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FOREWORD

This report was prepared for presentation at "Recent Developments
in Ocean Engineering," sponsored by the University of California at
Berkeley in January 1981. It was written in outline format to provide a
practical up-to-date guide for the practicing engineer to enable selec-
tion and sizing of common anchor types including direct embedment anchors,
deadweight anchors, drag embedment anchors, and pile anchors. |
For each anchor type, the report includes site survey recommendations, '
briefly describes various anchors within each anchor category, presents
methods for determining anchor performance and, in certain cases, suggests
practical options for improving poor anchor behavior. :
The topic of anchor design is broad, and this report does not 1
pretend to provide complete solutions for all anchor selection and
design problems. However, it does provide state-of-practice solutions
to most general anchoring problems and makes the designer more aware of
his options and the limitations of each anchor type. For complex or 1
critical anchoring applications, the reader is referred to sources of
information and references that are provided throughout the report.
A majority of the information presented in this report was taken ‘
from published and unpublished reports by the Foundation Engineering
Division of the Naval Civil Engineering Laboratory under the sponsorship
of the Naval Facilities Engineering Command and the Department of Energy.
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SITE SURVEY |
1
4 |
A. Site Survey Requirements i
1 1
3 - Requirements differ according to: i
: Anchor type [Pile, Deadweight, Drag, Embedment] !
Loading condition [Static, Dynamic] i
Soil type [Sand (cohesionless), Clay (cohesive)] :
; Mooring use [Manned, Unmanned] i
3 .
; Minimum Recommended Site Survey Requirements }
: Required Site Information* 4
. Anchor Type
! Non-Critical Mooring Critical Mooring
; Deadweight General seafloor type Seafloor type, depth of sedi- ;
} (mud, clay, sand, ment, areal variability, esti-
i rock). mate of soil cohesion, fric-
i tion angle, scour potential.
§ Drag Embedment Seafloor type. Seafloor type and strength,
i (approximate) deptb to rock,
i stratification in upper 10’
§ to 30' (depending on soil
{ type), areal variability.
§ Plate Anchor Seafloor type; Engineering soil data to ex-
depth to rock; pected embedment depth (soil
: o Use estimated strength, sensitivity, density,
. properties provid- grain size, origin, depth to
. ed or other avail- rock), additional data required
i able info. for dynamic analysis.
'% Pile Anchor Sediment type, Engineering soil properties to
3 depth of sediment. full embedment depth
: o Use estimated (soil strength, semnsitivity,
properties provid- grain size, origin, density),
ed or other avail- soil modulus of subgrade reac-
able info. tion for laterally loaded piles.

*Geologic literature survey suggested for all situations to help define
soil type and existence of seafloor anomalies.




B. Sediment Property Determination

- Variety of tools exist to acquire quantitative or qualitative data.

Static, dynamic penetrometers, in-situ Sub-bottom profiling
vane shear device, corers, grab samplers side scan sonar

[Refer to Lee and Clausner (1979) - Soil Sampling Techniques]

- Information/Data-Sources

Lamont-Doherty Geological Observatory of Columbia University, Palisades,
N. Y. 10964

National Geophysical and Solar-Terrestrial Data Center, Environmental Data
Service, National Oceanic and Atmospheric Administration, Boulder, Colo. 80302

Chief of Operations Division, National Ocean Survey, NOAA, 1801 Fairview
Avenue, East Seattle, Wash. 98102

Chief of Operations Division, National Ocean Survey, NOAA 1439 W. York
Street, Norfolk, Va. 23510

Naval Oceanographic Office, Code 3100, National Space Technology Laboratories,
NSTL Station, Miss. 39522

Scripps Institution of Oceanography, La Jolla, Calif. 92093

Chief Atlantic Branch of Marine Geology, United States Geological Survey,
Bldg. 13, Quissett Campus, Woods Hole, Mass. 02543

Chief Pacific Arctic Branch of Marine Geology, United States Geological
Survey, 345 Middle Road, Menlo Park, Calif. 94025

Woods Hole Oceanographic Institution, Woods Hole, Mass. 02543

C. Sediment Property Estimation
(When detailed physical survey not practical)
- Determine whether sediments are:

Terrigenous (land-derived) sediments or pelagic
(ocean-derived) sediments (e.g., pelagic clay, oozes).

- -
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Ocean sediment distribution

1. Terrigenous Sediment Properties

- Assume all continental shelves and slopes are terrigenous.

- Typically complex and varied sediment type particularly,
near-shore, glaciatad areas, high current areas.

- Refer to National Ocean Survey charts to determine whether
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Mud
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depth. Consult an expert for
design advice.
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Much of the nearshore is
overconsolidated (greater past
overburden than presently exist-
inz) usually a desirable anchor-
ing situation. Locations (e.g.,
glaciated areas, high current
areas, tops of rises, passages).
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2. Deep Ocean (Pelagic) Sediment Properties

If deep ocean site is not an abyssal plain, determine if depth is
above or below Calcite Compensation Depth (CCD).

Topography of the calcite compensation depth (CCD). Calcareous sediments are found
only in those locations where actual water depth is less than the CCD: numbers on
contours denote kilometers below sea surface

Subhartnm Deph 1mi

caa e L oa




If above the CCD - sediment probably

calcareous.

If below the CCD - sediment probably pelagic clay.
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If location is classed as
siliceous ooze

Subbotiom Depth (1)

Whenever possible consult experts

at a nearby oceanographic institu-

tion for property data.
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D. Hazardous/Unusual Seafloor Conditions

- If these conditions are encountered or anticipated, caution is
necessary

- Design possible, but requires more detailed procedures than
presented

e e .

Examples of Hazardous/Unusual Seafloor Conditions

e Submarine lava flows occupying a relatively small and irregular area.

o Small sediment channels, local extreme bottom slopes, cliff-like
topography, or giant seafloor ripples.

-~

e Erratics from ice-deposited glacial detritus.
} e Metallic nodules or "pavement" formations above soft sediments.

e Sloping seafloor greater than 10 degrees.

i ociienion. Sl

o Deep ocean siliceaous ocoze (>30% biogenic and siliceous).
e Clean calcareous ooze (>60% biogenic and calcareocus). {
® Sensivity >6 in a cohesive soil.

e Cohesive soil strength varying by more than 50% or + 100% from
typical profiles presented.

¢ Unconsolidated or very high void ratio clays with c/p values near
0.1-0.15. ;
1

e Thin sediment layer above rock. 4

e Layered seafloors - soft sediment over stiff/dense sediment or vice
versa.




GENERAL FEATURES OF VARIOUS ANCHORS

Deadweight Anchor

Lacrge vertical reaction component, permitting shorter moorioy
line scope

No setting distaace

Reliable holding force, because mest holding force due to
anchor mass

Simwple, on-site constructions feasible, tailored to task
Si1ze limited oaly by load-handl:iag equipment

Economical; weighting material readily available
Reliable on thin sediment cover over rock

Mooring line connection easy to inspect and service

"non-yielding” anchors (i.e., piles, embedded plate anchors}

Good reaction to vertical load components, works well in
combination with drag embedment anchors permitting short
mooring line scopes

Latersl load resistance low compared to other anchor types

Usable water depth reduced; deadweight can be undesirable

|
!
Good energy absorber when used in conjunction with I
|
i
!
obstruction l

Plate Anchor

Drag Embedment Anchor

Broad range of anchor types and sizes available
High capacity (greater than 100,000 1bj achievable
Standard off{ the shelf equipment

Broad use experience

Can provide continuous resistance even though maximum capacity
exceeded

Anchor 1s recoverable

Usable with wire or chain mooring lines

Anchor does not function in lithified seafloors
Anchor behavior erratic in layered seafloors

Low resistance to uplift, therefore, large line scopes required
to cause near horizontal loading at seafloor

Penetrating/Dragging anchor can damage pipelines, cables, etc.

High capacity (greater than 100,000 1b) achievable

Resists uplift as well as lateral loads enabling short scope
moarings

Anchor dragging eliminated

Higher holding capacity to weight ratio than any other type
of aanchor

Handling is simplified due to relatively light weight
*
! Anchors can function on moderate slopes and in lithified
seafloors

*
Installation is simplified due to possibility of instan-
taneous embedment or seafloor contact

Accurate anchor placement possible

Does not protrude above seafloor
2,3,4%

Can accomodate layered seafloors or seafloors with
variable resistance because of continuous power
expenditure during penetration

+
2.3.4 Penetration is controlled and can be monitored

Susceptible to cyclic load strength reduction when used in
taut moorings in loose sand, cvoarse silt seafloors

For critical moorings, soil engineering properties required

Anchor plate typically not recoverable

1.% : .
Special consideration needed for ordnance

*
I Anchor cable susceptable to abrasion/fatigue

*
t. Gun system not generally retrievable in deep water (>1,000 ft)

%
2,3,4 Surface vessel must maintain position during installation

T
2,3 Operation limited to sediment seafloors

*1.
*2.
*3,
*h.

Propellent-embedded anchor
Screv-in snchor
Vibrated-in anchor

Driven Aachor

Pile Anchor

High capacity (greater than 100,000 1b) achievable

Resists uplift as well as lateral loads permitting use with
short mooring line scopes

Anchor setting not required
Anchor dragging eliminated

*Short moorang line scopes permit use in areas of limited sea
ronm or where mimimum vessel excursions are required

Drilled and grouted piles especially suitadble for hard coral cr
rock seafloor

Does not protrude above seafloor

Driven piles cost competitive with other high capacity anchcrs
when driving equipment 1s available

Drilled and grouted piles 1ncur Yagh installation costs arnd
require special skills and installation equipment

wide range ot sizes and shapes are possible {(pipe, structural
shapes}

i Field modifications permit piles to be tailored to suit require-

i ments of particular applications

1

*Taut moorings may aggravate shyp response to waves (low
resilience)

“Taut lines and fittings must continually withstand high
stress levels

Costs increase rapidly in deeper water or exposed locations
where special installation vessels are required

Special equipment (pile extractor) required to retrieve or
refurbish the mooring

More extensive site data 1s required than for other anchor types

e

*True for any taut mocring.
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PLATE ANCHORS l
i
A. Plate Anchors - Summary of Types (Refer to Taylor et al. (1975)) !
Propellant-Embedded Anchor :
Gun ossembly :: croree
A S
:..: ~"~Reacton vesse! “i)) * ﬁ *J- . “
A. 1
Anghor~projectiie Pendant .
Flon Touchduwn Penetfrotion Keying Anchor esfablished :
uke l
Anchor essembly Current Developments !
Primarily U. S. Navy developed CEL 5
10k, 20k, 100k, SUPSALV 100k, 300k - “
Refers to normal long term capacity '
in soft seafloor. :
o 100k anchor commercially available i
4
Driven Anchor Menard Rotating Plate Anchor '
{?‘ WSS ""/2::‘%!;;&\_’”‘/ﬁ‘lé\“"“jé#‘gﬁi:%\“
b x , |
? ; ,?.;‘:g‘v:l /cﬁ" :
: :
I ,, |
ﬁ} L Finol
emplacement
@ @\\ position: =,
o LN i Seta

Navy Umbrella Pile
Anchor (curreat work
in U. K.)




Screw (Auger) Anchor

-One or more
helices screwed
into the ground
from surface or
at seafloor.

AN R

Jetted-In Anchors

- —
’
PRESSUALE YA]"

WATER — ——— -

R

AP IJECTION
POINT

’4—.— NOZZLE
PERIPHEAAL JETS

Hydropin Anchor (National
Eng. Lab. U.K,)

B. Plate Anchor Failure Definitions

4

-~ —

Deep Anchor Paitere

Vibrated Anchor

Anchor at base of long
slender shaft, vibrated
into the seafloor; plate

s "keyed" to operating
position.

SETTLED SAND
- WATER INLET .
st Afrr [} PULLING LoE
— ..

&7

LUG FOR BRIDLE

AbiD
WATER LUG FCA B304t

|NLE'
CEMENT
/T

suaw p o

//, //'
PLATE uuolsruuem
Y
BOLTED TO CL‘
ANCHOR -o-

Royal Dutch shell jetted
anchor (Netherlands)

C. Plate Anchor Design Loading Conditions

Short-Term Loading - An increasing load to failure such that

Static in fine-grained soils drainage does not occur.
Long-Term Loading - Uniform static load where full drainage
occurs.




Impulse Loading - Non-rhythmic loads > static capacity, < 10
seconds in duration - sands; < 10 minutes duration - clays.

Cyclic Loading - Repetitive loading with double amplitude
magnitude > 5% static capacity.

Earthquake Loading - Cyclic loading induced to the entire
soil mass by earthquake energy.

Dynamic

D. Plate Anchor Design Process (Refer to Beard, 1980)
1. Site Survey: Determination of hazardous/unusual condition,
soil property selection, soil type determination.
2. Determine Anchor Embedment Depth

a. Control embedded anchors (e.g., driven, jetted, vibrated,
screwed).
Depth = f/soil type, strength, plate, size, equipment
limitations.

b. Dynamically embedded anchors (propellant-embedded)

Cohesive soil
Calculate by method of True (1976)

Cohesionless soil - Penetration prediction schemes

are poor.
Calculated Penetrations for Estimated Penetrations for
CEL Clay Flukes CEL Sand Flukes
T e R
Anchor Penetration, m (ft) for -- Anchor Jenetrstion, m (ft) in -- t
So1l Type g R - — e [r - - 4
300K 100K 10K Anchor | Loose Medium Dens, !
T CoT I o 1 T ._‘744“ S:nd. Dens, ] Send 1
Soft basin soil 19.5 (64) | 15.9 (52) [10. 7.6 (29) ! Sand !
\ i ‘ —_— ) - + -
Distsl turbidite ‘\ CEL 10K ; < i
Prpoes 17,6 (ST) (13,1 (43) | 8. 5.8 (19) '» sajcoral fiuke | 18 (12 %) rean 1o3aan
i I
. ; CEL 20K ' \
l();::;; turbidite o w9 |1 9, a9 ' serd/ooral fluke ’ 5.2 (N 4.9 (16) 4.6 (15 !
| | . CEL 100K , !
Proxims) turbidste  112.5 (61) [10.1 (33) | 7. ) ssnd/coral fruke | 1042 TR eedn
i | :
i CEL 300K | , | 2 !
Calcareous ooze . - 9.2 (30) 8.2 (27) 1.6 (2%
Caecn vaters JREINNCE) | 18.3 (60) ' 11. (¢33} universal fiake | 00T - L T
|
! L Dy = s
l(.‘t;ur:c calcarecus coze 19.2 (63) |16 5 (561 10 (259 5‘ 30 degrees; Y 1,760 kg/m® (110 1bh/f13)
o . ¢ = 35 degrees; y, = 1,920 kg/w® (120 1b/ft3)
Co = . = i} 3
((2:.::;9) calcareous ooze 15.2 (50) 1 12.8 (42) 8. (19) & = 40 degrees; Y ® 2,080 kg/a' (130 1b/fe}
Siliceous ooze 26.1 (79) | 19.8 (65) 13, (30)
.
Tiosmc cley 2.7 (81) 207 (68) | 14, N
| i A
!
“’;:":;‘ clay ti9.2 63 15,9 52 1. (2
Rl o [~ o
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c. Anchor Keying

Plates embedded edgewise are "keyed" to assume horizontal
orientation.

CEL propellant anchors key according to:
Dp - 2L (L = fluke length)
= D - 1.5L
P

D(cohesive)
D(cohesionless)
3. Determine loading condition, calculate capacity.
a. Short-term static holding capacity (no drainage).

Shape factor
(Skempton, 1951)

F, = ‘é(c N.f£+y D Ngzﬁp.sa + 0.16 B/L)

After Vesic (1969)
with disturbance

correction factor
(£) by Valent (1978)

where F

Short-term holding capacity

3>
"

Projected fluke area

Soil cohesion

Disturbance correction factor

0.8 - terrigenous silty-clays, clayey-silts

0.7 - pelagic clays

0.25 - calcareous ooze (validity of this factor in doubt)
Buoyant unit weight of soil

Plate embedment depth

Plate width

= Plate length

e W O«
|

= Short-term holding capacity factor-cohesive soil

2z =y
2]
|

= Holding capacity factor for drained or frictional
condition

o

11
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Holdug Capac sy bocior &,

Relaime Kambrdment Depeh. /8

d A -

1 0 . ] o
Metstrve § mbedrnt Uepeh (078

Fst (Cohesive soil) - N =1
Neglect Y D Nq tefm

Fst (Cohesive so0il) = A (su ﬁc f) (0.84 + 0.16 B/L)
Fst (Cohesionless soil) ¢ = s, ° 0
Fst (Cohesionless soil) = A Y D Nq (0.84 + 0.16 B/L)

Short-Term Capacity Sloping Seafloors
Refer to Kulhawy et. al., (1978).

Short-Term Capacity Laterally Loaded Plates
Refer to Neely et. al., (1973).

- Plate anchor capacity is enhanced with lateral loading.
-~ For propellant anchors, keying distance is minimized.

b. Long-Term Static Holding Capacity (full drainage)

- Time to full drainage = f (permeability load, drainage
path, anchor size, shape, etc.)

Cohesionless soil - drainage almost immediate
F1t (cohesionless soil) = Fst

Cohesive soil - long-term capacity governed by drained strength
parameters: friction angle, ¢, and cohesion intercept c .

12




r—-————-—————-——-——-v — ,

; s = TN N
Flt (cohesive soil) Alc Nc + Yy D Nq)(O.SA + 0.16 B/L)

F1 = Long~term holding
t X
capacity

¢' = Soil cohesion
1 intercept

A, Y., B, L = Refer to short-term ;
1% 1 .
section

N = Holding capacity
factor drained/

] frictional condition
(Refer to short-term
N I section)

Heldng Capacuy Focror, N,

Reistme b mbedment Depeh 078

z
-

= Long-~term holding
capacity factor for
cohesive soil

Loose/soft seafloors -~ failure associated with relatively
large diiplacements; reduce c', ¢ by 1/3. c = 2/3c',

¢ = tan “(tan 2/3 ¢)

Creep rupture - cohesive soil - increasing rate of shear until
failure occurs (poorly understood phenomenon)

- Problem appears minimal for calcareous ooze, pelagic clay.
- F x S = 2 adequate to prevent creep rupture.
¢. Dynamic Holding Capacity

1) Impulse Loading - refer to Douglas (1978), or Beard
(1980), for details of prediction procedure.

- Consider only if large infrequent loads may be
unexpectedly applied to a plate anchor mooring.

- Can have a positive effect on anchor holding capa-
city for loads of up to:

® 500 sec duration - cohesive soil
e 10 sec duration - cohesionless soil

- For load durations < .01 sec impulse holding
capacity can be:

2-5 times short-term capacity for a normally
consolidated clay.

2-6 times short-term capacity for a mid-density
sand

- Impulse loads near or somewhat above Fst can be
tolerated.

13




2) Cyclic Loading - Refer to Beard (1980) for details
of cyclic capacity prediction scheme developed by
Herrmann (1980).

- Caused by wave induced forces and cable strumming.

:nnr——-—— ——

wob- k|

e b amphi e vt .
i cmpenen

- Cyclic loads < 5% static capacity of no concern,
therefore, cable strumming can be ignored.

- Cyclically loaded anchors designed to preclude failure
from liquefaction or cyclic creep.

Characterizéd by Accumulation of

strength loss and small movements

sudden anchor that rceduce anchor

instability depth until pull
out occurs.

Strength Loss During Cyclic Loading

The following procedure excludes soils such as uniform fine
sand, coarse silts, and some clean oozes which are susceptible to
true liquefaction failure. Use of plate anchors in these soils
under cyclic loading is not recommended at this time.

14
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Procedure

Determine t from the soil

sy, C A
permeability. el w
|
For the assumed sea conditions, % W "
determine the number of loading 37 | :
cycles during t. found from the EAwL
soils petmeabil1gy. Enter the ¥ t
figure below to find the loading !
bounds as a function of soil ‘
type. This table can also be ‘“t//
used directly to find the o
limiting number of cycles for .
a iven loadin . o 10! w? 10 . :’ . 10* . w’ R xfw" . |:'A'
8 & T s T s et et wt
Sl Pevmashary, e/ (fuisect
”- Noste - Cyclic Umits apply to anchon waeh -
- :..T::;:f::‘::dk‘ APPROXIMATE RELaTION BeTwees
! ) COEFFICIENT OF I'ERMEAHILITY
‘;‘% o axp Grax Size Rasge
[ St
’ ; ,o‘, Limits of Size at which .
4 sermeability Conflicient of permealuhity
1 ; 'Y Soil type | grain ;‘m-. ) |ix :':‘_::“'::i" ! ‘I )
1" 0. | mm ft yr
- e e b T L.
Gravel 4 . 100
1w | i i
o0 ) ) . ! 20 i .
10° 10! ! 10} 104 108 10° 10’ Sand ! 06 10¢
Number of Losding Cycles
0.06 0.06 102
Silt ) 1 0.008 |
i . . | o002 i
Cyclic Creep During Cyclic oy | L oom | e
Loading ' -
- Poorly understood phenomena y
that does occur in the
laboratory. |
- Number and magnitude of *
significant loading cycles
occuring during the life of w
an anchor control cyclic creep. i
- For cases where static load .
exceeds 20% static capacity, i
add portion above 20% to cyclic ie |
2
component and proceed. 8
I ‘b
I
Nt o8 4 miform Losding €y gies ’ I
15
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Maximum ground accelerations are a
function of earthquake magnitude
and distance from the quake epicenter.

If analysis of the site and its expected earthquake indicates a high
probability of soil liquefaction, the site is hazardous. Use of plate
anchors which are loaded a significant percentage of time should be

avoided.

3)

Earthquake Loading (Refer to Wilson, 1969)

- Cohesive soils not susceptible to significant
strength loss during earthquake loading.

- Granular soils can liquefy during earthquake
loading.

- Granular liquefaction is a function of soil rela-
tive density. Potential for liquefaction is
illustrated below.

wtar ? Peett e enste ot T Stands i Peacizae o Kesstan e hluws 910
-« o '3 I

R R QU S, S——
14 i \
Py ! v ‘

¥

Iy
3

Oepth i
8
——
3
i1
B -
—
5
3
2
.
emeh (1
8

1w a1
Hg i ﬂ,L:j J
R R | Relstive Densiry

(1) Maxumum ground sirface accrberaton « 19§ (b} Manmum grouna s face scschostion = 258 ]

Licuefaction potential profiles for
earthquake loading of granular soils
(from Seed and Idriss, 1971).

e

use +~ T \ T ™

048

oa0p

° " A s " X n
o MWW 60 B 100 120 jes  jen
Urstance tram Egvecmrer ums

Maximum acceleration associated
with earthquakes of various
magnitudes (from Seed et al., 1969),
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DRAG EMBEDMENT ANCHORS

Anchor Descriptions (Refer to
0gg, 1969; Valent et al., 1976)

1. Standard Drag Anchor

- Significant portion of
anchor capacity generated
by anchor wt.

rara

- Full embedment-rare.
- Develops peak capacity
with minimal drag.

Coow’

KEDGE TYPE

{a} STOCK {ADMIRALTY} ANCHOR

\CL-,""

{c) MUSHROOM ANCHTR -
REINFORCED CONCRETE

""" i T T Aversse tateral Losd
ey | werghe wer) Capacaty (1b)
Weight i Vel et
Anchor | MBS ) Leugth of Drag (ft)
Lo R _ 50 100 150
Wedge 10,580 6,000
sand 25,000 | 27,300 | 27,500
mud 9.300 11,900 11,700
Husiﬂoo‘ 10,500 6,000
14ad 21,300 | 23,000 | 21,600 {b) MUSKROOM ANCHOR (4) PEARL HARBOR CONCRETE ANCHOF
sud 9,100 | 10,000 13,300 s  Drag Anchors.
. § TAUNION
2. Standard Burial Anchor -
- Achieves most of capacity as ! raue [ ousser FLURE sT-rRENERS
. T :
a result of soil shear ] b swan
strength. LEx 3 = s
- Designed to improve their "F””! 1 ——— sracnie
capacity through dragging Tl N\ e
g MTENSION
to cause embedment to deeper, d

stronger soil.

- Most anchors in this category
fabricated according to rules o
of geometric similarity where

dimensions 175 proportional
to (weight)

Standard burial anchor per-

formance is idealized below.
a =shank angle

R
0 =line angle

crown ank
/ fluke
¢/

H R

3 = fluke angle

a. placed on seafloor b. flukes keying c- in densa/stiff seafloor d. in soft seafloor

into seafloor @400 to 15° @ =-200 1o - 45°

17
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/
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Idealized anchor remains stable and holds stably even though dragged
(achieves equilibrium).

Pick Type Burial Anchor

- Anchor designed to turn to
penetrating position even if
\ dropped on its side.

Cast Bruce Anchor

Twin-Shank Bruce Anchor,

Mud Type Burial Anchor

~ Permanent mooring
anchor.

- Designed to be control
lowered to seafloor.

- Designed for very
soft seafloors.

Doris Mud Anchor

18




- kips

boldlpg-power of anchor

180]

-
~N
>

601

Anchor Performance

1. General Behavior (Refer to Saurwalt, 1971, 1972a, 1972b, 1973,

1974a, 1974b)

Seafloor Type - [Performance as defined by broad seafloor categories.]

Mud or silt - Wide range in anchor performance; "mud" strength
varies considerably.
Sand - Performance reasonably consistent provided anchor penetrates;

dense sand can be difficult.

Clay - good holding capacity.

Coral - Function if anchors snag an outcrop, fall in crevice,

blasted in.
Rock - Unsatisfactory.

Layered (sand/clay/mud) ~ Performance erratic for high efficiency
anchors.

Roll Stability

"—'"\/

with stabilizers

4’/
without statahizers
o
anchor rotation - degrees froem horzerts)
0 ~0 1) 20 38 65 122 16R 1RO O=—p G s 3
1 L —1 I L .
20 40 60 B0 100 120

anchor iravel - feet

Performance of 13,000-1b Kavy anchor witn and without siabilizers

- Anchors improperly stabi-
lized will roll limiting
peak capacity.

- If an anchor rolls in a
mud or clay, the anchor
will come out with a "mud
clod" fixing the fluke
preventing re-embedment.

- Erratic/poor performance
can sometimes be corrected
by extending stabilizers.

SECTION A-A

STEEL PLATE

Navy anchor.
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~ Optimum angle for mud (=50°)
- Optimum angle for sand (30-35°)

200 1
we
1600 -
g 12 L
3 z
$ ; 120
i g -
Ll o
L o -
—d R i o T — .'40 F
wnd 0 100 200 30 400 500 -
Holdiag Capacity (kips:
Holding capacity vermm weght for STATO anchors st i 11\ ;lf i -L
varous mooring fine anghes Fluke Angle +deg
Teat results un an 18.000 pouad Stackiess Anchur wath
stabilizers i sand
Majority of decrease probably - Figure illustrates problem
attributed to reduction in chain with excessive fluke angle
capacity. in sand.

USE OF EXTETSIVE FLUKE ARGLY 1N S3KD

Mooring Line Type (Wire Versus Chain)

= Overall mooring capacity ~ similar assuming sufficient sediment
for complete burial.

- Anchor penetration in mud significantly less with chain mooring -
less sediment required.

- Anchor drag distance to peak load less with chain mooring - as
much as 50 versus 250 ft.

- Anchor stability requirements greater for wire than chain mooring.

20

Mooring Line Angle Fluke/Shank Angle
Effect of line angle on mooring ~ Figure shows significance of
performance can be significant. fluke angle on anchor performance.

Cha b s MM

Lan




Anchor Size

- Small anchors (<3,000 1b) often exhibit higher efficiencies (by as

much as a factor of 1-1/2 to 2) than anchors 10,000 to 30,000 1b,
- Manufacturers' claims of constant efficiency with siz
geometrically similar designs (dimensions ~ anchor wt
do not support this as a general rule.

Anchor Capacity.

2. Recent Anchor Performance Data (Refer to Taylor, 1980a, 1980b,

1980c¢)

STATO Anchor in Sand

Renins ndicate sensitmity
of anchor behavior to

—gf o
0 10 F ©
Anchor Drag Distance, ft
oA tandard stabulirers & T
I7° fuke angle e N 4o
8. 181 stabihzer extensiors o - -0 ﬁ ’
32° fiuke angle sop © g
~
C. . standard stabilizers B
X=X 320 fluxe angie i L a e be
totel deck load H Fex P - N
"'(Mmim’mmlmli €2/ o et
g T chan
—amem wchor l08d Only S ) . /p//o’ o influence
s 4 LN
e ¥ - ’ .
A #°
o!

Anchor Drag Distance, ft

Test results for 3000 b STATO with varun
maoditications - dens sand, San Diego

21
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STATO Anchor in Mud

- Graph shows trajectory of anchor embedment in soft mud (Puget
Sound).

- Extended stabilizers (about 30% increase) needed to maintain
stability (6,000 1b STATO with standard stabilizers rolled during
embedment ).

- Majority of load carried by chain.

e ——
0} P mootng -
ol ethewy n
torguern
INCILOe e o o * chaun diag o BoTton
© whtrscted 11 - dock tenmon |
F g 10 calutate et icrancy
a pd
F -
H
§or
——
. / - — nchor tatoner
< Hiciency - 105
Tersion at snchos
o /—’/"' |
e
0 ‘r/i_ ) S S S OO U S SR VU SR S
5 10 3 ) % % ) «© s 55 3 ® 3 0

Drag Dastarne &

9 5 0 11 € % X » 4 45 50 55 L4 [ e

° T T T T T T T T T
C=10+102
€ = undramed thear strength pat
L s % 1« depth 1121 |
0 i " Il L 1 1 1 1 " L Y(

Test No. 23
Anchor Type. Stato woth 18in. Fluke Angls: 80°, movabie
stabiizer extangions Anchor Weight: 3600 pounds.

/\
4
i

Stockless Anchor in Mud

A . O stockiess 0
wivtabitirery
wihxed tiukey

B - 9k stocklen
wintebilizess
wimoveable thikes

€ - Ok seockiens wincvesbiy
wlo etabulirers
wimovesbls flukes

= = = total deck load w

——— anchor load only "o—‘
g

-’E- _bh--0o --0--t4

::—_‘9':;3

Embedment Maoring
Depth to Crown Etfickncy
8.0 [X] of

ELL k1S ) % )

o>

3. Chain Capacity (Refer to Cole and Beck, 1964; and Taylor,
1980a, 1980b, 1980c)

- Chain efficiency varies considerably for "similar" soil types.
sand ~ efficiency of 1 to >3 depending on demsity
mud - efficiency of 0.4 to 1.1 depending on strength and
clay content.

22
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4. Tandem Anchors (Refer to Taylor, 1980a)

Option A - Shank to shackle technique; good tandem capacity; chain
should be lightly lashed to inbound anchor crown during
deployment.

Option B - Crown to shackle technique; slightly less efficient than
"A" but easier to install.

Option C - Ground ring to shackle technique; less efficient than "A"
or "B" - relatively easy to install in shallow water;
Anchor B installed first.

:\ > 1: - CAR O P1A0S OR WOVASLE MRST 98 $1X8D FLUNE
TN . T mememonssson e
MIGGING METHOD FOR TANDEM ANCHONS FOR ADEQUATE PERFORMANCE.
S. Options to Improve Poor Anchor Performance
Problem Possible Reason Solution
Poor mud performance - Flukes not tripping - Increase size of
tripping palms
~ Weld flukes in
open position
- Anchor unstable - Increase stabilizer
length/add
stabilizers
- Unknown -~ Add chain
- Use backup anchor
Poor sand performance ~ Flukes not penetrating - Check fluke angle;

reduce if > 30-32°
- Sharpen flukes

~ Anchor unstable - Extend stabilizers
- Add stabilizers

Unknown - Add chain
- Use backup anchor

23




Methods to Determine Drag Embedment Anchor Capacity
1. Method of Cole and Beck (1964)
- Verfied procedures relating anchor capacity to soil engineering

properties not available.

- Available procedure dated to Leahy and Farrin (1955} is reasounable
provided anchor test data available

Anchor capacity relates to anchor wt as follows:

F=cw"®
a
Where F = Short-term holding capacity (1bs)
wa = Anchor wt in air (1lbs)
C,b = Empirical soil constants, dimensionless

- Relationship plots as a
straight line on log-log
plot, C is the intercept,
b is the slope.

500,000

- Results valid for that
anchor, mooring line type,
soil type.

g
8

§

OPTIONAL-PROCEDURE

- Perform single test, use
b = 0.75 to calculate C.

§

ANCNOR HOLDING POWER - \B

- Extent of extrapolation of
this procedure questionable.

- Theoretical limit for b is
2/3, where steel stress is 100
controlling factor. Refer to
Valent et al., 1979.

- Use verified manufacturer
data to calculate C for
b - 0.75.

2, Prototype Data

- Refer to manufacturers for data; data often based on small
anchor tests at unlimited drag (request details of tests).

- Data valid for specific test conditions; anchor performance
very sensitive to conditions (use data with caution for other
conditions).

3. Full-Scale Pull Test

- Most accurate/costly.
24
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DEADWEIGHT ANCHORS

A. Anchor Types

Vary from: sophisticated (concrete/steel anchors with cutting

edges) to engine blocks, concrete clumps, etc.

Added capacity from sophiscation must be balanced against cost.

{a) Sinker (b) Squat clump (¢) Rairosd rails or {d) Concrete slab with
scrap iron shear keys
® cficient uplifc o low averturaing ¢ low bulk, high © high lateral capacity
® casy to handle © more area con- weight ® scour control
tacting soil ® low cost
() Mushtoom (g) Wedge (h) Slanted skirt (i) High lateral capacity,
free fall
© shallow burial « shallow burial o deeper bunal « free fall instaliscion
® low overturning ® uni-dircctional « high lateral capacity

® unidirectional

Several variations on the basic deadweight anchor.

B. Design Procedures

1. Simple Form (anchors w/o
shear keys)

Idealized deadweight !
resists lateral load
component by static

(e) Open frame with
welghtcd corners

» high lateral capacity

® reduced lowenng line
dynamic tensions

* shatlow bural

()) Free fall
(DELCO)

s free fall installation
» efficient uplift

- i
friction; vertical load -9 \
resisted by portion of s
anchor wt. - -
8 i/, ) /I//-/ \\
Net normal force, R , i 1 ' "1
. n -
contributes to lateral load \

resistance, Rl’ according to:

Pundamentsl Concept of Desdweght Anchor

Rl =¥ Rn

Where p is the coefficient of friction between anchor block and

seafloor; |4 varies w/seafloor type/strength,

25




a. Cohesionless Seafloor

Coefficients of Friction Between Cohesionless Soils snd
Some Marine Construction Materials (Vsleat, 1979)

- Trapped water dissi-

. Internal Surface Friction Coefficient for --
pates tapld!y' H up Seil F:"'?“‘“ Smooth | Rough | Smooth | Rough | Smooth
to 0-8 pOSSI-ble (¢ Coefticient Steel Steel | Concrete | Concrete | PVC
= 0). g1 =
tizgai,b:!ll:sizrfz:;- g"‘:;" 0.67 0.27 |0.60 0.60 0.69 0.33
trols. g:::“““ 0.67 0.20 [ 0.63| o.63 0.66 0.20
~ Friction coeffi- Oolitic 0.79 0.23 lo.s6 | o.s8 0.7« | 0.26
cient dependent on Foram 0.64 0.40 {0.66 | o0.67 -- 0.40
surface smoothness, [S®i
anchor material,
sand type. <
b. Cohesive Seafloor 1
P (immediate) can be < 0.1 (attributed to thin film
trapped water between anchor and seafloor). 1
p (short term - normally consolidated seafloor) can be 3
0.15-0.2
R. ~ Rn where 5.7 Anchor bearing capacity
1 .7 ' Anchor-soil shear resistance

Value (5.7) assumes adhesion between anchor base and soil equals
soil undrained shear strength. .

M (long term) - up to 0.7 for @, . . = 35°

¢ (short term - over consolidated seafloor) depends upon soil
strength, anchor roughness.

c. Effect of Sloping

Seafloor

- Low initial p
can cause in-
stability on
sloping sea- wl . i,
floors.

- Deadweights on
slopes ~ 10° o} e e
have slid under o ens
own weight. i

- Avoid use on 02
sloping sea-
floors. .

- Sloping clay
seafloors o \\\\\—L
likely over o , N

consolidated; * ’ " o )

down slop creep deabred Horiomal ey Capecry R f Denbweght Anchoe
. ona s refloor
possible. -

e et it . e




2. Detailed Procedure - (Refer to Valent, et al 1979)
Used when peak deadweight lateral capacity is desired.

a. Considerations

Bearing Capacity

- Not considered problem when resultant normal soil
reaction lies within middle one-third of anchor base.

Vertical Load

- Resisted directly by a portion of the submerged anchor
wt.; wt in excess of that required to develop lateral
capacity.

- Discount suction effect.

Horizontal Load

- Components composing
horizontal load

resistance F
—_—
3
MNW\_‘

-— 4 «— ‘//

-~
5 - 2

[ e—

1. shear along anchor base
2. shear along base of passive wedge
at anchor front
3. uplift (weight) of passive wedge
Items can be neglected 4. shear along anchor sides
5. suction at rear of anchor

Calculated capacities assume displacement only to mobilize base
shear (< 10% anchor width; capacity will typically increase with drag)
and assumes no auxiliary embedment means (jetting).

—— —-

T e
5 ;
- N, H
7 e e T N S I
& : S s
I TR BT B T R AN T
" N

Desdwenght Anchor with Curring Fdges.
Nove M <Ry« Ry

- Deadweight capacity enhanced by roughened surface or
addition of skirts.

- Skirts in cohesive soil move sliding surface to deeper,
stronger soil; optimum length ~ 0.1B




- Skirts in cohesionless soil - marginal increase in
capacity; optimum length ~ 0.05 B; interior skirts not
needed; exterior skirt helps reduce scour and under-
cutting.

Overturning - Anchor must be designed to prevent overturning.
Anchor center of mass should be low; mooring
attachment points should be low.

- Stabilizing moment > overturning moment

Cyclic Loading

- Effect depends on magnitude of cyclic component relative
to the quasi-static load as well as the absolute load
level.

- "Porous" deadweight may be less susceptible to mooring
line transmitted cyclic loads because drainage path is
shortened (pore pressure dissipation occurs more rapidly).

- Refer to section on plate anchor design for added details;
also, see Foss, et al, (1978).

Other Design Considerations

- Scour, slumping, wave induced instabilities of the
seabed, earthquakes, wave forces om anchors.

- Degree of attention to these depends on location, water
depth, soil type, soil degree of consolidation, seafloor

] slope.

b. Anchor Design -~ Cohesionless Soil

- Anchor designed to realize lateral capacity (Rl)
according to:

- 2
= - -50
R1 (W Fv) tan (¢-5°) + 1/2 Kp Yy 2 B
where: W = submerged anchor wt (F); I-‘v = uplift force (F);
3 = effective angle of internal friction (degrees);
Kp = coefficient of lateral earth pressure.

c. Anchor Design Cohesive Soil
= Anchor designed to yield lateral capacity (Rl) according to:

R1 = L A+ 2 5,2 2 B




Rt i it B i

R O S

""'--g-‘-g---u-u.-u--!-!'u-I-.!lII-'IllI-l..Il.l."lI--l-lllllll!!'-ﬂiiﬂiﬂlnlﬂr’

P —— o T

§ where Suz = soil undrained shear strength at depth z (F/L2?)
S,a - average soil strength between surface and z (F/L2)
: A = anchor base area

= anchor or shear key penetration into seafloor (L)

= anchor base dimension (L)
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Cohesionless Seafloor:

Deadweight Anchor Design Procedure

DEADWEIGHT ANCHOR DESIGN PROCEDURES

Cohesive Seafloor:

Deadweight Anchor Design Procedure

Step Iten Equation Step Itea Equation
» Loads Fh' Fv (given) a Loads Fh' Fv
b Soil Yy Y (given) b Sail L sl, Y, versus z
c Weight (in water) required Fy c Anchor width: 2
to resist sliding F—————+ F Fh
tan(e - 5°) without shesr keys B = —
uo
4 Anchor vidth (wmin):
6VF . ith shear keys® R, = B3s_ +0.2s )
with shear keys B = [—F3 —= with shear keys 1 'uz ' ’u.
y’(w -F,-03 !‘h)
d Shear keys'
1/3 200 &
6 W F uz
. R R - T pusber, n n = +1
without shear keys B {ys(bl - Fv)} s .ty B
e Shear key-‘ - B 40 L +y B 1/2
200(W ~ F ) tan(¢-3°) thickness, t R ;
number I N I . b
K y, B
P b 2
weight per shear key, Hk Hk = 0.1 Yy B” t
1/2
J
Y, B 2
thickness t = (.042 3 B s
b embedment force for one qQ =9s tB+ sy
e uz 58 k
shear key, 4. t
weight v, = 005y 8%t
3 Submerged weight
embedment force for one Y 52 a) te ae u .
shear key % = i [20 ¢ Nq + B tan($ - 5°)] resist overturning.
(a) for H = 0.2 B,
f Maximum pull height W= 1.2F +F
B(W - F) 2z =0.18
with or without Hll 2 T EF s
shear keys b (b) for H minimized, W o= 0.6 lfh M rv
=6.18 6F,
SAssumes shear key penetration = 0.05 B. L -5 3
s
Coefficients of Psssive Lateral Earth Pressure, Kg.
on Deadvesght Shear Xey (after Tschebotarioff, 1862) “© -
T e ey e 2 1 {c) for H minimized, v = F,
_— o (f:uh__ 1 K“_-,__, ] :; " z, = ] ' - 6 }‘h
0 1.56 B BA Yy
2.3 1.7 E Submerged weight (continued)
15 1.98 L
1.5 2.25 ‘ (2) to embed shear keys:
f
20 2.59 ) 1 » 9 =
2 306 (s) omni-directions! anchor 200 q,
% 678 (b) uni-directionsl anchor W = ogq
3 6.88 n €
0 10.38 o where
—= ~4
'Au-uou: 8. shear key wall is vertical FURTED S G W S | 2
b. soil surface is horizontal P A L 5 B l“. v
. il = cohesive, 20 Regle 1t e g e sdonee > e grr =958 t ‘-
o vogle ot van frteteen Y8 = 0.5 e - i A uz 5§, k

Bearmgcapucity acins for shaliow footag

*Assumes cutting edge penetration = 0.1 B, anchor square in plan.

LIST OF SYMBOLS

Submerged unit weight of

’h' ’v Horizontal and vertical ll Anchor lsteral load Yy
load components resistance shear key
s Soil undrained shear " Soil undrained shear Yy Buoyant unit weight of
strength strength at depth 2z deadweight
8, Soil sensivity Yua Average soil strength ¢ Effective angle of
between aurface and z internal friction
Yy Submerged unit weight of
soil z Anchor shear key w Submerged weight of the
penetration into seaflcor anchor
| 3 Anchor width
‘b Allowable steel stress K Coefticient of iaterai
LW Undrained shear strength L4 earth pressure
at sestloor surface Z Shear key height
s n Coetficient of passive
30 1 lateral earth pressuse
— ittt
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PILE ANCHORS

Operation
/ﬁvaftzjd /Je: /.;.‘1:

Definition. Pile anchors \\ v

achieve holding capacity by

mobilizing shear strength of

surrounding seafloor material.

Bearing pressure and/or skin

friction/adhesion are used to

achieve capacity.
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Cost. High installation costs e 5y fifia
usually dictate pile anchor use

as last resort.
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Construction. Basic steel
shapes usually modified to act
as anchor piles.

Installation. By driving, often in partially predrilled holes; in
hard strata, by grouting in fully predrilled holes. Screw-in pile
anchor (considered under plate anchors) [Refer to Chellis, 1961,

Havers and Stubbs, 1971, for detailed discussions of pile systems.]

Pile Types/Methods to Improve Performance

1. Mooring Line Connection

Surface attachment - Inspection and maintenance possible
- Swivel/U-joint desirable to reduce
connection torsion (Ref Doris, 1977).

Subsurface attachment - Inspection not practical

Applicable to unidirectional loading

- Enhances pile lateral load resistance;
pile bending stress reduced

- Changes direction of pile load; higher
vertical, less lateral load.

2. Pile Head Burial

- Places pile in deeper-stronger soil

- Used for offshore moorings when drillship is available for
drilling and grouting

-~ Load at pile can be reduced significantly, by mooring line
resistance (see drag anchor section)

- In sand, pile anchors buried few ft to allow for scour.

3. Near Surface Fins/Collars

- Used to limit pilehead deflection/bending moment
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4.

1.

Built-up Sections

- Fabricated to produce section modulus to resist high bending

forces/limit bending

- Sections symmetrical or asymmetrical depending on loading

directions.

Variations of the Basic Pile Anchor

@ ®
-
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/4"7 oma’- dreclional wide ﬁhf& &Il//?j momey] ///z
lood A ay/l/ dreciions!
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chay bridle % 4 Aetven dets , .
Gombonad i fow /,/: wad drivey below /,”; o e fead
ochmen? porn7 Seofloor § decrecse 7 nereose foTera!
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C. Installation (Refer to Chellis, 1961, 1962, and 1979; Compton, 1977)

Driving

Most piles in soil/soft rock installed by driving

Many hammer types easily modified for use to 80 ft

Pile hammers developed for underwater operation by Raymond
(1979), and Hydroblock (1979), (Hydroblock to 1,600 ft)
Can use follower in shallow water

Deep water - refer to Anon 1979 for discussion of a self
stabilizing "puppet" system for pile installation.

Drivability

Best method for evaluation of pile drivability/hammer effi-
ciency is the wave equation. Refer to Smith (1962).
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3. Drilling and Grouting

- Used when predicted driving resistance exceeds hammer capacity

- Typically used in hard coral, rock

- Recommended for use in calcareous sands and soft silt where
developed frictional capacities are low.

Pile Installation Methods

o SOmmer
— — e 7 L
4

{
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e R 4t /JI 'ﬂf’_

| d L A 1]

! prle “

l grod

(@) Drivin | ) - -

j (é/ Z)l‘/A/ﬂj aWJ y/aa,,77

Flle  vpstollalion mafhods.

- Grouted piles can be
underreamed to greatly
increase vertical
capacity.

- Underreams of more than - -
5m dia have been con- [ TN T e TS
structed @ 40m depth in (1~ =
the North Sea.

. . \\\‘,/’ S - /I/
D. Pile Capacity - T~

1. Lateral and uplift
force at the anchor

- Forces on buried
pile are altered cé,m_,p
A . %
in magnitude and
direction.

a. Simplified

£

. Y %
Analysis e VA
%

- Assumes no
friction e agchor
along buried (3) Defstop of” Torms
chain




- Results in over estimation of Fv and under estimation
of Fh by up to 25%.

Sand
F = z 2 N
cb c db Yb q
Soil Friction
db = characteristic chain _
or wire diameter (for Angle N
chain use 3 x chain size) 1
. 20 3
Clay 25 5
30 8
F = 11 s z 35 12
cb u db c 40 22
5, = so0il undrained shear

strength
Force components at the anchor given by:

F, = P

h - Fc

h b

Fv = P- - Fh

b. Refined Analysis
- Refer to Reese 1973 and Gault and Cox 1974.

2. Lateral Pile Capacity

- Depends on soil strength, stiffness, load type, pile
dimensions and stiffness
- Rigid and long (semi-rigid) pile analyses are possible

Rigid Pile Analysis. Assumes soil failure occurs as an infinitely
rigid pile rotates about a point on its length.

Procedure is very conservative; results in pile with minimum deflec-
tion at head; can be used for preliminary pile selection for long
pile analysis, (Refer to Czerniak 1957).

Long Pile Analysis

- Many procedures avajilable (Refer to Gill 1970, Matlock 1970,
Reese 1974, Broms 1964)

- Procedures are labor intensive; generally have been computerized

- Procedures rely on a pile/soil interaction analysis where pile/
soil deflection characteristics are needed

- Procedures rely on establishment of load-deflection (P-Y)
curves for soil, typically based on test experience.

3. Pile Axial Capacity

Capacity treated as function of shear along the pile/soil inter-
face. Both cohesive and cohesionless soils can be treated as
frictional materials.
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a. Cohesive Soil

Refer to semi-

empirical method

of Vijayvergiya ¢
and Focht (1972).

Pile frictional or
resistance (R )
expressed as
function of e
mean undrained
shear strength
(s ) and mean
eftective over-
burden stress
(on) over pile
length.

JﬂL

()

“o b

Flle FlenalraTon (ff)

R, = Ao + 2sm)As af

A = empirical
coefficient éor
(below); A
= Jateral
area of em- 7e
bedded pile
(use area of Friional cqpec?y coalfied?, A,
enclosed rec- verses ple peselral.on
clay.

A Method Simplification

- Above equation is rearranged to simplify process. Ra/As = fm =
average, pile side friction

- Iterative selection process required; Determine axial capacity
then increase length if needed.
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Cohesionless Soil

Unit skin friction f1 at any depth is f

Ko tan &

Assume K (coefficient of lateral earth pressure)

= effective overburden pressure

g
6 = angle of friction between pile and soil

(assume §

¢ -5°)

- Pile capacity Ra = f A

- Average skin friction has been found to peak at pile embedment

~ 20 diameter.

~ Recommended value of f, for long piles compiled from Ehlers (9717),

Angemeer (1975).
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Keoomraended Ghin Pooction Vol oot
I .
i N \ Chronax
; Soil . Installation ies } e ;
; ! ps. [32¥)
[ B U U SR O SO ol S
T
| Sand ;dxxven or dr:liled oif prouted NERS ooy 6
! I ot S . =
(letv sand i‘dnven or drilled ane rovted -7 LI T 81
| Sandy silt idr:ven or dr:lled ani grouted o= G.5 R t,
y ‘ ’ ’ .
Silt ldriven or dralled and groutes | 025 1. 0.4 7 4b
{ Calcareous sand drilied and grouted P e=3 .y 1l % Bl
' } draiven ) 0.5 1.7 | 12
B B S Y

“Depends on installation techn:ue: may be as iow as ! kPa {0.5 psi).

Anchor Pile Loading

- Effects of combined axial and lateral loading are poorly understood,
currently treated separately.

- Repetitive loading can cause large increase in lateral pile deflec-
tion. Methods to dampen/avoid repetitive loading should be consid-
ered for piles in loose sand/soft silt seafloors.

- Chellis (1969), suggests "a rough assumption" coefficient of
horizontal subgrade reaction for soils of high relative density
might be reduced by 1/2, for soils of low relative density -
reduced to 1/4 initial value (data provided for plate anchors
may be useful as a guide in evaluating effects of repetitive
loading).

- Effects of repetitive loading on vertical piles are speculative,
(research projects underway in United Kingdom and Norway).
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