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nFamily" of BubDocks STATO mooring anchars.

ok g

et e KRS ST N

2 bt L

ETLLE SN S8 S RO IR LN N oSl } KXW




FOREWARD

Anchors and porticularly moocing anchors, have been developed inter-
mittently for many years. Much of the past work in this or related fields has
been confined to model studies because the equipment required for full=scale
tests is large ond expensive and bzcause there are many variables such as anchor
shapes, sizes, stobilizers, soil types, etc. The Bureau of Yards and Docks,
which is responsible for developing permanent-type moocings, initiated a :
comprehensive progrom in November 1947 to improve the efficiency of the Navy ]
Stockless anchors and to develop a more suitable design criteria for mooring
anchors. This program was undertoken by the U. S. Naval Civil Engineering ]
Labocatory, Port Hueneme, Califomia, with full-scale anchors and with test ;
equipment which could simulate ship mooring in sand and mud (clay) type bottoms.

Tests could not be conducted in rock or coral bottoms because of the unavail- ]
ability of suitable test sites.

Approximately 3,000 test pulls were conducted during the period from
November 1947 to December 1958 on anchors ranging in weight from 75 pounds
to 30,000 pounds.

The tests covered by this repoct (1955~1958) were made to develop a “family" i

of new mooring anchors, which is light weight, has optimum efficiency insand
and mud bottoms, and develops from 6,000 1b to 210,000 Ib holding power.
These tests continued the anchor development studies conducted during the period

from 1547-1955.
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OBJECT OF RROJECT

To develop mooring onchors with improved stability and greater holding
powers than existing anchors obtain in sond, mud, and clay bottoms.

OBJECT OF TASK

To develop a “family™ of new mooring onchors having characteristics such
as light weight, stability, fobrication from mild steel, low cost, and higher
holding power in sand and mud bottoms than anchors presently used in Bureau
of Yards and Docks moocings.

OBJECT OF REPORT
This final report describes the design and development of a "family™ of

mooring anchors which is lightweight, performs efficiently in sand or mud bottoms
ond provides a range of holding powers 0. 6,000 1b %o 210,000 ib.
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ABSTRACT

Existing fleet mooring anchosx have, in many instances, behaved emrati-
cally under load due to rotational Instability and insufficient holding power in
vorylng types of bottoms. In November 1947, the Bureau of Yards and Doclks
directed the U. S. Naval Civil Engineering Loboratory to test presant standord
anchors to: 1) determine their behavior and holding power in sand, mud and
clay, 2) compile factual data for modifications of existing anchor types and
3) develop design criteria for new, moce efficient moocing cnchors. Upon com-
pletion of tests on the current type anchors in May 1955, the Laboratory developed
and fobricated a “fomily™ (200 1b, 3,000 Ib, 6,000 Ib, 9,000 Ib, 12,000 ib)
of new moocing anchars which is capable of holding pows:s ranging from 6,000
ib to 210,000 Ib In a sand bottom, ond can operate moce efficiently In mud than
present type stockless or commerzial anchors with stocks.

From the results of the Investigation of the new mooring anchor, it was
concluded that this anchor will satisfy the physical and operational requirements.
specified by BuDocks.

It is recommended that the new mooring anchors be used In permanent type
moorings oa various types of soll bottoms in an ln-service evaluation test to pro—
vide operational information on performance characteristics.
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INTRODUCTION

The Bureau of Yards and Docks Is responsible for the construction of Fleet
mooring facilities. Anchors and ground tackle are utilized in the installction
of these moorings for all types of vessels, floating drydocks, cranes and similor
types of craft. The Navy stockless type anchors are used most aften for these
moorings but they have poor rotational stability and a small holding-power-to
anchor-weight ratio. They ure unsuitable for moorings placed in locations with
limited drag space where the mooring cannot be permitted to drag because of
proximity to obstacles. Because of its interest in improving the holding power ;
characteristics of the stockless anchor and in developing on improved mooring
anchor BuDocks conducted model studies and allied research to improve the :
stockless type anchor. Following this, the U. S. Naval Civil Engineering
Loboratory ot Port Hueneme, California conducted full scale studies and investi-
gations 1+2:3 from 1947 1o 1955.

From 1955 to 1958 and at the direction of BuDocks#, the tests described
in the body of this repott were conducted to develop a "family" of new mooring
anchors which is light weight, stable, fabricated from mild steel, low cost, ond
has optimum efficiency in sond and mud bottoms. In addition, these advantages
were to be achieved with a minimum number of anchor sizes which would provide 3
holding#powers of 6,000 Ib to 210,000 b in sand bottoms. 3

Others have developed efficient anchor fluke shapes and dimensional
relationships batween anchor parts 50 only minor improvements along these lines ;
were accomplished during the design of the new mooring anchor. While extensive ]
study and efforts were made to determine the correct dimensions for the new anchors,
probably the most important improvements were the concept of field adjustment
of the fluke angle from 34 degrees for sand operation to 50 degrees for mud operc-
tion; and the addition of palm extenslons which cause the anchors to bury them-
selves in mud bottoms.
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ANCHOR BESIGN

The holding power of the Navy stockless-type anchor is based on the
anchor fluke area, but for convenience holding power is expressed in terms of
anchor weight and is approximately § times the ancher weight in air for stock-
less-type anchors operating in a sand bottom. (BuDocks Menual, Mooring Guide
Volume 1, NAVDOCKS TP-P¥-2, March 1954). The real function of anchor
weight is to reinforce the anchor for operation and to help it penetrate the
initial resistance of the sea bottom. 1

The results of the tests conducted by NCEL from 1947 to 1955 to improve
the Navy stockless-type anchors were used 1o establish design criteria for an
improved mooring anchor. These design criterio are:

(1) Light weight. T

(2) Two flukes which can rotate a maximum of 50 degrees either side of
the shark. (This type of construction is advantageous in tha! there is ]
no right or wrong side and the anchor may be set without regard to a ;
right-side-up position.)

(3) The fluke angle be adjustable by field alteration from a S0-degree
angle for mud to a 34-degree angle for sand bottoms.

(4) The crown be kept tu a minimum size to reduce bottom resistance.

Lo € g o Br

(5) Stabilizers be used to ensure proper orientation of the anchor and thereby
a more uniform holding power.

el Bt

(8) Svufficient tripping palm area be provided to assure positive fluke
tripping in mud bottoms. (It had been determined that one primary 3
cause of low holding power In mud was the inability of the anchor ;
flukes to trip and begln setting into the bottom. "The anchor flukes
are forced upward due to the vertical reaction of the mud against ]
the botiom area of the flukes as they settle through the soft material.
Therefore a tripping plate with sufficient area to cvercome this mud
reaction against the flukes must be provided or the anchor wili skid
along with the flukes In a raised posiﬁon.a")




In addition to the avove design specifications BuDocks requested that:

(1) A “fomlly" of anchors be devaloped with holding powers from 6,000
Ib to 210,000 1b.

(2) The number of anchors comprising the "family™ be kept to the most
practical minimum.

(3) The anchors be welded using plates of mild steel for construction.

(4) The holding power of anchor be described as that holding power
resulting after anchor has drugged a distance of 50 ft. In accordance
with the established criteria, a holding power to anchor weight ratio
of 20 to | was selected as being the best ratio to provide a minimum
number of anchors which would produce the required holding powers
and allow the other design requirements to ba met. Corresponding
anchor weights to holding powers were established a3 shown below.

Anchor Weight Holding Power
(Pounds) (Pounds)
200 6,000
3,000 30, 000 to 60,000
6,000 90, 000 to 120,000
9,000 150,000 to 180, 000
12,000 210,000

The new anchors, nomed BuDocks STATO? mooring anchors, (see Frontis~
piece) were designed with two movoble flukes. The requirement for using mild
steel necessitated the addition of stiffeners afong the length of the flukes, although
model studies® have indicated that higher halding powers can be obtained with
anchoes having smooth surfaced flukes rather than flukes with stiffeners. The fluke
aspect ratio (toiq! area of 2 flukes to fluke length squared) wuos established at
approximately 0.50 to provide the required holding power in the selected sand
and mud test areas. The length and width dimensions of the flukes for the STATO
anchors are listed in Table I.

The optimum tluke angle as determined experimentally is 34 degrees for
sand! (Figure 1) and 50 degrees for mudS (Figure 2). Fluke angle, as used in this
report,isithe angle subtended by the center line of the shank and the flukes when
the flukes are rotated to the extreme open position. To comply with BuDocks
request for fleld adjustment of the fluke angle, it wos decided that the anchors
would be fabricated with a 50 degree fluke angle and that a wedge insert, held
in place by bolts, would be used to reduce the angle to 34 degrees, (Figures

3 and 4).
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Figure 4.

BuDocks STATO mooring anchor with wedge
insert bolted In place.
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During the previous sond lests it become apparent that the ratio of the
fluke length 1o shank length was very important to selting and burying anchors
and that anchors which would be expected to bury themselves 1o consideroble
depths would be very sensitive to variations of this fluke/shank ratia. This is
especially true in sand bottoms which have greater resistance ta enchor pene~
tration than mud. A fluke/shank length ratio of 0.60 was determined by test!
to be the best ratio for these enchors. The flukes were sharpened at the tipe
cnd the shank waos beveled on the upper and lower edges to facilitate burlal.
For the zome reason, the design of the onchor crown required that itx size be
held to the minimum required for proper strength. It was necessary, moceover,
to provide adequaie tripping action; the tripping palms were set at angles of
130 degrees from the fluke. The rotio of the crown thickness/Fluke length was
set at 0.29, but this changed 10 0. 54 when palm extensicns were used.

.
B b B ALY e s e

ey

The size and shape of the stobilizers were determined from the results
and observaticns of previous testsl; 2,3, The shape and angle of the stabilizers
had been obterved to affect holding power when the angle of the Stabilizer
plates were voried as little as 5 degress. The length of tha siatilizers for cach
weight anchor is shown in Toble | and Is detailed on Yards and Docks drawlings
813506 through 813521, Appendix "A“. The flve onchors as constructed are
shown In Figures 5 through 9.

The problem of proof loading a mooring anchor or any anchor has been
investigated by others ond oplnions vary on the method and amount cf applied
load. Mr. K. P. Farrel in his report” states the problem clearly. For the
mooring anchors described in this report, the proof lodd wos based on the
designated anchoc holding power in a sond bottom at 50 ft drag: P1= 1-1/2 HP
(P1 = proof lood; HP = holding power at 50 ft.) This is equivalent to a load
of approximately 30 times the onchor weight. The proof locd was applied to
the fiukes at a point 1/3 from the fluke tips (L = length of fluke.) No spacer
was used between the shank and flukes during the test. Proof loods for the
STATO mooring anchors are shown in Table il.

ANCHOR TESTING APPARATUS

The sand and mud bottom test apparatus consisted of two 5 by 12 (35 ft by
72 ft) Navy Lighter pontoon barges for carrying the test equipment, a 5by 14
(35 ft by 83 ft) Navy Lighter pontoon warping tug for dropping and retrieving
the anchors; a 400,000~1b capacity electric dynomometer to measure the holding
powess of the anchors; and a Model BL)-140 Skagit winch (Figure 10) to drag
the anchors, The winch was spooled with 2,500 ft of 1-3/8 in. diaméter wire

.
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rope, which wos reeved through sheaves mounted on the two barges to form

the six-part line, (Figure 10). One of the 5 by 12 pontoon barges wos enchored
with two 30,000 Ib Navy stockless anchors (additional cnchors were required

in mud boltom tests) and the other borge was attached 1o the test anchor with
suitcble lengths of anchor chain.

The Commonding Officer, San Froncisco Naval Shipyard, Huniers foint,
California assigned an area ‘c the Loboratory (approximately 150 fi by 300 ft
adjacent to Pier 55) in which to conduct the mud bottom tests. The sond bottom
test orea ot Port Hueneme, Califomnia was located between the harbor entrunce
and the west jetty. Figures 11 and 12 show generol views of the barges at
Hunters Point and Port Hueneme during the mud and sand bottom tests. In Figure
11 tha test anchor is located beneath the buoy between the two farthest barges
while the buoy in the right foreground locates one of the 30,000 Ib stockless
anchors used to hold the barges in position. The enchors were dragged ot a
speed to 2 ft per minute.

The warping tug winch was used to break the test anchor locse from the
bottom after a test pull ard to reset it for the next pulls. The force required to
breck the test anchor loose from the sand and mud wos measured with a Martin~
Decker strain gage on the worping tug winch line. The lifting force was applied
to the onchor shank through a cable attached to a buoy and the depth of anchor
burial was measured by means of this cable.

SOIL ANALYSIS - SAND

The s0il analysis mode during the initicl sond tests (1950) wos used os
repcesentotive of the soil corditions existing during these tests. Samples were
analyzed by the Soils Laboratory at BuDocks ond an excellent evoluation of the
interaction of the anchor and soil was made by BuDocks personnel. This report
is contained in Appendix B. The mechanical soil analysis indicated 95% sond
particles and 5% gravel; 923 of the sand was less than 0.6 mm in size (Sieve

‘size 28).

SAND BOTTOM ANCHOR TESTS (PORT HUENEME)

With the wedge inserts installed to reduce the fluke angle to 34 degrees,
each anchor was pulled at chain angles of 0-, 6-, and 12-degrees. The chain
angle is the angle subtended by the chair and sea bottom at the anchor shackle
and is computed on the basis of a catenary curve by the method shown in

Appendix C,

L S

e e b 7




Figure 11. Mud bottom test site in Son Francisco Bay.
Buoy in right foreground locates one 30,000~

Ib Navy Stockless anchor.

- N | rrvele.

.
ke " - — -

Figure 12, Test apparatus for conducting the anchor tests in
sand at Port Hueneme. Anchor being tested is
located by buoy at far end of barges.
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Table 11l shows the chain sizes ond lengths used to test the STATO
anchors at the various chain angles. Six test pulls were conducted at each
chain angle for each enchor at a rate of drag of 2 ft per min. The holding powers
of the onchors were recorded at 5-ft intervals of drag for a distance of 250 ft,
thus providing data for plotting a curve of anchor holding powers versus dis-
tonce of drag. In this report, the ratio of the halding power to anchor weight
in air, H®/wt, was taken after the anchor drogged 50 ft. Llonger drag distances
will produce a lorger holding power, however, a distance of 50 ft wos set by
BuDocks as the }imit of allawable travel for moorings in confined locations.

In ocder to eliminate possible costly repairs and delays, the anchors were
limited to a drug distance which would not produce a holding power greater
than thelr proof load, although in one instance the 12,000 Ib anchor was min-~
tentionally looded to failure as described later. This limitation restricted the
length of drag on ail five STATO anchors at O-degree chain cngle 1o less than
250 ft.

The vertical force required to break the test anchors loose from the
bottom at the end of each test pull (Figure 13) was measured with a strain
gage mounted on the warping tug winch line (Figure 14). The depth of water
was approximately 25 ft at the test site. Table 11 lists the five STATO moocing
anchors average holding power at the 50 ft drag point, weight to holding power
ratio, depth of burial, proof load, and the average breakout force at the end
of the tests. Graphs of the test results for the average of six tes! pulls of each
anchor at chaln angles of 0, 6 and 12 degrees are shown in Figures 15 thiough
19. The average holding power of each STATO anchor drogged at a O-degree
chain angle for 50 {t, and to the breakout point follow.

Anchor Welght Holding Power
(Pounds) (Pounds)
50-ft Drag Point Polnt of Beeakout

200 9,600 9,600
3,000 69,700 86,700
6,000 122,800 183, 400
9,000 199, 800 Z71,100
12,000 235,800 314,900

Operational procedures required that the barges be anchored by the test
anchoss during the night. The test area wos partially sheltered by two jettys ot
the Port Hueneme harbor entrance, however during stormy weather accompanied by
southerly winds the test orea becomes exceedingly rough. One such storm occurred
during the night while the 12,000 Ib anchor was under test. The following day
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Figure 13. View of worping tug moking break-out test, free
board at bow of tug is normally 3-1/2 ft.

Figure 14. Strain goge used to measure braok-out force of anchors.
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the holding pawer of the test anchor set by the storm wos measured at 415,000
Ib and upon attempting to retrieve i1, the shank pulled out of the crown, All
of the anchors were subsequently sirengthened at the crown by the addition of
small bearing blocks. See the drawings in Appendix A.

ANCHOR CHAIN TESTS - SAND (PORT HUENEME)

Test pulls of the anchor choln alone were conducted to determine the
resistanca developed by the chaln drogging through the sond bottom. The average
holding power of 450 ft of 2-3/4-in. anchnr chain was 32.4 kips. The anchor
chain connects the ancher to the ship, but Is useful primarily to flatten the angle
at the anchor shackle and to absorb shocks as the chain catenary dips and sivaightens.

SOIL ANALYSIS - MUD

While the term "muc™ is not descriptive of a 01l in terms of texture, it
will be used in this repoct as it is commonly used to describe 301l mixtures bused

on composition and structure.

A 2-in. dlometer Porter sampling device wos used to take samples of il
down to a depth of 30 ft in the path of the anchor test pulls and the 30il was
analyzed in the loboratory at the Twelfth Naval District Public Works Office,
San Bruno, California. The samples were tested for liquid and plastic limits,
specific gravity, unconfined comprestion ond consolidation (Tables IV, V and
Figures 20 and 21) and mechanical onalysis (Figure 22). Unconflned compresiion
tests were performed on the samples at their natural water content and tha rate
of strain was maintained between 1/2 percent to 1-1/2 percent par minute.

The type of fallure s shown in Figure 23. For the consolidation tusts, the fleld
specimens were piaced in a fixed-ring consolidation device, seated firmly, and
loaded in increments as shown in Table IV. Direct shear tests were made on
tha undizturbed spaciment taken with the Pocter sompler, In a consolidation-
quick condition, at a constant displacement of .05~in. per minute (Figure 24).
Shear tasts wara moda on samples taken at depths of 19 ft and 25 ft below mud
line. Triaxial shear data were obtalned by conducting unconsolidated undrained
tests on samples taken with the Porter sompler (Figures 25 and 26), The test
lateral pressure, measured with a proof ring type stressomater, was applied
instantaneously and the specimen sheared quickly. Volume changes were noted
during the tests. Rate of strain was equal to about 1 percent per minute.
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Table IV. (Cont'd)

Hole Sample Elav. Unit weight Ib per | Moist content |Unconfined
no. no. depth cu/ft (% dry weight)|compression
wet (tcn/sq ft)
5 3 12 95.5 57.2 66.9 0.11
6 18 95.4 5.2 6.9 0.15
9 24 97.9 62.2 5.5 0.13
12 0 4.1 56.0 68.0 0.24
6 2 7 ?1.1 0.4 80.6 0.04
5 12 ?1.0 5.4 80.6 o.n
7 17.8 95.1 55.7 70.8 o.n
10 3.8 4.2 55.2 70.8 0.1
13 13 0 6.4 5.6 0.26
7 3 11.8 9.0 51.6 74.3 0.08
7 18.0 4.4 54.2 74.3 0.07
9 23.8 91.4 52.4 74.3 o.n
13 30 4.9 61.0 55.6 0.12
8 3 1.8 89.4 52.5 70.3 0.06
7 18 91.8 53.9 70.3 0.10
10 24 93.8 58.6 60.2 0.13
13 0 100.3 62.6 60.2 0.21
Table V. Soil Consolidation Data
Shear
Hole {Sample} Elev. Consolidation Direct {angle of
no. | no. |depth % ociginal ht cohesion| internal
(ton/sq ft (psi) |friction
1/8 {1/4 ;i/2 | 1 4 8
2 2 19-21]13.0}19.2]27.1]33.6 48.0|54.5
5 |23-25] 8.6}13.5]19.5]26.2 39.8146.1
3 23-25 360 1P
6 19-21 340 1P
8 23-25 360 1P

Hole No. 1 composite of somples 2, 3, 4 ~ liquid Hmlt 55, pknﬂcﬂy lndex 29

Hole No. 1 composlte of samples 11, 12, 13.
Hole No. 2 sample No. 4 = liquld limit 54; plas.lclty Index29
Hole No. 6 composite of samples 2, 5, 7, 10-liquld limit 42; plasticity Index 18
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Figure 20. Consolidation data - mud bottom.
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Figure 21. Consolidation data - mud botiom.
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Ry 4

Figure 23. Unconfined compression test failure.
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Figure 26. Triaxial shear test failure,




The soil contained approximately 50 pescent cloy porticles with 8Q percent
water content, and the cohesive strength was . 18 ton per square foot.

The so0il at the test site wos termed “mud" becouse the high water content
in the silty clay material produced a low sheor value. However, the mechanicol
composition of the 10il showed 50 percent clay content and this indicated that
at cbout the 22 ft depth the material would be firmer and have larger hoiding
powers comparable to those of a "clay" bottom. The mooring anchors were so
designed as to bury themselves to a considercble depth - as much as 32 ft
for the 9,000 Ib anchor ~ ond therefore the resulting holding powers are not
strictly comparable with *mud" bottom holding powers. However, the upper
levels of the s0il resemble *mud™ ond similarly effect the tripping and initial
setting of the anchors.

MUD BOTTOM ANCHOR TESTS

The anchor test barges were towed to San Francisco Nawval Shipyard,
Hunters Point, California to conduct the "mud" bottom tests in San Francisco
Bay. Investigations at the test site had shown the silty clay material in the
bay to be 100 to 150 feet thick and the water 35 ft deep.

The anchors were readizd for testing by removing the wedge inserts from
the anchor shanks to permit the flukes to open to a 50-degree angle, and
welding the palm extensions (Figure 27 and Y & D drawings Appendix A) on
the tripping palms. The palm extensions increased the orea of the tripping
palms by approximately 100 peccent for eSch anchor.

Six test pulls were made on each anchor at chain angles of 0-, 6~, ond
12-degrees. The anchors were dragged for a distance of 250 ft except when the
holding power reached the proof load of the anchor before this distonce as it
did while testing the 12,000 Ib anchor at O-degree chain angle.

During the tests on the 9,000 Ib STATO anchor, the anchor barge which
was secured by the 30,000 Ib Stockless anchors, was dragged from its position
and the 12,000 Ib STATO anchor w1 added to the two 30,000 Ib Stockless
anchors to hold the anchor barge in position while the 9,000 b mooring anchor
tests continved. Subsequently, the 9,000 Ib STATO anchor wos used to assist
the two 30,000 b Stockless anchors while testing the 12,000 Ib STATO anchor.
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Table VI lists, {1} the oweroge halding powers of each anchor that were
determined during the six test pulls (the avernges are based on six test pulls),
{2} the holding power to anchor weight ratlo, and (3) the depth of burial lato

the mud, (4) the proof load cnd, (5) the average vertical force required to breck
the anchors {oose from the mud bottom at the end of the test pull, Graphs showing

the test results of the average of the six test pulls for each anchor are in Figures
28 through 32. The holding powers of the anchors at 0 degree chain angle,

were:
Anchor Weight ~ b 200 3000 &000 9000 12000
30 ft Drog Distance - 51 57.5 79.7 154.4 185.5

kipe

At Breakout Polnt 5.1 86.4 139.6

Distance - kipe

In every test, all five STATO anchors tripped ond buried inta the mud.
In no instance did the anchor skid along the mud surface oc rotate after seating

into the bottom.

During the breakout tests on the 12,000 Ib STATO anchor It was not
possible to obiain the maximum breakout foccedue to structural limitations cf
the warping tug. Therefore the maximum besakout force measured was [imited
o 150 kips, however actual breakout force if measured would exceed this lood

during u continuous pull on the anchor.

231.3 286.3

The importance of the angle of the palm extensions (or tripping palms)
in relation to the fluke wos emphasized by o tust in which the palm extensions
were set at g 90 degree angle to the fluke instead of the previous 130 degree
angle. It had been suggested that the 90 degree angle being perpendicular
to the line of pull would tend to trip the flukes quicker. The palm extensions
on the 3,000 {b anchor were madified to the 90 degree angle and the anchor
was pulled six times at each chain angle of 0~, 6-, and 12-degrees. Table Vi
shows that the average holding powers at these chain-angles after 50 ft diag
were 27,1 kips, 29.0 kips and 24.1 kips respectively. Compare this to the

holding powers of 57.5 kips, 50.1 kips, and 39.1 kips when the palm extensions

ore set at 130 degree angle to the flukes. .
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ANCHOR CHAIN YESTS - MUD

The anchor chains alone were test pulled to determine their resistance
when dragged through the mud bottom. The average holding power after S0-ft
drag of 440 ft and 490 ft of 2-3/4 in. anchor chain was 12.0 ond 15.8 kips,

respectively.

DISCUSSION

The term mooring onchor, as used in this report, it an anchor which, in
permanent moorings, provides a firm hold on the bottom for the attachment of
riser chains to secure a buoy. Single fixed fluke mooring anchors bite quickly
into the bottom but must ba lowered into position so that the anchor londs in
the proper position to the bottom. The hinged or moveable fluke type moocing
anchor does not require lowering to the bottom but may be dropped or skidded

from the deck of a vessel.

The bower or ships (stockless) anchor has been used in moocings without
modification but it is inefficient and unsuitoble for this purpose because of its
instability and low HP/wt ratio. Compared to the stockless anchor, the moocing
cnchors described in this report, are more efficient In both sand and mud bottoms
(see Table ViI) and cre more stable because of the addition of the stabliizer.

A fixed fluke anchor, such as an admiralty type, hos the advantoge of
selting or blting into the bottom in a shorter distance than a movable fluke anchor.
The fixed fluke anchor will normally develop approximately 80 percent of its
maximum holding power after 20-ft of drag, while in this some distonce the
movable fluke anchor will develop only approximately 50 percent of its maximum
holding power. Howaever, for anchors of equal weight, the holding powers of an
efficient movable fluke anchor will equal or urpass that of a fixed fluke anchor
in a drog of 20 ft. This was substantiated by tests on several fixed fluke anchors!.

The five STATO anchors, designed and tested by the Laboratory meet all
of the design requirements specified. It must be remembered, however, that
the holding powers recorded during the tests were for the specific soil conditlons
encountered at the test sites and that anchor holding power varles with il
composition and stratification.

The holding power to anchor weight ratio, 20 to 1, for the STATO anchors
appears relatively small when compared with claims of 80 to 1 or 250 to 1 for
certain weight Kite and Danforth type anchors, but it is not possible to compare
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these anchors with the STATO anchors because the length of drag, speed of drag,
il characteristics, water content, number of tests, size of chain elc. required
fo produce these holding powers is not known. Small increases in the speed of
drag con tesult in large indicated holding powers. Both the Kite and Danfocth
anchor types have the basic characteristics necessary to produce large holding
powers: large fluke areas (2592 sq. in. for 1300 Ib Kite anchor), fabrication
from steel plate, no large crown to present resistance to burial, ond opproximately
X degree fluke angle for optimum operaticas In mud (Kite anchor). Their dis-
advantage is a fixed fluke angle (In the Kite anchors and in some Danfocth
anchors) which normally requires setting the anchors in an upright position, and
prohibits optimum operation in both mud end sand battoms.

By using high tensile steel and increasing the length of drag, the final
holding powers of the STATO anchors could be increased to 20,000 b,
110,000 ib, 200,000 lb, 340,000 b, and 360,000 Ib {extrapolated values of
the curves in Figures 15 through 19.) This increase in holding powers persish
for all siz=s of STATQ anchors rather than only certain weights of the anchors.
Again it should be noted that these holding powers are foc the type of sond
present at the test sites and for the speed of dmg used during the tests. While,
of the commaercial anchors previously test, 1:2,3 a specific anchor may have
shown a greater holding-power to anchor-welght ratio in a specific sl con~
dition, no anchor tested by the Loboratory has consistently equaled the per-
formance of STATO anchors in either sond or mud bottoms. From the many
tests conducted by the Laboratory and others8 on varous types of anchors, it
has been noted that the Danforth type anchor produced results nearly comparable
to the STATO anchors.

The princlpal naw design features developed which produce the moce
efficient operation of the STATO mooring anchor, are the wedge insert for
field odjustment of the fluke angle and the palm extensions which assure trip~

ping of the anchor flukes in mud.

The 0-, 6~, and 12-degrea chain ongles used to test each of the STATO
anchors were computed on the basis of the expected holding power of 20 to 1
at the 50 ft drog polnt. Results of the tests! on Navy Stockless anchors Indicated
that their holding power in sand bottom decreased by approximately 15 percent
at 6—degree chain angle and by approximately 38 percent at a 12-degree chain
angle. The computed chain angle closely approximated the actual chain ongle
during the stockless anchor tests because of the small amount of anchor burfal.
Thus variations In 30il conditions and increased holding power at greater depths
are not Introduced In the computation, and variance in the chain angle Is pri-
marily controlled by changing the length of the chain. The STATO anchor is
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designed to bury itself deepiy into the ncean bottom, and the additionol depth
of burial and resulting increase in holding power have o marked effect on the
chain angle. Consequently, the original computed values for the vorious chain
angles used in the STATO anchors tests varied from the actual values. The chain
ongles shown on the graphs in Figures 15 through 19, Figures 28 through 32 and
Appendix E are computed values based on estimated holding power and no anchor
burial. The actual chain angle values, computed on the boxis of the measured
holding powers and measured anchor burial, are shown at the bottom of each of

the graphs.

Results of the tests of the STATO anchors, at computed chain angles of
0-~, 6~, ond 12-degrees, indicate that either the holding powers were unaffected
by the shocter chain lengths (Figure 17) or that the holding powers were not
effected uniformly by the shorter chain lengths (Figure 18). The computed values
of the chain angles for the tests in Figures 17 ond 18 show that the chain angles
in each test varied in accordance with the chain length, holding power, ond
depth of burial. Applying the Farrin and Lechy theory? shows that tha holding
power depends directly upon the fluke area moment: the chain angle assumes
the specified direction of pull on the anchor shank and os the anchor buries
and travels through the bottom, it rotates longitudinally because of the up
[ift on tha shank caused by the shortened chain length; this rotation reduces
the project fluke area and in effect reduces the holding power. Consequently,
anchors with small fluke angies and deep burial characteristics will be sensi-
tive to changes In the attitude of the onchor in relation to the bottom. The
STATO anchors tend 1o continue to bury themselves during dragging and eventu-
ally assume an attitude of equilibrium dependent upon the length of drag.

During several of the tests of the STATO anchors at a é~degrea chaln ,
angle, the anchors buried themselves rapidly and reached a:maximum (proof
load) holding powec (Figures 15, 16, and 17) before the anchoc could be
offected by the chaln which wos pulling at approximately the 6-degrée angle.
During the mud bottom tests, the anchors were more readily affected by the
chain angle because the soil was more fluid; a more uniform change In holding

. power at 0=, 6~, ond 12-degrees was recorded (Figures 28 through 32). Stock~
less anchors have Initial fluke angles of 45 degrees and even after the anchors
have rotated because of the change in chain angle, still have a relatively large
projected fluke area. The computed holding powers of the STATO anchors ot
0-, 6~, and 12-degree chain angles are based on ihe variations of the measured
holding powers at different chain angles and are listed In Table VIil, For the
"family" of anchors the average decrease in sand botiom holding power Is 19
percent at 6-degree chain angle and 40 percent at 12-degrea chaln angle.

Chain lengths could not be eastly changed during the tests to adjust for varlations
in the tide and therefore the computed effect of tide change on the chain angle

was found to range ¥ 1.5 degrees,
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The holding powers of the anchors are in accord with the theory, expressed
by Lechy ond Fareln? , that the holding power Is a function of the moment of the
project fluke orea about @ ground surface. While the holding power may be stated
os peopoctional to the projected fluke area momeat, it might be more specificolly
identified a3 a function of the il density and anchor size {shope) which in tum
is dependent upon the depth. Graphs of holding power versus fluke area moment
for the STATO mooring anchors in sand and mud botloms ore shown In Figures 33
and 34. Several Navy anchors, with ond without stobllizers, and Danfocth
anchors are included in the graphs for comparative purposes. A convenlent
method of expressing the holding power of an anchor s by stating it as a ratlo
to the anchor weight in air, since the welght Is a commonly available valve. The
ratio of the holding power (at the 50 ft drag point with c O-degree chain angle)
to anchor weight In air for the STATO anchors is 20/1 for sond and 15/1 for mud:

HP/Wq = 20 in sand and HPAY, = 15 in mud.

Expressing the holding power of the anchors os the average of the six test

polls may be supplemeated by considering the holding porrers in terms of either the
confidence limits of the holding power values obiained oc a3 a confidence interval
expressed at a confidence level. With the variations in holding powers present
due to Inherent variables in soil conditions, the reliability of expressed holding
powers may perhaps be best stated at a confidence level of 95 percent. This
mecns that the expressed holding power interval or limits will be wrong In 3
percent of such statements. Higher confldence levels may be uted, however

the limits become 3o far apart that they are unusable in this study. Therefore,

the expressions of the confidence limits of the holding powers of the moorisg
anchors In Table 1X and Appendix D are based on a 95 percent confidence level.
it Is believed this Information will provide the designer of a permanent moosing
with a little better conception of the rellability of the expressed holding powers
and some additional basls for designing the safety factor In a mooring. The con-

fidence limits of the holding powers at a 95 percent confidence level for the

STATO meoring anchors in sand bottem follow.

Anchor Weight Coafldence Limits
(Pounds) 95%
(Pounds)

200 7,000 - 12,000
3,000 55,000 - 83,000
6,000 117,000 - 129,000
9,000 189,000 - 210,000
12,000 241,000 ~ 250,000

Grophs which show the variations between the six test pulls appear In
Appendix E.
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The measwed breakout forcs for the STATO anchors is relatively high
when compared to anchors which do not bury deeply into the s0il. The values
listed in Table Il are typical of the force necessary to retrieve the anchors by
lifting on the onchor chain, bu? if a marker buoy with lifting line Is attached
to the onchor crown, then the breakout force will be lest because when the
lifting line is retrieved it will pull the anchor backwords.

To permit fabrication of anchor weights different from the "for ily™ tested
oc to select a specific holding power (within relative confidence limits) a grapn
has been prepared piotting anchoe weight versus holding power versus pertinent
anchor dimensions (Figure 35). in this graph, one typical example has been
shown in dash lines. If a holding power of 16,000 Ib is desired (at the 50 ft
drag #=int in a sand bottom), then the Intersection of this holding power with
the curve indicates that the desirad anchor weuld weigh 5,000 Ib and the
dimensions of the principal poris are shown at the right to be: stabilizers
40.7 in., fluke length 77.6 in., fluke width 22.0 in., and shank length 139.0
inches. 1t must be remembered that this is a particulor “family tree” anchor ond
expected performance will be subject to soil conditions. The depth of burial
in sond, similar to test area wil, would probnbly average approximately 4.2
fr' (ground surface 1o top of shank).

K. P. Forrell shows’ that some methads of proof loading anchors by uting
spacers between the shank and flukes, penalizes anchors which work at low fluke
angles. The U. S. Navy method uses no spacers, and loads through holes in
the flukes. This appecrs to be the most satisfactory method of applying the load,
however, fluke-yokes which use neither holes nor spacers were adapted for
proof lcading the STATO mooring anchors. Figura 36 is a graph showing the
proof loads and holding powers for the "family* of anchors.

In order %o obtain some Indication of commercial manuracturing costs
and fabrication problems a small shop was engaged by contract to make the
3,000 Ib mooring anchor. The cost for the one anchor with wedge insart and
palm extensions was $1,648.00 or $0.55/1b. No fobrication p. blemz were
encounfered. The anchors fabricatad In the Laboratory shops, 1 .g govemment
purchased matesial, cost approximately $0.25/1b.
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CONCLUSIONS

The following conclusions are based on results of the tests conducted in
the mud and sand bottoms described throughout this report:

1. The design of the BuDocks STATO mooring anchor fulfilled the hold-
ing power specifications. After S0~ft drag, the avezroge holding power versus
anchor weight In air ratlos In sand and mud bottoms are approximately 20/1 and
15/1 respectively. This holding-power-to-anchor-weight ratio for the "family"
of mooring anchors is good in sand bottoms when compared to other light-weight
type anchors and is excellent when mud bottom holding powers are compared.

2. The wedge insert was found to be a practical and efficient method of
reducing the fluke angle to 34-degrees for sand botiom operation.

3. The palm extensions require additlonal welding but did make the
flukes trip in every instance In mud botiom operation. The extensions should
be sat in line with the tripping palms at an angle of 130-degrees to the flukes.

4. A S0-degree fluke ongle Is satisfactory in mud bottom.

5. Anchors of this design are sensitive to small dimensional variations
ond 01l conditions.

6. The holding-power-to~anchor-weight ratio of the STATO mooring
anchors is superior ta the Navy stockless anchor, with or without stabilizers,
In both mud and sand bottoms.

7. Fabrlcating the eachors from mild steel plate was accomplished but
details required reduce the holding-power-to-anchor-weight ratlo.

8. Breakout force of the STATO anchors Is larger than for stockless
anchors or other anchors which do not bury deeply Into the ocean bottom.

RECOMMENDATIONS

It is recommended that the BuDocks STATOanchors be in-service tested
in permanent type moorings to determine any adverse operational characteristics
which may become apparent through varying or continuous operational usage.

T RO S WS

2T YT R

%P A

IO AR]




ACKNOWLEDGMENTS

1. The Commanding Officer, San Francisco Naval Shipyord authorized the
Laboratory to conduct tests at Hunters Point and with the excellent cooperation
extended by the Public Works Officer the tests vere completed with a minimum
of delay and cost.

2. The Twelfth Naval District Public Works Office, San Bruno, California is
to be commended for their excellent assistance in analyzing and providing graphs
of the soil samples taken in San Froncisco Bay.

3. Mr. R. S. Danforth of Berkeley, Califomia, manufacturer of vanforth
Anchors, supplied several new type anchors for comaative test purposes with-
out cost to the government.

4. The Baldt Anchor Choiu and Forge Division of the Boston Metals Compony
furnished twa .»w mud anchors of their design and a Croseck anchor for test and

obserworion without cost to the government.

|
|
\'
|
|
!
|
|
|
.
N AR TR L WA WRA R L1 | VRT3 .;]

»
Conemra tTEARC vl b e R AT S N A bl R

PRV AN

e adkad

L) R O TV A

]

TSNP P PP N Y N W et P A




REFER=INCES

1. R. C. Towne, Test of Anchors for Moorlngs and Ground Tackle Design,
NCEL Technical Memorandum M-066, 10 June 1953,

2. R. C. Towne and J. V. Stalcup, Tests of BuShips Anchors in #ud and
Sand Bottom, NCEL Technical Note N~195, 5 August 1954,

3. R. C. Towne and J. V. Stalcup, Tests of Anchors for Moixings ond Ground
Tackle Design In Mud Bottom, NCEL Technical Memorandum M-097, 15
December 1954.

4. BuDocks letter to NCEL, Hr D-421B/EHL, 9 May 1958.

5. STATO - A combinlng form from Greek 'stator' meaning fixed; also the
initial letters in the names (Stalcup, Towne) of the two NCEL employees who

designed and developed the new mooring anchors.

6. H. L. Dove, "lnvestigations on Model Anchors, ™ Tronsactions of the
tnstitute of Naval Architects, XCll, 1930,

7. K. P. Farrell, *Improvements In Mooring Anchors, " Transactions of the
Institute of Naval Architects, XCil, 1950.

8. A. V. Nunez, “Expeciments with Modem Types of Anchors, ™ trans. Phillp
Chaplin, Irgenleria Naval, XiX No. 188, February 1951.

9. W. H. Lechy, Lt (CEC) USN, and H. H. Forrin, Lt (CEC) USN, *Determin-
ing Anchor Holding Power from Mode! Tests, ® Transactions of the Society of
Naval Architects and Marine Engineers, XLIiI, 1935.

;
4
3
;
£
1
H
¢

LN

S bkl SLA b el (G

g e B Bl A g

frrgerol o S o

e




APPENDIX A

BUDOCKS STATO Mooring Anchor Yards and Docks
Drawings Nos. 813506 thcough 813521
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APPENDIX B

BUDOCKS Report, Sand Samples, 5 Janvary 1950
by L. A. Ralmer
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Sand 1eads to bulk or densify during shear such os occurs when on anchor
is belng dragged through the soil. Movement or shifting of sand particles under
water is resisted by the viscosity of water; therefore, sand under water is not os
dense in-place as is sand on the shore. Consequently, larger holding-powers
will be obtained during beach tests on an onchor then will be obtained during
under-water tesls.

The soil samples taken during the water tests were given shearing tests
after separation and classificatinn of the sands. The sonds at the test sile were
divided into three groups: fine sand, medium sand, and coorse sand. The
groduations for the three types of sands ore shown in Figures B~1, B-2, ond
B~3, respectively. In the shearing tests, the initial and final voids mtios were
determined for each individual shearing test. The voids ratio is the volume of
void: divided by the volume of solids in a given volume of sond. Thus, in
a cubic foot of sand having a vaids ratio of 0.50, the volume of solids is twice
the volume of voids, or 2/3 cu foot, cnd the volume of total voids is 1/3 cu
foot. The lower the voids ratio, the greater the unit weight of the soil.

In practically all sheoring tests, the sand either bulks or densifies during
shear. This volume increase or decrease is determined by two conditions: the
inifial voids ratio before shearing, and the system of applied load. Since, with
sand, the relation between the principal stresses is fixed at ony instant and at
any given volids ratio during shear, it follows that the volume change during
sheor is controlled by the initial voids ratio and the magnitude of the minor
principal stress during shear.

The relationships between the stresses for the case of oxial symmetry is
shown in Figura B-4; s being the shearing stress on the surface of shear and P
and p, being the major and minor principal stresses, respectively. This is the
wellfﬁnovm Mohr diogram.

If a sample shears at constant volume, the Initial voids ratio is the critical
voids ratio of the material. To every critical voids ratio, there corresponds a
fixed and definite value of minor principal stress, pp. If the initial voids ratlo,
e, is below the critical value, the sample bulks during shear, the volume increase
being proportional o the extent to which the initial e is below the critical value.
If the initial voids ratio is above the critical e, the somple compacts during shear
to an extent that is proportional to the difference between the actual initial e and
the critical value. At the critical value, the sand shears with neither bulking nor
compactiou. This is the critical e, or zero line. Figures B-5, B-6, and B-7 show
the fine, medium, and coarse sands respectively.
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Figure B~1. Mechanical soil analysis of fine sand at the test site.
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Figure B~-2. Mechanical soll analysis of medium sand at the test site.
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wrein tize in millismaters
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Figure B-3. Mechanical soil analysis of coarse sond at the test site.
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The angle of internal friction also changes as the sand bulks or compacts.
This angle varies within wide limils in the some zand. The relations between the
critical e and p, are shown in Figures B-8, B-9, cnd B-10. The relations between
the initiol e and the angle of internal friction for the fine, medivm, and coarse
sands, respectively, are further shown in Figures B-11, B-12, ond B-13.

A study was made to determine the stress analysis for an anchor being
dragged through sand; but, because of the large variable factors in the test, no
precise data could be obtained. However, it is possible to obtain some indication
of the effect of voriations in the sand density on the resistance to anchor pull; that
is, with a given anchor and a given sand bottom, how much the resistance to pull
may be made to vary by bulking or densifying the sand, keeping ali other variable
factors such as angle of pull, depth of penetration, etc., constant.

Sand Initial e Initial @ | Rongein e | Ronge in @
Fine 0.9 3.0 0.3 7.4
Fine 0.6 37.4 -— -_
Medium 0.9 25.0 0.3 2.0
Medium 0.6 45.0 - -—
Coarse 0.7 35.4 0.2 10.4
Coarse 0.5 45.8 — —

The fsictional resistance varies more with e in the case of medium and
coarse sand thon in the case of fine sand. This observation may be true only
for the sand in the test area. Also, there is a wider ronge in initial e vari-
ability for fine and medium sands than for coarse sand. This follows because it
is easier to densify a cubic foot of loose sand by shaking than to densify a cubic
foot of baseballs by shaking.

It is possible that repeated dragging of an anchor over the same route in
sand will eventually bring the sand along the path of pull to its critical density
corresponding to the minor principal stress developed by the pulling force. That
is, if the sand in-place is initially dense, repeated dragging of the anchor will
progressively bulk the sand until a limit is reached; and, if the sand In-place Is
initially loose, cepeated anchor pulls will densify It, within a-limit. The limit
would be the cendition of critical density. When this limit is attained, subsequent
variations in resistance to pull would be due to variable factors other than the
skearing resistance of the sand. .
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Figure B-8. Voids ratio vs angle of internal friction for fine sand at the test site.
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One important properly to study, where onchors are dragged in sand bottom,
is the relation of critical density 1o stress, the s comresponding to various initial
e values. )

From the last equation for s (see Figure B-7), the variations in anchor pull
caused solely by variations in inltial e of the sand are shown in the foliowing
table.

Sand Initial e | Sin & Ton @ | s = Py (1 +sin@) ton ¢
Fine 0.9 0.515 0.600 0.9
Fine 0.6 0.607 0.765 .23
Medium 0.9 0.423 0.456 0.6
Medium 0.6 0.707 1.000 1.71
Coarse 0.7 0.579 0.710 1.12
Coarse 0.5 0.717 1.030 1.77

Example: suppose that p, is the weight of submerged sand above the center
of area of the surface of on anc%'nor opposed to the line of drag. If the depth
is 8 ft in submerged sand py is about 0.5 kips; then:

for the fine sond,

4.55 k/n2

0.5 x 0.91

orf 3

0.5 x 1.23 = 6.15 k/it?
depending upon whether the initial voids ratio is 0.90 or 0.60.
s = unit shearing resistance
for the medium sand,
corresponding values for s are

s = 3.30 k/ft2 or 8.55 k/ftZ

depending on whether the initial e is 0.90 or 0.60.
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for the coarse sand,
s = 5.60 k/i? or 8.85 k/i?
depending on whether the initial e is 0.70 or 0.50.

For the medium sord, the percentage increase in s by decrecsing =

from 0.90 10 0. 4D is:

8.35 - 3.30 , 100 = 160 percent, approximately.
3.30
Actually, the increases in tolal shearing resistance are considerably
greater than moy be indicated because the surface of shear tends to be increased
in area or extent as the voids mtio is decreased and the angle of internal friction
increated. It must be remembered thot total, and not unit-shearing, resistance
is considered, and that the shearing surface has ceference to that developed by

the anchor.




APPENDIX C

Computation for Chain Lengths used During Anchor Tests
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Figure C-1. Cotenary curve.
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The chain lengths were obtained by relations as follows (shown in Figure

At point (x, y)

PRI TR T L IO aNr )

V=ws H = horizontal force at point (x, y) :
H = we V = vertical force at point (x, y) ;
T = wy T = axial tension at point (x, )
Equations of a catenary s = length of curve from point (0,c¢) to g

2.2 (x ¥)
y2 =3 =¢

) w = weight of chord per unit length

¢ cosh #-

o=
|

_ e
s—-csmhc 1

An emmpl; of the calculations for computing the chain length for an
12,000-1b anchor is as follows:

e
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Example:
Maximum holding power of 12,000-1b anchor, H = 220,000 Ib

Chain = 2-Y/4" Cast Steel anchor chain

Weight (Ib) of 15-fathom shot of chain when submerged in 123 water
= 7434% = 5,616 Ib

d = wire diameter of clwin in inches

AT T LI T IO ot A s T o 1Y

Weight per foot in sea water = 62.4
c = H/w

220,000/62.4 = 3525 ft

C

since the slope at the anchor is to be zero then the ancher is at point

(©,c).

The rise from the anchor to the instrument car = 15 ft therefore, at
the upper end of the chain, point (x, y),

bt e Th LA B 2 Ak T o LG

y = 3525 + 15 = 3540

now;2=32+c2
3
or 52=y2-—c2 4

therefore, at point (x, y) s =V35402 - 35252 = 3551t

Total length of chain required (including 5 ft from bow of car to dyna~ ;
mometer) 355 + 5 = 340 ft. ;

Stress in chaln at upper end =

T =wy = 62,4 x 3540 = 220,896

et A AT ) o T P T DA AL TTINEY A
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" APPENDIX D ﬂ

Computations of Anchor Holding Power Confidence Limits
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Computations of Anchor Helding Power Confldence Limits:

Typical Exomple: 12,000 Ib Mooring Anchor = Mud Bottom

H.P. kips  Avg. H.P. . |

at 50 ot 50 ft Dev. Dev. Sq. Varionce Std. Dev. :

183.4 21 4.4

192.6 + 7.1 50.41 ;

145.3 185.5 -40.2 1616.04 g

179.3 - 6.2 38.44 3

21.6 +16.1 259.21 4
210.8 +25.3  640.09

2608.60 521.72 22.84 ;

Variance = dev. 3q. + (n-1) = 521.72 i

j

Standard daviation = V/varionce =22.84 ’

Varionce of averages = varionce # no. of tests = 521.72 ¢+ 6 = 86.95 5

Standard daviation of average = V856.95 = 9.32

Coafidence interval limits = 185.5% t Vvor. for tests

na, of tests

185.5 £ (2.5%) (9.32) = 185.5 + 23.95 + 209.45 kips

AL e AN L VI e

185.5 - 23.95 = 161.55 ki

The confldence interval for averoge = 209.45 and 161.55 at 95 percent
confidence level.

n - 1 = number of tests minus 1 = 5 -

t = Students *t* distribution for degrees of freedom = 2.57 at 95 percent J
confidence level. ’ )]
degrees of freedom = number of tests minus *1 = 5 ]

AUt A3 AN 2t 18X
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APPENDIX E

Graphs of individual test pulls at 0-, é-, and 12-degcee chain
angles of all BUDOCKS STATO anchors tested in sand and
mud bottoms
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