget constraints, this can

not be achieved at this time. For now, a block and tackle setup can be

applied on the winch of the boat to allow the pull up force to be greater than

the anchoring force.

B. Drive:

Although not Rlly tested, the clamp and drive system appear to function

as designed. As mentioned in the body of the report, the collet material was

not entirely suf6cient for the application. Also mentioned previously was the

correct material which should be used in future fabrication. In an ideal case,



all components used in the drive could be replaced with higher quality

equivalents. Most significantly, the manual controls should be replaced by an

automated system to ensure proper sequential function as well as greatly

reduce user input.

C. Frame:

AAer putting the sectioned bolted kame through a test it was

determined that the system was a success. The test was used to show if the

planned methods for launch, recovery, assembly, and transportation were

valid. The kame facilitated transportation with the use of a pickup truck.

Two trips were necessary. The facilities at the Qsh pier in Portsmouth N.H.

were suf6cient for loading the &arne on the Gulf Challenger.

The &arne needed to be harnessed in two sections to allow for launch.

This process was rather simple and painless. No deformations in the kame

were observed afler it was recovered,

From the three designs the sectioned, bolted Rhyme was optimal based

on its ease in transportation. More research could be performed to reduce the

weight of the structure. This could be achieved using other materials such as

aluminum. When making this transition one must be aware of the corrosive

properties between the steel pistons and the aluminum kame. Materials such

as aluminum were avoided in this design due to the cost factor.
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Appendix B

Suction Anchor GeometD
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Appendix C

Suction Anchor Stresses
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Appendix D

Drag Calculation







Appendix E

Finite Element Analysis



4JI cII Ic cC Cl LA Vl IA

3 0 0

0 0
N III
0 C

W W U mm C 0 0

C
C 0
«I4 0

W

E 4 0 0 C N 8 N N Cl
E N

4!
{I
III

4 0

4 0
W

4444« ~ 44 Mme»4«4»
««44«««44414«4«««

4 4 4 4 «4 4 w 0, «4 4 4
«4«a»«««>pa«««4«

m«4 4 4 wM m«
«w «4 4 ~ 4 m Q Ic 4 «4 4

4 «4 H «4 4 m 0 c ~
««»44«SPCW«««4
~ 4»'g««4CCQC4
«44 lO«44mCQ«444

000 « ~ «4»
4««c«C»mcc{IC«I««««

440«'g-C«cc«4
~ 4 4 JAM« III C+ NM 4!«4 4

mu«00 COCN«« ~
4 ««WW4 AW III 8 Ccp 5»i 4 «

4 4 ice�« JJ O W 4 «4
«CcO'0 cIIAa 4' am» 4

4«4»QNC48 N{IA~««
{I m A Cc C G Q

4« ~ N 5 gmNWN«4
44AA'0 N 6 tg

N» c 4 Qw c 4 m s~~ 8'04
« III 4 W N 4W Qc IH~ 3 C III 4

EM cCcCA 0 mb III C m«
cc N m c Cl Nw Ow N R w
SCC&5CI~~4wme&

8 C 0 Cc'0 C W 4l 4 8 III m 4
m e sh e 0 a «I c 4 m 4

8mW>ecc000'C
gww p tg~ 8 ww m III

O'C ~0 NN Qmm
Ill $ m III C m'5 b,M A «I A 8 5
4 8 III 4 0 kJ III C C C C 5 4 0

N 5 W 4l~ N 4~ ILI 4 w LN QA
N~ 0QA«I~Q 4 8 0 C»W
0 C C E {I ~ 4 4 4l 5 C.~ 8 0 5

454!NQw~ 5 c
ec4wwwgwiilcw

QOA I Qm ~ ~ 0~
EEO NOTE wE

c445504mc54&544
e4lscE 41m WEONECO
Ebb w'QA 4I Cl Q~A
NEE>CIIIIIE4C ~ 86388{I

III C 0 5 M III 0 cl 5 tD III 5 5
cc 8 Emcm& c 8cc8c

4
«

4 4

4
4

4
4
«4
4

4
4

Cc ~
4
4

N 4
4

~ 4 «
C «
N

44 4
S «
«I 4
N 4
8 «
Cl 4
Ill 4
C,«

«
W 4
Q 4

4
8 «

C
0

{I
4
cp

CCC
5 <000
4! baa&
4 00{I{I
m M III 4J III

%44 4
N C
m

III
4 4

e
m

'0 III lO
'V Nbbb

8000Ci Oc-IH+
0 Octa{»

ILI m c
'0 m A f
0 ILI 0 II I I
C 4 m~o«n
I
c% m

8
4 a

C ~
III

m
N C C 5
4~ C<%~ C
III

Cl
8 r I{ kk
N~ M Erl

C~ Cw
Ngw 0~0
{4'0 0 c

Onc.c 4
C r
0 C 0«l

4 ~Q ~
«I III m ~ c m ~
CQ 4&4M
0 ONEC4
0 8 r 4 N ILI 8

0 ~CIw
NS0

N 8 S kJ C4 Io
O'0 C 48&

C>40wOOC
4w c C,{I oI
Q 4
{Iw 4 Cmm

0 III Cc I{I m cII'g i{I >
csmcc&w
4 O'U~ N
N 4 4 III ~ ~ ~
PC048gk
C III 0 u td «I e
w '0 {I N 8 8 8



+

5

0 E
0

S '0
S S
4 S
SW

+
PQ hl
'0 0
H 0

hs0

4S C%sI''40&0&
SN
~ E

C

+
hl

'0 O
S ss
XQ

0 0 fal
0

O 0
CO sl hl

E 0
0 0
SO
SO

0 0 +
~ I fil
E 0
0 0
S O.
S 0

O 0 +
hl 0
OR
O S
04 S'0 C E0 C

S
O «
0
+
hl E
0 0
0 Q
O
~ S

O

e r
0 S
+ E
fal S
O~
0 S

S E
0 0

4

'Q I
S
0 I

0, I
S
'0
'5 I
S I

I
I

W

I I
W I
4 I
S I
E I
0 S I

I

0
C «
Cr.' CI
� 0~z 4

- 0
I

0 H
0
+
RI
0

S 0
go>~ JS
W O

0
+
hl
0 aI
0 C

pw S
SW ~ E

40 S
4 5

0
0 0

,r +aI
C 0 H

J S 0
4 C

O
wL

0 0
0 0

+
w hl

EO EO
00 00
ILI O SO
SO SO

0 fa O
0 sa 0
+ +

~hl nhl
EO EO
00 Po
SO SOQl ~
SO SO

0
0
a

Ec 0
004
Sc SC>

~ Jl
S 0

C
S

O
O«
+ 5lfl

Isl hl
E 0
0 0 aI
So r

S
SO E

S sI'

0
+ W

«H 0
EO
pcw«
S+OI

SO+

0
0
+

Isl hl 3
Eo 0
po&
SO Sw
SO

C
S

0
0«
+ QO

fa hl
Eo Cl
00&
SO C
0 S
SO E

S Isl

0
+ W

«hl 0
E sI'
0  h aI P%

~ M
SO~

I W
0

U
C M
S S
E S
S 4
0 W
C
0
0! W
«0

R
S «

III

'0
~ S

W4
III E
E 0
E '0

S
M

4
Cw 0E
0 0

S ~
aI0 SSI

4 S
'0 t0 Sa4
CS SW
0 S
0 4
3 S
4'0 S
C
'0 'D 0
C S

PC

4
S

SS VA
~ E

0 Six C

000000
OOOO 0 0
++++++
hl hl fsl fal hl hl
000000
000000
OOOO OO
000000

5 sS % fa H Isl

OC Oaoo
OO OOOO
+++
hl hl fsl lal fal hl
OOOOQO
OO OOOO
OO OOOO
000000

0
+
hl 3

0
S~ I5

0
VIW S

O0
+
fsl Cn
0
O aI

aIIA S
~ ~

CO 0

E0W
0+ 0
4 hl
w w aI

Ill
fQ sI
Ig
SO

C

0

0
C
S

O k

0 Ol
S

' 'C
0 0

O W
0

fs.
& Ill

0
I C

0
+
hl 3

0
w S

- Cl
0

C
m S
O
+
0
0 0!
Vl S
0 0

C
0 W
+ 0
hl

cl Ca JJ
C% III

0
C

+
hl 3
w 0

S
- Jh

0
C
S

o 3
+
hl &
0
0 Ol

S
O 0

0 W
+ 0
hl

C rsaf-
IO

ew
~ W

0



Irs

4

CI
+
hl

0 CI

0 +
hl
O

0
I4 3

0 0 +
hl
O o 0

E 0

4s
- � af

4
0
m

w 0

O +
R

0 +
hl
cas

8

rcl Irl
O CI
+
ref hl
m~
~r

C4 8
5 E

X
af E

4I

lfl
4I
4

4f

4 0 ff
C

C V
I

3

00
I
hl

cfc~ rf ml

Cf C4.
Q ~
m 0
C4 4
4 3

C
0

P O
Ca W

4
0

M ICS
0
ai O

m 4I
gl4 C4

8 4l
4 Cs
4

0 as
4

X O
4
af
8

m 4I
VC
C V
4I
8 4
af al

0 0
4
m Irf

M 8
8

0 8

4 m 8
4

0 4I
8

CV
m

0w0 4

0

ma
4I M
ca m

4
8 4s

Cra

0
V 4
4

m
Q m
C4 e

4
w Cf

0 Rl
CI
0

0 faf
CI
0 0

af V
ff ~
m Ia
4I C
4 4I

G CIS

V Fc
X

4 4I
8 ff

'U 4I

4l
4I

4 Cs
0 Cb

0 3
fl O
Vo
g +
Ci hl
~ O
40
VO
~ 0
'Cs

0 CI
+ hl

CI

A O
8
4I
8

m m
rg 0 af
af o
0+ W
mhl 04

0
VO V4l
CO 4E
QO VV

0
+
hl
0
0
0

ff
I4

4I
as E
C 4s

fs
8
8
4

0

m
CafC
af 8 4I
m 4V
804

Ccf
0 +
hl
C%

W lrl
0 OO

+ I
hl hl
r

4 o 0 4
4I 0 O 4I

++
ca hl hl m

OO C
00
00

4
0 Oo 0
0 0
ff O O Cf

0 0
hl hl
OO D
0 0

4 OO 4
0

0 0
Ca 0 af

4 OO 4
+ tfc

4I r<l hl 4s
ccc 0

4 +0 C
r 0

awo
0
+ ra Irs
hloo
0+ I
0 Mfil

~~r ccs
~ rcl Crl

0 HW

C
oo 0
+ I Cc
44 M

C%

V C
pm C

4I~ ma
EV 4I af
$ Cs 4 4

4I V V
4I mmm



0 E
0 +
hl
~ '

+ hl
o

0 +
hl

P mt

Ct
+
hl

0 0 I
0 +Ct

hl
o +
hl

IA

rti
o +
hl

0 +
frl
IA

0 +
hl

fti

0 hl
Ct

0
I

CI
I

oo
I

00
I

0
I

oO
I

0 0 +

0 O 0 0
0 0 +
hl
o 0 0
92

CI

0 +
0

0 o +
0 0 0

rtit
0 +
hl
ih
ltl

O +
hl
Ct
0

0 +
hl
0

rtr
0 +
hl

r

o Im
0 0
+ I
hl hl
rtr mt
rtr o
ftl r

S E
5

8 E

C
m E

Oo Qa0 00 0
II

S S C
'0 4

II

S C C
'0 4

I

S C C 0 0 0
C ILI

E S 4 D C C 0 4 4
'S
kJ
C

C 0
JP
III

S C

C 0 l5
4 S

0 0
0 +
hl

o +
hl
lh

S w
m m
E S

C

iran

iti

o
Iil

C
~ mM
Q mo
0 S+

C hl
M Crt

Crt fr Im

W IA

I
C
0 m
Et S

C
.JC
fl

N
C

m
0 m
fL S

JC
O D

ft w
m m
S C
4 S
A 4J

C

U LIL
I
U

A C
C 0
S ~
EA
S 0
W S
S m

C
C 0
EN
S 0

S
S m

rOm
S~ m
E A S
Sg4
~SO

m ol

Q + +
hl hl

1 M II
m

m 0
S 0 ILI
C C
0 rtl 0

C C

c 0 co
S ~
EM

U S 0
S m Col

C%

+ hl
o rtl

A lrl
o Oo

+ I
hl hl

0 +
hl itll IA

O O
IS + I

hl hl
a

hN

II OO
S 00

+ +
irI hl hl
C 0 0

00
0 0

g' OO
0 0 O

0 0
+ +
M hl

4 00
CI 0

C 0 0
0

0 0
tl5 rti 0
4 OO

+ +
hl K
m 0

C iti O
0

92
m+0
0
+ Al Iil
Lri O 0
0+ I
0 hl td
~ W 0

0 a e'
P H

C

g illOQ

0 W it%
A r

4 Irl H

M C
come
S ~
EW S
S044

S&A
S ill IO m

CC IVI
0 0

I
hl hl
0 0

reer Itl M
O ~ ~
+

I
OO

IO 00
+ +
hL hl

0 0 0
0 0
0 0

0 0
0 0
+ +

C hlhl
C OO

o 0
0 0

Q QO
00 rti IA

CI 0
+ I
hl hl
0 0
R ri

0
I I

� reer O
4 0 0

+
hl hl
00

C wO
H 0

HR0
0
+ ltr4
hloo
0 +
oMM

e+OM
~ n tie

0%0
A IIWW
C m h0 Irt
0 moo
CLS+ I

C hl M
JcOQ

I/l QWW
~ P! W
QWct

4J C
COSC
S ~
EMSIO
S 0 44

SMJl
Smmm

0 0
+
hl hl

C%

IR I I
0 00
lil 0 0

+ +
hl M

0 OO
0 0
0 0

1 0 0
S 0 0

++
C hl hl
C 00

00
0 O

4
0 OO
0U iti lfl

0 0
+ I
hl fsl
'If' Irl

0
I I

g rtl o
4 O 0
SI + +
S hl hl

AO
C ~O

w 0
++0
0 I
+ Ntft
hl 0 0
0+ I
0 hlhl

H W 4 '4
~ +Q

O&r1
A II
C

m c% Irl
0 moo
C,S+ I

c hl hl
JC IO Iil

IXI SWW

4 C
QSC

S ~
Eu Sl nl
IL! fl 4 4
w S4A
S mmm

rti Ih
Oa
+ I
hl hl
Ift lrl

0 +
hl I I

O 0
4 00

+ +
hl hl

0 00
0 0
OO

oo
S 0 0

+ +
e INK
C 0 0

0 0
0 O
0 O

fL rtr Irl
00
+
hl hl
Kt Ifl
e~

c
0

I I
C fIIO

O O
+ +
IR fC
Irl O

C W 0
& O

+~0
O
+ ramie
hl o o
0+ I
0 hl bl

A A Ifr IS
-+0

0 Itl&
JJ 4 itl Crt
C

m f4 Ill
Q moo
0 S+

c hl hl
M Ift IA

cQmC
S ~
E& S C
SU4
S mmm

O 0
+ I
hl hl
0 O

0 +
hl I I

OO
OO

IA t +
hl hl

0 00
0 0
0 0

0 0
S 00

+
e hl hl
C 00

0 Q
oa

0 Oo
0

0 0
+
hl hl
0 0

C
0
IJ I I
I4 hl O
4 00

+ +
S hl hl

O O
c w o

+0
wH 0
0 I
+ isa
hl 0 0
0+
0 Rlhl

mwOM
~ mw

0+0

C m rtl ill
Q moo
Qg S +

C hlhl
woo

mt 0 &M

N C
cQmc
S~ SM
E&S Ill
SQ44
w S44
Smmm

Cti IA
0 0 0

+
EI hl
M rtl
w Ce

C%
0
+ Iri 4
K

0 0
+ I
hl hl

O OIW
w rtl

I 0 0
S Oo

+ +
e hl hL

0 0
00
O 0

4
0 00
0
0 OO

0 0
+ +
hl hl
OO
CI 0

C 0 0
0 0 o
g rtr O
4 0 0

+ +
hl M

kJ Ro
C rtr o

r 0
H+0
o
+ rtl lrl
hl Q a
0+ I
0 hlhl

m w crt I
~ lO CI

0 H+

h S
85

S
C E

4
fl S
m C

0
E

C

E
0

C C
SES
S 4M
EOC

C ~

0 0

0
+
hl
0

rti IA
0 00

hl hl

0
+ gt&
hl
le real trl

OO
+ I
hl hL

0 Iii Ol
sE W

L OO
S QQ
4I ++

M ffI
C OO

0 0
0 0

4
Q OO
0
0 00

0 0
+ +
hl hl

fL QQ
0 0

c 0 0
0 0 0
lg rti O
4 OO
S hl hl
IJ itr O
C A O

>0
wao
0
MOO
0+
o hl hl
~ m Ch

0~m
I Ill ~

C
m reer lrl

0 IRIOO
fLtS +

hl hl
w Irt rtr

CIL fIR+
+wHW

iJ IA W

a c
come
S m
EA Std
SO44
mS&A
mmmm

Al
0 +
hl
0

0 O
0 00

I
hl IR
fti Nl
& 0
rti ~

0 0
S OO

++
e hlhl

O 0
0 0
O O
00

0 00
0 O
+ +
Rl hl

fL OO
0 0

C 0 O
0 0 O
ill A 0
4 OO

I +
S EL hl

0 O
C 0 0

+O
Aw 0
Ct
+OUI
hl 0 0
0+ I
0 hlhl

e S rttl 0
0 rti 0
4

C
moo

Q moa
+S+ I

C hl hl
w rtr 5!
g reer 0
c,

C
cOmc

m ~
EA S C
SD44

SAM
s mmm



m ICI
O IIl

S S Cl
S

0 +
Cl

0 I

IS

CII
0 +
hl
Ih

0 I
00
00C 0 CI

S 4 0 Cl
0

0 C
00
ICII

+
hil
0

ICI
0

C 0 C 0 0'0

S 5
Sl
4

'0

0 0 00

0 0
0 0 +
gi hl
0 0
Q 0
0 0

11
C:

I

C 0 0
m
I
fsl

0 0

~ 0
Ci V
Cl

0 0 Ol
S CI
4 0

C CI
0 0
+ I
IS hl
CC foal

I
gl

e
I ih

C 0 IC;
C

I
w 0
0 0
I +
IS hl
w O
CC 0
eo

Nl
S Cl
4 0
W

0
0
+OCI
hlQQ
0 +
0 hlhl

r
~ CII lh

OWO

0 0 + hl
mo
0 0
e 0
~ 0

WO
I 0

C 0 CI
S0

C%
0
+
h.
0

O Cl
C 0 O

+
gl hl
ICI M

0
5I t

IS I
0 0
O 0
+ +
hl hl

0 00
OO
0 0

~r 0
0 I

0 Cl
hl 0 0
0 ~
0 h'- fal

I W ICI Ci
- IIC Ih

0 C% 0
C Cil ICI

C
C O CI

X IR 0 0
~CI~ I

c hlhl
W ICI M
0 N CII

~ ~ 4 e

C
C0IOC
 .'~ elm
EM S S
0 C! 44

SMA
SCCC

+
hl
0

O Cl
0 00

+ I
gl hl
mO

CI
+ COW
hl
CI O Cl

0 O
I

hl hl
O P!O

[XI H

1 00
0 0

JJ ++
sl hl gl

OO
0 0
0 0

4 ~ ~
0 00
0
0 00

0 CI
+ +
hl hl

 II O O
00

C 00
0 0 0

WO
4 OO

+
S hlhl
4 OO

e 0
eQ

+NO
0
+OCI
Qil 0 0
0+ I
0 hlhl

6 4 IM 6
~ CII lh

OAO
II CIC ICI

C
S 0 Cl

R COO
C hl IS
AplO

lh ClPO~

A CII f
M C
C06IC

S w
SUSIO
S CI 4 4
w S44
S III Id eI

O Ci
0 00

+ I
hl hl
Ih CI

fil C% e
0
+ CII&
IS I

OO
0 0

ICI + +
hl hl

0 OO
0 0
0 0

1 QQ
O 0
+ +

S IS gl
C 0 0

00
00

4
'0 00
0
CI OO

0 0
+ I
hl hl
lh CI

S
0

I I
I + 0
4 0 0

I +
gl hl
IS O

C + O
e' 0

C
+ ROCI
0 III OO
ILS+ I

a hl Qi1
W Ih CI

ICI CI CII W
Hw f4e

4
gear

M 5
C 0 CI 5
S w
RM S S
SCI44
m S&A
S III Kl S

O 0 W Pl
0000
++II
gl hl hl IS
O 0 CO  h
00&1
0 0 ~ CC
OOOO
0 0 t1 Cl
00wa

I
0 0 III lh
OOOO

I
hl IS gl hl
00&%
QOIh&
0 0  h 0
QOme
00ee
0 0 ~ v-I

0 O 6 Ih
0000
+ + I I
hl IS gl 'IS
00 ICI ra
0 0 Ci e
0 0 0 CO.
00' m
0 0 I

S 00'&

CCIh0 th

OWOA
OOOO
+ I + I
hl hl hl hl
OCCOA
O % O lh
QRQCQ
Ot 06
0 W 0 Pl
0+0+

0 P! 0 8!
0000
+ I
gl lal IS hl
0 e O ICI
OIhOh
0 W CI Ol
O lh 0 lh
OeOe
0+OH

O rt 0 R
OOOO
+ I + I
gl hl hl hl
O ICI 0 Ch
O e 0 Ih
0 Ih O lh
0%0 0
0 R 0 CI
0+0+

I

0 0 0 r1
OOOO
+ + I
hil hl gl hl
O 0 Ci &
0065
0 0 w Cil
OOOO
OQWCI
COME

I
0 0 R Fl
OOOO
+ + I I
hl hl hl fil
CORAL
Q 0 Lh 0
0 0 CII e
Come
OOee
OO+~

OO~A
OOOO
+ + I I
hl gl hl hl
O 0 ICl N
o 0 ci e
0 0 0 Ci
0 0 I CII
0 0 N fC
OOw~

ONCET
OOOO
+ I +
hl hl M M
OCCam
O ICI 0 lh
OnON
Oh QR
OC OIM
CHOAX

I
0 R 0 Fl
OOOO
+ I + I
hl hl hl hl
O e O ICI
0 lh 6 h
0~0tfi
092hOIh
0eOe
0+0<

0%0%
OOOO
+ I + I
hl hl hl hl
0 Ci 0 CII
0 IIIl 0 Ih
0 Ih 0 Ih
OMQO
0 W 0 Cl
0 ~0M

w NI 4 0

00
0 0
+ +
hl K
OOOO
0 0 0 CI
00
00 Cil &
COCCI
00

00
QQ
+ +
IS hl
0000
OOOO
0 0
OOQQ
OOOO
00

ao
0 0
t +
hl hl
OOOO
OOOO
0 0
COB CC
0 0 CC Cil
OO I

0 0
O 0
+ +
hl gl
OOOO
OOOO
0 '0
0 CII 0 N
OBOE
0 I 0

0 0
0 0
+ +
IS hl
ICI 0 0 0
OOOO
0 ~ 0
QOOC
0000

~ lh ~ Ih
0 0

0 0
0 0
+ +
hl hl
OOOO
OOOO
0 ~ 0 ~
QCIlQA
0 CC 0 N
~ e ~ e

0 0



0 0 E 0
0 0

0 +
HCH

crl
a

0

Cir
Ci
IS
Ci

0 +
Gil
0 lfl

0 +
faI
0

o faI
0

0 +
IS
0 0 0

0 +
hH
0

00

0 +
0

0 Ci
+
fal
0 0

0 +
fiil
o 0 0

E E
0 0
Cfl C
HI 0
4 4
&W

0 0
roc
0 +

0 r
0 +
IS
0

HI E
5

5 E
HC
gj

af E
0 0 +
M Ci
0 Ci
0 0

0 0
0

0 0OoHI 4l
'0 '0
0 0
C C

H
CH
l5

C 0 0 V
H
4l

C

'0 4 0 0 0C
0

5 W
0IO O C O E 4 fl

C

Cl
E

H
0 O

E
C JJ
HI

C 0 lO
4 ffi
HI
C

C 0 C HI
C

4 0
W

0fH

0 0 + HH0 + IS
HI HI
w C
E HI

C

Cli

0

I
C

al
0 ol
C HI

C
JC

r v

JI H

P HI
0 HI

m 0

Jk Ii
C
0 IH
Pa HI

C
JC
0

ra IA
0 0
J
faH fC0 M

IO IH
HI C
4 HI

C

0 CHI
I
Q IC
X

Jl C
cp
I aa
E JI
HI fl
~ HI
HI al

JJ C
cp
HI m
E JJ
E fl

HI
HI CH

JJ C
C 0
E JJ
I 0
HI HI

HI C
af

4 4
HI Vl

n nlrb
w O aa

+
fal fal faI
eel
iHI O W
Ill IA aa
0 OQ

HI HI
HI fl
4 4
0 0W ILJ

0
CQJJ
5 w
~ 0JI4
-a 0
HI lrl HI
HI HI 0

4 C
HI

E E rHi
554
E E ifI
HC HC C
al HI 0
EEV

HI

HI
irI E

4
HHI I

fI
E
E
C
E

0

td C
ml E HI
O4Jl
EPC

0 +
fal
0 roc

ral Ifi
0 0 0

+ I
IS hl
P hl

Ci
+ Vl 4
fal
cci Ca lA
e oo

+ I
fa1 h|

0 r ra

0 0
HI 00

+
CH hl hl
C OO

0 0
O 0

0 OO
00 O 0

0 0
+ +
I faI

Q. QO
0 0

C OQ
0 0 0
af ril O
4 0 0

+ +
hl hl

Jl  %0
g + 0

0
Hrto
Ci
+ Palh
far 0 0
O+ I
0 hl fal

wwt Cl
- ril Cri

O aalu
H Irl aa

C IH Fo'lrl
0 CHOO
Qalg + I

c fC hl
QA~

JC Ih W

JC C
C Q HI C

HI ~
g JJ HI CH
HI O 4 4
W HI Jl JJ
HI CH CH al

0 0
I

0 0

ra Irl
0 oo

+ I
fal Ll
ca e

0
M

t% IA
e 00

+
hl fal

O Bee
w ra
~ r-

II 00
C 00
Ja ++
C ISA

0 0
OO
0 0

Q OO
0
fI OO

0 0
+ +
El M

P, OO
0 0
Oo

0 ~
0 0

g plO
4 Oo

+ +
HI gi Rl

e 0
c rco

> 0
wwo
o
+ Olla
goo
0+ I
Q IS fal

+ w real 0
0

0 He
a

m IH riC Vl
Q CHOO
LCH+ I

C hl M
Ja Ca e

e 0~ra

JJ lrl 4

Jl C
C Q HI C

IA m
E JJ HI IH
HI 0 4 4

HI JI JI
if' al HI HI

roc
0
+
faI
0
Ci
0 0 0

I
EI Cil
00

PC
0
+
HCI

0 0
iHI 0 0
M + +

hH faI
0 00

00
00

H OO
HI 00

+ +
C HCI R
C 00

Oo
QO

4
0 Oo
0fI real if'

OO
+ I
HH hH

4, 00

0
I

IH rc 0
4 00

+ +
HI HH fal
JI Oo
C WQ

aa 0
+HO
0 I

N Cl
HH 0 0
0 + I
o HHHH

W W 0 Cal
~ W Cl

0mo
Jl H n Cl
C
P aloo
KHI+ I

chl Rl
JHO0

Irl �&~

Jk Ci! aa

JJ C
C 0 HI C
CH m
E JJ I C
HIQ44
W HI Jl Jl
HI HI CH IH

0 +
M Ci

0 0 0
+ I
fal fa1
W cA
m~

Ci
+
fal I I
0 0 0
Irl 0 0

+ +
fal hl
0 O
0 0
0 0

H 0 0
0 O
+ +

irI hH IB
C OO

O 0
0 0

4 s ~
0 O

0 0
+ I
fS CS
'IHI Iti

C m~
0 ~

I I
c rico
4 00

+ +
h3 fal
lrl O
w 0
H 0

eaO
0 I
+ AiCH
hI 0 0
O+ I
o hf IS
~ e 0

O&aa

H
C
m CHMIri
Q alQO
0 Hl+

CM faf
JH Ila lh

ica Hie~

Jc re W
JJ C
CQCHC
HIM Ol w
E JJ HI C
HI'044
Cl IH CH CH

ric
0 +
IS

0 C!
0 0 0

+ I
faI hf
ICH LA
ew

0 + Ig I
OO
0 0
+ t
fal IB

O 00
0 0
0 0

H 0 0
0 O
+
I 5a1

C Q 0
OQ
0 0

4
Q 00
0
g 0 0

+ I
Tal hI
W lA

0
I I

C NO
4 Oo

+
IS I
Irl O
wo
wo

++0
0
+ rH iHI
fal 0 0
0+ I
0 hl IS

W + iHI HACH
~ eo

OQH



N 0 +
fal
Cl

0

0 +
hl

0
I

Ct
+ hl
0

O
I

Ci
+
hl
0 IP

0 + hl
i'
Ct

+
I

0
I

0 +
ftd
4'

0
I

Cl
+
hl
ICI

Ct
I

0
I

N Ct
+
hl
0

0 0 +
hl
0 CI
0

0 0 +
hl
0 0

0 +
hl
0 N

0 0 +
hl
0 0 0

0 +
hl
dd

0

0 + hl
0 0 0

0 0
+ +
hl hl
0 0
0 0
0 0

dl E
CE

4 E O 00 0
00 0

II
41
Id
C

'0 4 0 0 CI

0 0
0 0
+ +
IR hl
0 0
0 0
0 0

4I

4 J
4 0 0 CI 4 0 0 tp

N ICI
0 0
+ I
fal hl
0 0
Ial W

C 4I
E 4I
4 0 C C 0 Id

4 Cft
4l
C

C 0 4 4 CC 0 4 C 4 0
tH

O + hl0 +
hl

0
m&
dl ~
m m

C
E 4I

C II

0 m
0 CI

A

II
C

Ql
Q m
fl 41

C
0 CI

0
Id A
0~
cd m

C
4 4I

C

U
I
U
IK

CQ
41 m
EA
CI tfl

4I
dl m

C 0
O M
gw
O CI
M 41

N
+
hl

0
~O 00

+ I
IS hl
0 0
Pl H

O ~ ~
+
IS I I

00
0 0

ICI + +
fal hl

0 00
0 0
0 0

I
N 0
00
+ +
hl hl
0 0
+0
~ 0

' ~
a+0
0
+ NIID
hl O 0
0 +
0 hl hl

w~OCtl
~ CtI 'ID

OA 0
I

C
m mNICI
Q moO
+4I+ I

C hl hl
BOO

CD CIWW

ann+
al C
CQmc
41~ m~
E aI 4! Id
41 CI 4 4
CI m Id m

0 OO
+
hl hl
DI W
Idt N

N H Ia.
0
+ ICI A
hl

N IA
oo

ID + I
ftd fai

O

II QO
0 0

4 + +
IS hl
O O
0 0
0 0

4
Q OO
0 O O

0 0
hl hl
0 0
0 0

C OO
0

0 O
Id NO
4 OO

+ +
4I hl hl

mo
No
Ca O

0
0 + NIh
hloo
0 + I
Q hl fal

~ Cl CI
0 w al'
4 ICBM

~ mNVI
Q DIOQ
Q.dl+ I

hl hl
tdI Q id' N

m C
cQmC

m M
dl t4

tLIV44
CI 4 Q

Cd m m m

! dl

4I
td E

4
0 4I

C
0

E
C

E

4~
E

C

dl
C Id C
4 E
41 4A
EQC

C M

N ICI
0 0 0

+ I
hl hl

w I
O
+ Ih&
ill
Cl N ICI

0 O
+
hl fal

0

II QQ
4I Oo

+ +
4 LI fti1

OO
0 0
O 0

4
Q O 0
0
CI Oo

0 0
+ +
hl hl
O 0
0 0

C 00
0 0 O
4 N O
4 OO
5I ++
4I lal la!

N O
C + O

W 0
wwo
0
+ NICI
hl 0 O
0+ I
0 hl hl

W M ICI W
~ M tdt

IJ II Itl ~
C m NICI

ICOO
Cdl+ I

C hl hl
M ICI N
tP Ctl W

& C
CQmC
Clm m~

4I Id
4I CI44

41&&
4Idlmm

0
+
0

O CD
0 OO

+ I
gl hl
N CD
NQ

N
Ci
+ Npa
hl

o tm
OO

a + I
hl fal

O NID
N 0
N aC'

11 OO
41 OO

+ +
4 hl hl
C Q 0

00
0 O

4
g O O
0, 0 O

0 0
+ +
hl hl

L O O
0 0

C 00
0 0 O
4 H 0

0 0
CI I +
4I IS hl
iJ OO
C Q 0

~ I 0
0

0
+QCD
hl 0 0
0 + I
o hl hl

~~NO
~ CC aC

0 NO

C
m 0 cd

Q moo
Ct CI +

c hlhl
tfl N 0

m ~ Ctl aI'

cbmc
m~

EA4I4
4I 0 4 4
w dlaIA

Ig m

CC

0 + dd

0 mt
0 0 0

+ I
hl hl
ID W

II 00
4I QQ

+ +
4 hl fal
C OO

0 O
0 0

4
8 0 O
CI O CD

0 0
+
hl hl

0, ID
C N W
0

I I
4 wO

oo
I +

dl hl IS
~0

C NO
a 0

~r O
0 I
+ 0 ID
hloo
0 +
O fal hl

H H ID DI
O NO

4J d
C
0 moo
Chgdt+ I

C hl hl
CINN

+HNal'
4 CC I

A C
C Q ld C

dl ~
E&4lid
41 CI 4 4

Cd 4 kJ
4l m vl dl

N 0 +
hl
0 N

O CD
0 QO

+ Ml hl
W O
N ri
NW

0 + IS
CD O CD

OO
+ I
hl hl

0 +0
N H

0 0
4I 00

+ +
4 hlhl
C 0 0

0 0
0 0

4
Q 0 0
0

0 0
0 0
+ +
hl hl

Q. QO
0 0

C 0 0
0 0 O
II/ HO
4 00

I +
dl hl IS
4 OO
C wo

<0
~ho
O
+QCD
hl 0 0
0 + I
o hldd

~ N ICI
ONO

lJ II N tD
4

m 0 cD
Q moo
Q.O+ I

4 hlhl
A Ial O

ICI CINE
wwNW

C%N &

A C
CPDIC
EA 4I Id
dID44

4I al 4J
Id m m m

N
O
+
hl
0

O CD
O OO

I
dil hl
IA 0
N w

N
O ~
+ NW
fal I I
I oo
e OO
ID t+

hl hl
0 Cio

0 0
0 0

4 OO
dl QO

+ +
hl fal

C O 0
O O
0 0

4
Q OO
0
g Odd

0 0
+
hl IS

Ct Q1 CD
Nw

C Nm
0
JJ I I

A 0
O 0

Cft I +
hl hl
ID O

C aa0
% 0

~%0
0 + Om
hl 0 0
0 + I
0 hl hl
~ N ICI

ON 0
II C% ID

C
dl Ct CD
III O O
C hlhl
W IVI CD

ID QNH

A C
C QmC

dl 4
4I 044
rid!MA
dlmmm



Appendix F

Base Stress Analysis
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White Stripe

Bose Anchor Assembly
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bolted and secured. Do not set up the guide sheath yet, It will be in the way

when you try to place it over the drive assembly, It should be neatly tied to

one corner of the top frame but not obstructing any of the connecting holes.

5. Next, slide the bottom kame section over the top kame section and

attach to the kame base. It should be lined up with the stripes of white paint

located on the bottom of the lower Q.arne section and on the ears of the kame

base. This is important to ensure that ALL holes line up and all bolts will Bt

through the holes  see 6gure 47-48!,

6. The top part of the kame can now be raised into position and bolted.

Be sure to locate and line up the white stripes of paint as before in step 5.

The kame is now stable.

7. The PVC guide sheath on the top kame section can now be

positioned over the shaft break. Attach the bungee cords to there respective

holes on the top &arne section.

8. Attach all hoses  hydraulic and water! to the system at this time,

The hydraulics will be needed for the assembly of the pipe, Be sure to keep

them &om being tangled. Attached the hydraulic pump and controls to the

system and make sure they are in working order. The water pump should be

tested as well.

9. Use the hydraulic clamp and piston drive to feed the pipe up through

the PVC guide. Assemb1e as many pieces as it takes to see the pipe sticking

out the top of the kame, Make sure the male side of the pipe is sticking

downward or else the penetrometer can not be attached.

10. Next, push the measurement cable used for the penetrometer up

through the pipe that has been assembled. Push the entire cable through so

that the end can be connected to the penetrometer and attached to the threaded
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pipe near the drive pistons. The other side of the measurement cable can be

connected to the remaining sections of pipe and its computer interface as

normal, The system is now ready to be deployed.

Deployment and soil Testing

P' is designed to be used in silty clay bottoms. The anchors will not

hold where the ground sandy since suction anchors are dependent on the

cohesiveness of the soil. Test sights should be chosen with this in mind.

Damage to the devise could result from its misuse. This devise is specifIcally

designed for deployment on the Gulf Challenger. Other uses may require

modi6cations to assembly and launch systems.

To launch the device, two bridle are needed. One is used to connect the

device to the winch which provides the necessary force to lift P' off of the

deck. The lift bridal will be attached to the drive assembly. The second

bridal wi11 be used to prevent the device Som swinging inward as it is 1ifted

off of the deck, A rope around the bow side of P' and attached to the transom

will provide this constraint. This should be used to launch and recover the

research device.

AAer P' is overboard, the remaining pipe pieces can be attached as it is

lowered into the water. The dive platform on the Gulf Challenger will be used

to get close to the top of the frame. This must be done with caution since

many cables act as umbHica1 to the device and will be close to the operator

who attaches the remaining sections of pipe. The device may then be lowered

to a depth according to the lengths of the umbilical. Be sure to leave enough

slack in order to let the boat driA depending on the currents.

The next step is to attach the system to the ocean bottom, Simp1y



activate the pump and evacuate the anchors. This may take up to 6ve
minutes. The pump will have to be primed if the hoses are dry, Attachment
will be complete when the appearance of "dirty" water is being pumped out.
This means that most of the water in the anchors has been removed. For

longer test turn on and shut off the pump every few minutes to prevent the
pump from burning out and maintain a solid anchoring force.

The shaft is now ready to be driven. 22 piston strokes are needed to

drive the 30 foot section of pipe into its maximum depth. It is important not

to exceed this amount to prevent the loss of the penetrometer.. Extra pipe

pieces should be used as a safety factor to prevent loss. At each drive stroke
the clamping pistons should be activated for penetration. The clamping
pistons should be released to set up the drive pistons for the next push.
Measurements of the penetrometer should be taken using normal methods of

data collection. The drive pipe can be removed using a similar technique of

alternating strokes until the pipe is removed &om the ocean bottom. Several

tests can be performed per day.


