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INSTANT ANCHOR FOR THE EXPEDITIONARY PIER

1. INTRODUCTION

As a means to keeping a floating vessel on station, the anchor has been as com-
mon as the oars and the sails since man first ventured out into the open sea.
As with the other components of theé marine industry, the anchor has undegone
continuous changes in form, shape, type and size to match the development of
the sea-going vessels. One of the most ardent contributors to anchor
technology in recent years has been none other than the Navy's own civil
engineering laboratory (NCEL) in Port Hueneme, California. NCEL's publi-
cations on this subject have covered the development of practically all types of
advanced anchoring systems to meet the increasing needs of the Navy. Another
important contributor has been the petroleum industry. In its advance on
offshore oil and gas resources, it has brought about the rapid development of
offshore technology that included vessel stationing technology. The dynamic
positioning system for example, is an offshoot of this advance.

The instant anchor is one of the four concepts selected for further development
by T.Y. Lin International during their current contract year and new pier
concepts with the Office of Naval Research, that began in August 1983. This
further study is considered a necessary step toward closing the technological
gap that separates the expeditionary pier (see Fig. 1) from the state of the art
(SOA).

It is necessary at this juncture to modify two earlier deseriptions of the nature
of the present study on the instant anchor. The first is its designation as the
"stiff-leg instant anchor.” This designation is not appropriate, as it implied
limitation of the study of anchors that are connected to the pier only by stiff
legs. This should not be so, since the only "sine qua non" is the instancy of the
anchoring device, and not its attachment to the vessel.




The other modification refers to the implied limitation of solution to suction
type anchors only. The suction anchor will indeed receive prime consideration
as a solution, because of its potentials. The exploratory nature of the study
however, would require it to include consideration of other available advanced
anchor types, as well as to offer new solutions of its own.

The report will generally follow the same format as adopted in previous reports.
It will cover:

(@) The investigation of the validity of the concept based on a set of assumed
design and construction conditions and criteria, and

(b) The investigation of the concept feasibility with respect to SOA tech-
nology.

APPROACH METHODOLOGY

It will first be necessary to carry out an order-of-magnitude verification of the

design forces that had governed the earlier development of the instant anchor

concept. The check could be made with the help of a number of computer

programs available today. For this study, the OSCAR program has been used.

Since the study is concerned only with order-of-magnitude values, the analyses

will be carried out only as far as the following purposes are achieved:

(a) Determine the general behavior of the stiff leg.

(b) Determine the hydrodynamic properties and responses of the pier, and

(¢) Determine the design forces that will act on the anchoring system.




A brief description of the theory, the analytical model used, as well as the
results, and conclusion are included under Appendix A at the back of this report.
The analyses and the survey of possible advanced anchoring systems, set the
stage from which a new workable anchoring system for the expeditionary pier
may evolve.

STIFF-LEG VERSUS MOORING LINE CONNECTION WITH PIER

The stiff-leg connection as previously envisioned for the expeditionary pier is
shown in Fig. 3. It has the advantage of avoiding the problems with mooring
line connection including storing and handling the massive mooring lines, cable
fouling and entangling during slack water.

It now appears from the analyses that the stiff-leg solution will beget more
problems than it solves. Firstly, it lacks the flexibility of adjusting the length
of the connection to the changes in water depth. The stiff-leg connection will
require universal joints at both ends which could add considerably to the cost
and the risk of failures. The most serious drawback however, is having to resist
the axial compression in the compression-tension stress cycle, as the vessel
heaves and surges with each wave.

The mooring line connection therefore turns out to be a more logical solution
in comparison, although it is not without its difficulties. It simplifies the
connection problems, since more degrees of movement are permitted by a

flexible line. The oscillatory forces on the anchor caused by the waves are also
drastically reduced.

3.1 Mooring Line

A chain mooring line would be ideal for a single-point mooring (SPM),




because its weight allows the line to form a catenary that reduces uplift
on the SPM. For the mooring force of 2,000 kips under consideration, a

chain line with a diameter of 6" weighing 335 plf would be required.
Numerical details showing the chain length required for water depth of
90 ft are included in Appendix A. A chain line is however costly and
heavy. Its operation is time-consuming, and it poses problems in storage,
handling and connection to the SPM, assuming the latter to be installed
independently of the mooring line.

The polyester fibre rope could be a good alternate. It is more economical,
corrosion-resistant, lightweight, and easier to handle. For it to assume the
catenary shape, however, weights would have to be attached at various
locations along the line. If the presently available "KEVLAR 29" is used,
a mooring line of 9 - 2-1/2" dia. ropes bound together, weighing only 17
pif in air, can provide a breaking strength of 4000 kips. This is however
much more costly than the fiber ropes in commoner use at this stage of
its development. However the cost could be expected to go down as its
use is increased with time. Its use has been conceptualized in illustrations
shown in Figs. 4 and 5, and also pp. A-23 - A-25 in Appendix A.

4. THE SINGLE-POINT MOORING INSTANT ANCHOR

What distinguishes the instant anchor from the conventional anchor is of course
its "instancy", which is a measure of its responsiveness to the requirement of
the expeditionary pier. The rationale behind the instant anchor had been briefly
touched upon in previous reports. For the sake of the completeness of a report
that it dedicated to its development, it is reproduced below:

(a) For the expeditionary pier to be effective, it should be large enough to
accommodate say six combatant ships of the destroyer class.
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(b)

(c)

(@

It should be self-sufficient, so as to be able to operate in far away places
for an extended period of time, and it should be capable of rapid
relocation and deployment. The value of such a pier would be greatly
enhanced, if it is endowed with the capability to go into action
immediately upon arrival at site, or to depart at short notice. An anchor
that could be installed or retrieved quickly, say within an hour, would be
in keeping with the nature and the purposes of the expeditionary pier.

In order to minimize the huge environmental forces the pier/ship complex
would impose on the anchoring system, the pier should be made to head
the sea at all times. These requirements would point to the single-point
mooring (SPM) as the most suitable anchoring system for the pier.

Possible reversal of flow direction in channels due to tidal changes, ete.,
will require the anchoring system to provide the full holding capacity in
any direction. If the SPM is used, it will have to include the use of a
swivelling connection to the mooring line.

The concentration of holding power in one single anchor will greatly
facilitate the installation and retrieval processes, and enhances its
"instancy".

. DESIGN CONSIDERATIONS AND ASSUMPTIONS

Major design considerations and assumptions that are used in developing the

instant anchor, are summarized below:

5.1

Design Considerations

(a) The anchor will lend itself to rapid installation and retrieval.




(b) It will permit the pier to head the sea at all times.

{¢) It will provide the full holding capacity in any direction.
(d) It will be easy to maintain and

(e) 1t is reusable.

5.2 Assumptions

(a) The soils are penetrable to the depth necessary to provide the
required holding force.

(b) Water depth is generally in the order of 150 ft.
(e) For the purpose of a study design, the pier is assumed to be anchored
in sheltered waters, and not exposed to storm condition in excess of

Sea State 4, and

(d) Mooring ships are assumed to cast off and ride out a storm by
themselves, should the risk of anchor failure exist.

6. SURVEY OF STATE OF THE ART ANCHORING SYSTEMS

The requirement of instancy and minimum environmental forces will rule out
anchoring systems that require long installation and retrieval times, and those
requiring fixed orientation of the pier. Because the anchor has to be
! operational in any direction, the most likely solution would be a SPM that has
the form of a vertical, cylindrical anchor structure that has the capability of

. _A:l P



burrowing itself into the soil. The structure will be designed to resist the

tremendous shear and bending moment caused by a horizontal pull topside.

Several SOA techniques are available to sink the anchoring structure to a re-

! quired depth into the sea bottom, or otherwise keep the pier on station:

(a) The suction anchor.

(b) The propellant-embedded anchor.

(¢} The drilled-in anchor.

(d) The deadweight anchor.

(e) Dynamic positioning.

(f) Combination of (a), (b), (e) and (d) above with jetting. ;
These methods have the following common attributes:
(a) Large holding capacity in any direction.
. (b) Installation in controlled conditions.
(c) High capacity/self-weight (C/SW) ratio. E.g. the conventional fluke
anchor in sandy soil may have a C/SW of 2. Suction anchor of the

same weight could increase this ratio by a factor of 4.

’ 6.1 Suction Anchor

Only the surface-attached, or the semi-buried type of suction anchor will




be considered, since the presence of the swivelling joint and the umbilical
connections to the top of the anchor will not permit complete burial. The
anchor may be equipped with a jet ring to facilitate and accelerate its
descent into and withdrawal from the bottom of the sea.

A graphic presentation of the suction anchor concept that has been

designed for the~ expeditionary pier is shown in Fig. 7.

The advantages of the suetion anchor, as reported from experience,
include the following:

(a) Easy handling.

(b) Simple equipment for installation. These generally consist of

submersible pump and light crane on board the anchor vessel.

(e) Rapid installation. Penetration rate of 15em - 30cm per minute
has been reported.

(d) Instant load application after installation.
(e) Full holding strength in all directions, and
(f) Possibility of recovery.

These advantages refer to the self-buried type of anchor. The possibility
of recovery will be much greater with semi-buried anchors.



6.1.1

6.1.2

Design

The process of designing a semi-buried cup type suction anchor
suitable for the use of the expeditionary pier is presented in a set
of calculations and worksheets shown under Appendix B at the
back of this paper. The process begins with a brief parametric
study to provide baseline data on the effect and influence of
various parameters on anchor capacity. The state-of-the-art
technology is used throughout the design process. The results
indicate that for the suction anchor to provide the holding
capacity of about 3,000 kips ultimate, with a buried depth of 20
ft, the diameter of the suction anchor would be in the order of
50 ft. This is shown in Fig. 7. To facilitate the descent and the
withdrawal of the suction cup, a ring jet around the lower edge
of the anchor, as shown in the illustration, could be used.

Details

Details that have to be worked out include the swivelling joint on
the top of the anchor, an arrangement to avoid the fouling of the
mooring line with the umbilical cables, and the means to keep the
mooring line as close to horizontal as possible, and to reduce the
uplift on the anchor.

As shown on the graph on Page B-5 in the worksheet, under
Appendix B, the efficiency of the suction anchor against hori-
horizontal pull and uplift increases with the increasing horizon-
tality of the mooring line. Both will also increase with the depth
of penetration into the soil.
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6.2

The Propellant-Embedded Anchor

The embedment of anchor by propellant is one of the simplest and fastest
ways of anchor installation. The method has been used with success in a
number of ocecasions by the Navy. Unfortunately the technology
developed so far has been limited only to the buried type of anchor. This
essentially consists of a folded fluke, or a plate, which is propelled into
the soil by explosive force. The explosion is controlled by a sensoring
device, and is set off when the anchor package touches bottom. The
plate or the fluke is then keyed or set against the overlying soils, and the
anchor is ready for use. This type of anchor has shown high efficiency. It
has been tested to holding capacities of up to 400 kips, with embedment
depth varying from 20 ft in sandy soil to over 40 ft in soft mud.

The propellant-embedded anchor could conceivably be developed to handle
the much larger holding capacity required for the expeditionary pier. It

does meet all major criteria except two:
1) The irretrievability of the anchor, and
2) The preclusion of swivelling joint at the surface of sea floor.

The loss of a massive anchor assembly after every use is a distinct
disadvantage. Besides the consideration of loss, there is also the
additional problem of storing a number of spare anchor assemblies or
clusters on board, and of handling the massive weight when replacing one

that has been lost in previous use.

6.2.1 Design

The development of a propellant-embedded anchor is shown in the



6.3
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worksheet under Appendix B. Again, as for the suction anchor,
a parametric study to determine the influence and effects of
various parameters on the capacity of the anchor was first
carried out. Serious limitation of the propellant-embedded
anchor is the size of the plate or fluke that can be driven into
the soil by this method. For this reason and also for the fact
that it is not possible to develop a swivelling joint for this
anchor, it is not further considered in this study.

Drilled-in Anchor

As its name implies, the anchor is secured to the sea bottom by augering
into the soil to the required depth. It has a number of disadvantages. It
is slower, and it cannot achieve high capacity because of limitation of
auger size and power required. An improvement would be to bundle
several drills together, each in its own cylindrical enclosure, into one large
unit. The difficulty here is with the control of the drilling rates and the
reliability of the performance of the auger in each cylinder. The process
will be seriously jeopardized and put out of control, if any auger in the
bundle fails to perform as designed. In order to provide the necessary
reaction for the rotating tendency of the anchor during drilling, it will be
necessary to develop a drill bundle in units of two drill eylinders, and
rotating the two drills in each unit in opposite direction to cancel the
effect of rotating tendency by each drill. A sketch showing the multi-
eylinder drill bundle is shown in Fig. 8.

The deadweight Anchor

The holding power of a deadweight anchor is derived primarily from its
own weight. Other contributors include soil friction or adhesion on
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contact surfaces, and suction on the underside of the anchor. The latter

is particularly effective against transient loads.

Deadweight anchors, or gravity anchors as they are called in the offshore
field, are generally made up of several steel or concrete boxes that are
ballasted to increase their weight after they are placed on the sea floor.
The commonest ballast are sand and gravel. But concrete, iron ore and
other dense heavy materials have also been used. Considerable amount
of knowledge in gravity structures is already available from experiences
offshore.

In its application to the Navy's expeditionary pier, the deadweight anchor
does offer the advantage of rapid emplacement. However the ballasting
process involving ballast other than water will take much time. It is even
worse in the reverse deballasting process. The anchor is also not weight-
efficient. Heavy equipment will be required to handle a gravity anchor
that may be as large as the one shown iﬁ Fig. 9.

For this reason and for consideration of other factors that are unfavorable
to the use of deadweight anchors for the purposes of the expeditionary

pier, this anchor is not considered a likely solution.

Dynamic Positioning

A survey of the SOA anchor technology will not be complete without
mentioning the dynamic positioning (DP) method of keeping a vessel on
station. Since the pier is expected to be equipped with its own propulsion
system, it may be possible to incorporate the DP qapability in the system
without too much additional cost.




The biggest advantage of the DP system, besides being a truly "instant"
positioning device, is in its applicability regardless of water depth. It is
therefore practically the only way to go if the pier is deployed in deeper
water, or in the open sea to support the occupancy of an ocean region.

The DP is sufficiently developed by the offshore industry, so that its use
by a large vessel like the expeditionary pier would pose no greater
problem than adapting the commercially available DP units to this new
application. DP units with as much as 8 thrusters of 24,000 HP rating
have been developed and used (SEDCO 709 Semi-submersible). For a
holding power requirement of say 10,000 kips, 15 units of 30,000 HP units
may suffice.

A possible setback in the use of DP by the expeditionary pier, could be
due to the difficulty and time taken in a foreign site to locate and install
a baseline system on the sea floor for DP control. The taut wire system
may be simpler to use. But this also has its limitation.

It is not the intention of this report to go i‘urther into this method of
keeping station, than discussing it briefly in passing. With DP technology
continuing to advance, it can be expected to increase its role and its
usefulness with time. For the time being, we will continue our efforts in
the exploration of sea-keeping methods suitable for the purposes of an
expeditionary pier in relatively shallow and sheltered waters.

7. THE COMPOSITE SOLUTION

The above exercises had pointed to an anchoring system for the pier, i.e.:

(1) Large in size,

v oarid L.



(2) High in C/SW ratio from embedding itself in the soil, and
(3) Rapidly installable and retrievable.

The solutions according to plausible SOA anchor types, as described above,
represent incremental improvements that are circumscribed by the same
constraints as those before the improvement. What is needed is an advanced
solution that could free the SOA anchors from their present constraints, for the

use of such large vessels as the expeditionary piers, in the years ahead.

A mobile anchor that is equipped with its own systems for propulsion,
ballasting, suction, jetting or other means of burrowing itself into the soil, that
is either manual or remote~controlled, would be one such solution. A plausible
version of this self-contained mobile anchor (SCMA) is shown in Fig. 10. The
self-contained anchor may of course be lowered to the bottom by cranes on
board. The idea of a manned mobile anchor is however more intriguing, and
is therefore given more attention in this report.

A SCMA of say 4,000-kip capacity could be a vessel measuring 70 ft wide and
90 ft long from bow to stern, and 28 ft deep as shown in the drawings.

The SCMA is stowed at the stern of the pier, and lifted out of the water when
not in use. Upon apprival at site, it is lowered into the water with the operator
on board. The operator maneuvers the SCMA into position on the sea floor, and
activates and controls the jetting and suetion mechanisms to burrow the SCMA
to the desired depth. He then releases the messenger line to the water surface,
to pick up and guide the lowering of the mooring line to the swivelling joint on
the SCMA. The mooring line is connected to the joint, possibly by remotely-
controlled devices. The whole installation should not take more than a couple

[N . e e - A ARSI, T



of hours, assuming the rate of descent into the soil is the usual average of 20
em/min. and the required depth of penetration is 15 ft.

A possible unique feature of the SCMA is the multiple usage of the thrusters.
By manipulating a system of valves, the thrusters can be used to propel the
SCMA, to apply suction or pressure to the suction chambers, and to force water
through the jet nozzles around the lower edges of the suction chambers, to
assist in the burrowing or withdrawing operations. See Fig. 11.

One version of the hypothetical SCMA for 4,000-kip capacity is represented by
Fig. 10. Possible details of the swivelling joint is shown in Fig. 13. A line
diagram describing the mooring operation is included in Fig. 12.

COST ESTIMATE

A cost estimate of the 4,000-kip SCMA, necessarily a sketchy one considering
the early stage of its development, is presented herein primarily to satisfy one
of the conditions of the study. The estimate is made up only for the structural
steel system of the SCMA. It does not include the mechanical, electrical,
hydraulic equipment, and the control system which could be several times the
cost of the structure itself.

a. Concrete at $1000/cy $ 20,000

b.  Structural Steel at $2500/Ton $900,000
{

e.  Swivel Joint $ 15,000

TOTAL $935,000




9. CONCLUDING REMARKS

Inspite of some of its shortcomings (e.g. a large excursion area for the moored
vessel), the SPM offers many attractive features to the users. It can be simple
and fast to install. It is highly efficient for two major reasons:

(1) Unlike the multi-leg mooring system where an anchor may or may not
be called upon to act depending on the direction of the flow, the SPM
is used regardless of flow direction.

(2) ™ enabling the vessel to face the sea at all times, thereby reducing
to a minimum the force necessary to keep it on station, the SPM is
in fact equivalent to an anchor 3 or 4 times its size in a multi-leg
system that resists wave and current forces approaching the vessel on
the broadside.

Although large SPM's for offshore applications by the petroleum industry have
been built, they all have been site-specific, permanent structures that are
expected to more than pay for themselves from many years" operation. SPM's
that have to be carried by the ships are necessarily limited in size and capacity.
The SCMA could well be the next generation ship-carried SPM because it frees
the present SPM from the constraint of size. It is conceivable that the removal
of this constraint will open up new possibilities for the use of the SCMA, not
only for anchoring large vessel complexes like the expeditionary pier, but for
other purposes that require the use of underwater surface-attaching crafts.

This report has omitted a section on the identification of problem areas as was
wont with previous reports. This is done for a good reason; the entire concept
of the SCMA is novel and requires almost every component of the invention to
be further researched. Considerable work to develop the SCMA into an
operational anchor lies ahead, should its potentitals justify further pursuit.
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THEORY

The forces imposed on the mooring system are caused by wind, current and waves.
A single-point mooring system will not prevent the vessel from changing its head-
ing, but prevents it from drifting. By heading the sea, the vessel will resist the
least forces.

The wind and current forces mainly arise due to pressure drag and viscous drag.
These forces are dependent on the shape and size of the vessel, and the environ-
mental conditions, several empirical techniques are available to estimate these
forces. OSCAR uses a similar approach.

The forces on a moored body can be conisdered to consist of two components. One
is the non-linear contribution, which comprises wind, current and a portion of the
wave drift force. The non-linear forces are constant in nature. Non-linear
contribution of the wave forces is not very large in most cases. On the other
hand, the linear contribution of the wave drift force varies with the encounter
frequency and is quite large for moored bodies. Since the linear contribution is
a function of the wave height over a wave c¢ycle, it will produce a zero net force,
while the non-linear contribution will yield a mean force in the direction of wave
propagation. In other words, the magnitude of the linear force oscillates about a
mean value which is the non-linear contribution. Thus, a new equilibrium position
can be calculated statically based on the non-linear forces.

The effects of the direct wave motions can be either calculated based on speci-
fied Response Amplitude Operators (RAO's) for the vessel or a frequency domain
analysis can be performed of the direct wave induced motion considering the
stiffness of the mooring system in the equilibrium configuration. For the "stiff-
leg" mooring system, the linear wave forces described above are expected to be
very significant since the stiff-leg member will tend to resist any sudden motions
in a rigid manner.

. .‘J.-:i -



ANALYTICAL MODEL

OSCAR provides two options by which the hydrodynamic forces can be calculated.
One is the strip theory, and the other the three dimensional wave diffraction
theory.

The strip theory was used to analyze the expeditionary pier. In the service mode,
the expeditionary pier has the finger or the wing piers fully extended (Fig. 1). In
essence, there are three vessels interacting with each other, along with the moored
ships. OSCAR can only incorporate two vessels at one time in an analysis. This
limitation was overcome by modelling the wings of an integral part of the spine
pier. Since the pier with or without the wings has very high radii of gyration in
roll and pitch, their approximation will not greatly affect the computed motions
of the vessel for head seas. This is illustrated by a comparison of RAQ's of a
model with large radii of gyration and a model that represents the radii of gyration
of the spine pier alone. See pp. A-12 - A-13, Appendix A.

Another limitation that ensues by using the above model is in the computation of
the non-linear component of drift foreces. In order to calculate these, OSCAR
makes certain assumptions that may be applicable to regular vessels, but may not
be apt for a large, irregular waterplane area of the model described for the
expeditionary pier. For instance, OSCAR makes certain generalities of the vessel
shape and size relative to the wave length, which imply erroneous effects of wave
diffraction and generation.

On the other hand, the linear component or the oscillatory component is not as
complex to calculate as the non-linear component. This is a function of wave
velocity, height, angle, ete.; the motion history and the wave diffraction potentials
are not involved in the linear motions,



Since the non-linear drift forces will not be very significant in the behavior of the
stiff-leg, these can be estimated by other means conservatively. The approach will
be to estimate the forces that are "static" in nature (wind, current and non-linear
effect of wave drift) and impose these on the system at the corresponding
equilibrium position, fix the system, and impose the irregular sea condition of
interest and find the linear motions and the resulting forces on the stiff-leg. The
motions and accelerations yielded by this calculation can also help in selecting

(designing) the equipment that may be used on the expeditionary pier.

The results and pertinent output are included in Appendix A.
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RESULTS

The mooring forces calculated above indicate that the stiff-leg anchor is not
feasible. Due to the huge mass and waterplane area of the expeditionary pier, the
linear contribution of the wave force is greatly amplified when a stiffness is
associated with the vessel. In addition to the tension force, the stiff-leg
experiences the same magnitude of compression to complete a cycle correspond-
ing to the wave period.

It is suggested that a mooring line {catenary) should be used to hold the expedi-
tionary pier in position. The catenary line will have to resist the non-linear or the
"non-transient" forces caused by wind, current and wave drift. The linear or the
transient forces can be absorbed as kinetic energy generated by the movement of
the expeditionary pier, limited displacements can be tolerated by the catenary line
without developing excessive forces.
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F' o does ndl unclude el wef‘le‘t
of aénchor

on outside Face only (nside fce frihin redveed) .

'
AR o (-
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N TERANATIONAL

STRUCTURAL ENGINEERING
315 Bey St., Sen Franceco. Cs. S4133

mNgvy ~rer donapts
T8M T tout Anchor fr Fxp. Doy

SULTION ANcwoR

R
T 3
-=> Fy Ry = bose shear rescst .
s Rp = passive press. resust.
WLT | T . 7RE W = WE. of sol plug
H @ ; 1W5 ’ ) e5= sken  Frnetion
JL J; - = e i E = mayx. lme lemsion @ £ ° k]
= . ° g
=, Fi = Coo @ K x® (k)
bk p
F = R//SW«N 1
ok Fe Fu/ cosol 2

fys Wg Ke

fus K(‘P g;, =

e (compited wn Tob. 1)

F Cos o<

F = [Y’pgagn‘ggw- 52) + (Ws - Fume) Tam ,av] r/m«

2o+ #)
TABLE 2
H= 157 H= 20
o Otas 457 Dir = 507 Ocor = 457 O = 507
,g Fho Foy 9 L AL £ RT F (% £ (k] £y &
o | 2545 2545 | 3002 %007 | 3915 | %975 | 4651 4651
2 | 2480 2478 | 2927 | 2925 | 3815 3872 |4%35 | 4532
4 | 2422 2416 | 2860 | 2853 | 3785 | 3715 (4420 | 4419
6 | 2370 2857 2796 2180 3703 3682 | 4334 4%10
8 | 2320 2297 (2140 | 2713 | 3630 | 359¢ | 4247 | 4205
fo 12280 2245 | 2690 2649 3567 | 3508 4170 4106
fa | 2210 2144 2604 2526 | 3448 %3465 | 4035 39215
18 | 2150 2044 |2535 | 2414 3856 | 2191 3929 37%6
2z | 2100 1947 |2482 2%01 | 3206 | 3046 | 2845 2565
26 | 2070 1860 2442 219¢ 3239 2906 3784 3404
30 | 2047 1772 2415 2091 3128 2762 2742 3240

ke
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PROJRET: Uavy Prer &onceprs

IYOM: Thsten] Archor 07 Eep. Prer

mHNATlQNAL

ORSIGN: v
suetron Auclor
STRUCTURAL ENGINEERING 2

3185 Bay St., Sen Francisco, Ce. 34133

Mo, Lusie tension F T (kups)

4500

4000

3500

500

2000 » * ’

——  angle of pvf ' " (degrees) ——

RS T
RS - 8 SV
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PROJECTY: \iavy PLer concep?h

wmATIONAL

STRUCTURAL ENGINEERING
315 Bay St.. Sen Frencieco. Ca. S4133

Typ_PROPELLANT EMBEDDED ANCHOR

Conchor bLeng

//%

mitizl pos, —_

| R fwisl pos.

Faclure mode

N A F
L - e N Py
! ST Y
t . \\ RN . I
7748 7¢48 S
f, o TR N shear pone ?‘U"’K(_‘_, #)
{ . ~ . ~ N N Se
- / JER BN \\ — \-—.-LJ . %
e 8 —d ,l B —
\ , .
e 2>46 y ¢ (Z‘a:dw:’e);z v‘?my
Fa (eMNe 1—;’/\/;,)/\ - o = ¥ 4.1.6(?44»«1-6)
e sands . (Yy = 130 ZF, P=37°,s=2000sf)
Ex g MNg.A oR  Fax1i5Tz A
f’ * Y,f
Ny = 15 (ﬁr local r’zd/wg)




PROJECT: Navy HFier Cloncepts

W.NATIDNAL

TEM: I stant Ackor For Exp. Dley

DENIGN:
STRUCTURAL ENGINEERING

Prope llanl  Embedded snchoe.

315 Bey St.. Sen Francieco. Ca. 94133 ATE:

_FoR_ Clays (Y',,s 175 BF, #=0>, c=700hRfF)
£ = (SC *Y%) A
Ne = &
Ng = |
5
! exe’ 8'x 8’ 10°x10° 12 °x12°
Ckf;% 12‘,5) (724’;/' (ZP) (EDS (fi‘p) /:‘,D) /Z’ﬁ) rEun) ;
10 167 | 148 | 245 | 262 |28 412 | 220 | 593 |
15 340 160 42% 28% |51% 443 610 %7 |
20 592 170 715 30% | 850 474 9290 ¢87
25 690 140 1102 2727 |12865 505 1480 127
30 - 190 | — 243 | — | 53 — | 772
L 40 - 215 | - 34% | — | 598 - |8ez
45 - 22 | - | 403 | — | é29 — 907 ;
50 - 237 | — 471% | - 1 60 — 952
conclveron

- higher copoety con be achived wn  sand , sut

povetration 15 lomited

- difficnll To predil  pentlrdticn £ letovor of Frrer

flvkes .
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STRUCTURAL ENGINEERING
1S Bay St.. Sen Frencisco, Ca. S4133

PROJECT AN2vy ﬂ/’(/ é”‘CP/’J
YO ZostanT Aichor for Bop For
SN Do i  Anckor

Tye. /low cepaccty drifled -wn - gnchor (a.1A)

/
'L B o

[2teval

copaecty '
by shzft bendmg

sungle -Flght helux  plate.,
|' -\J . '.'
; == vertical capsecty
- €T by sol  werw
'_Fjroppéed hush i copxcty IA .
anchor lime
SWe Ve, \4{/
Jont dniving machinery
_W..-T_—W ' LY
| *]
H | c2ang
1 {E’ﬁ: T T counter votatumg
) B TS 4 4 + .
: : Artils
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w YO Taanl_Ancker Br Exp_Alr 27
ERANATIONAL iGN o=

STRUCTURAL ENGINEERING
315 Bey St.. Sen Frencisco. Ca. 84133

BRERET >y Drgr loncepls

NOoTES

3 lerge H/o retid  may ot be schievable

vertical capacity s obtaned by skem -frictwon,
self we dht  ond we sht of soud tn caseny .

laters! capacity 1s obtamed by passwe
pressure  on The sioltes and base shear.
Behavior mdy be dufferznt For  Adgh H/D .

holdum capacs ty  hehzrior relative Zo
swze (D) and péretration clepth(H ) s
Sumelar T tThol af svetion anchors .

e e e e e e+ s
: PSSR g5+t




PROWEY: ovy Per lorcepts
TR Custant Aackor 7r Ecp Ay
Deadwesht Snchors

WMATIONAL

STRUCTURAL ENGINEERING
318 Bay St., Sen Frencieco, Cs. 94133

Typ. bead wewtht dnchor.

A, Fom

T .
Al B i
o

b
T f 4. suts

oorwg’ lene

The capaccty -of the deadweyht anchor can be
estemated w 2 wmonner similay To  (he Swtion
anchor.,

F = FV 6M~ o

ot f = f”/Cosa:
F = [Y'pna tn’Cas+#5) + (W - Fém o) t,“yjym

A ressonable way To studly The Tessub ity of the dead-
weLsht  srehor 15 To  compare (T wl'th  The  suction
anchor with simler  paromelters. The  welght regucred
by (he de;a/u/et']/tf anchor T acheeve an Vo lenT
copecty 85 8 svetion snchor of same  size well
be (om/:utt/.

Fot !

H=I15', Dads’ , (op Frs 2144%P° @ = 1g’
vepd. wt. in waler = 1900 Leps
H=i8" , D= 50 Cop- = 252651 @ o= qs’
vegd  wt. . waler x 2300 Hps
Has20' , ©O= 45’ tp: Bz USSR w14
repd wt o waler = 2520 klps

- . 14
H=20", Ds so’ Cop> : B s 4000“’“ @ «

regd wt. um woter = 3110 Kps




PROJECT: \Jovy ler Lonceprl

ITOM: oK Contamed Nol'le SncloR

WMATIONAL

o - ™y
STRUCTURAL ENGINEERING CPOPeLLY sem
318 Bey St., Sen Franciaco, Cs. 54133 4
Obtan  clmensions Ffor SemA bosed on  suetion- oncter

Prueple .

bes.yr or Jooo%  Llaters/ szzz«.‘#\/. for ddetoied ol .

b onsle = 45 °

Ar
* ¢
o x5’ .=, Gy« 4000%
H
& % 3
F= Ffu Jotm = a141 *
fuz Féma = 1071 %
fa= Y OH?2u2CA5+ #h) + (Ws—F tma) tom ¢
C Z2b+H)
Asvme,

V=006 KeF , #=37°, 2= 10
Check Fy R D= 807 £ He (5!
FH » 4200 K oK
Note,

'm dbes Ot mchide self wt . oF ScM4
pold hival  ballal .




‘Novy FPler clonceprs. ’
TERNATIONAL R
STRUCTURAL ENGINEERING WAL RAEVISIONS
S Bay St., Sen Frencisco. Ca. 94133
Item u/et‘j/v‘t (ToNS)
lonerete 40
Steel -
Svehon Chanbery Z70
Riter 50
Mechpntdl qw.‘fmeﬂ‘t
# hxtures @200psF 952
Sweve!l Touwt 8
Shuchuwal Hewbtrs 80
7otal 1400
1400 Tond . T
Appx . weg’ld . wRPEr = 200 Toud . .
) )
Yokme o ! goxe 7m‘re/ hr Nevtrs!

bvo yomey

- 1dored - 37500 F1?
2000




