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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 

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 

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from published and unpublished reports by the Foundation Engineering 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 

A. Site Survey Requirements 

- Requirements differ according to: 

Anchor type [Pile, Deadweight, Drag, Embedment] 
Loading condition [Static, Dynamic] 
Soil type [Sand (cohesionless), Clay (cohesive) ] 
Mooring use [Manned, Unmanned] 

Minimum Recommended Site Survey Requirements 

Required Site Information* 

Anchor Type 
Non-Critical Mooring Critical Mooring 

Deadweight General seafloor type Seafloor type, depth of sedi- 
(mud, clay, sand, ment, areal variability, esti- 
rock). mate of soil cohesion, fric- 

tion angle, scour potential. 

Drag Embedment Seafloor type. Seafloor type and strength, 
(approximate) depth to rock, 
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 
able info. for dynamic analysis. 

Pile Anchor Sediment type, Engineering soil properties to 
depth of sediment. full embedment depth 
o Use estimated (soil strength, sensitivity, 
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. 
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B. Sediment Property Determination 

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

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 

Ibe Terrigenous Sediment Properties 

- Assume all continental shelves and slopes are terrigenous. 
- Typically complex and varied sediment type particularly, 

near-shore, glaciated areas, high current areas. 
- Refer to National Ocean Survey charts to determine whether 

sand or mud (cohesive). 

Sand 
S,-3t05 

S,* 2103 

If nearshore and a "grab" 
sample is available for grain point tae nt 

size determination, safe values eet rere 
12m ma whickncs) alternaning with 

of $ and y, are: a 
© of sand = 33 - 40 deg 

Jp = S60 hg’ at Om wo 
B80 kg/m? at om 

sigan * | rata G 

Sandy silt 880 (55) g : 

Silty sand 880 (55) g 5 
Uniform sand 880 (55) ye 3 

Well-graded sand 960 (60) i 3 

For-locations classed as on eeen 
Abyssal Plains properties for 1 ePa = a.4s bia? 

turbidites are appropriate. 

Proxinal ~< 30 miles from shore 

Distal ~> 30 miles from shore 

o s 10 

4, o=) 

Typical strength profile - turbidites. 
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Mud 
If sediment is mud (cohesive) 
this provides a lower bound for 
a normally consolidated 

sediment. 

If site is near river mouth, 
Miss., Nile, Amazon, etc., mud 
probably underconsolidated 
(Young - not yet in equilibrium 
with wt overlying soil, may be 
limited strength buildup with 
depth. Consult an expert for 
design advice. 

Much of the nearshore is 
-overconsolidated (greater past 
overburden than presently exist- 
ing) usually a desirable anchor- 
ing situation. Locations (e.g., 
glaciated areas, high current 
areas, tops of rises, passages). 

Unsually strong overconsoli- 
dated sediment could lead to 

less conservative design (long- 

term loading). 

Sobbottom Depth (ft) 

Note: Hemipelagic and terrigenous 
material is highly variable. Range 
of values gwen for turbidites will 
apply to most of the stronger soils 
(sand Layers of even beds are common). 

Occesionally weaker (possibly moch 
weaker) profiles may be found near 
ective river deltas, 

This curve is bused on tesns of 
about 20 cores ranging to 10m 
in length from the Santa 
Barbara Channel. Data to 

typical soft greater wbbottom depths are 
ban material from triaxial text extrapolation 

S,= 21804 

Subbortom Depth (m) 0-37 deg 

cole kPa 

p+ 320 kg/m? at Om 10 640 kg/en? at 30 m 

1 kg/m? = 0.062 bit 
dme 3.28 ft 
1 kPa = 0.145 b/ia.? 

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 
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If above the CCD - sediment probably calcareous. 
If below the CCD - sediment probably pelagic clay. 

Note: Curves for coarse ooze are 

from tests 00 three cores to 10m 

from the Biske Platesu. Curve for 

fine core i baved on ursts of 12 

10-m cores from the Equatorial 

Note: Curves based on vane shear 
testing of 15 10-m piston cores 
from the North Pecifc. Data at 
greater subbortom depths trom 

Subbottom Depth (f1) 

Pacific. Data to greater depths 
are based on trigxial best extra 
polation 

Maxial test extrapolanon 

1 kg/m? = 0.062 thvtt? 
Imes 3.28 ft 

kPa = 0145 bia? 

Subbottom Depth (m) 
(water depth 
Jens than 3,000 m) Subbottom Depth (fe) 

typical abywsa) hill 

Province pelagic clay 
S,= $7 (upper 15 {0) 

= 3-5 (below) 

o 33 deg 
ca 3.3 kPa 

Jp 7 320 kg/m? ar 0m 
v0 640 kg/m? at 30 m 

0°37 deg 
cook 

1 kg/m? = 0.062 AT 
den = 3.2K fc 
1kPs = 0.145 fe? 

4p + 480 kg/m? at Om 
wo 720 kg/m? at 30m 

Typical profiles - calcareous ooze. Typical profile - pelagic clay. 

La (kPa) 

If location is classed as 

siliceous ooze Se einen te ae 
a ea | from the Equatorial Pacific. 

Data at greater subbottom depths 

from triaxial test fabrication. 

Whenever possible consult experts 
at a nearby oceanographic institu- ae 
tion for property data. gee ure are 

10640 kghm? at 30m 

Subbottom Depth ({1) 

& 

Subbottom Depth (m) 

1 kg/m? = 0.062 bit? 
m= 3.28 {t 
1 kPa = 0.145 fin? 

100 
1 2 F) ‘ 

5, (pm) 

Typical profile - siliceous ooze. 

Subbotiom Depth (m) 
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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 

Examples of Hazardous/Unusual Seafloor Conditions 

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

e 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. 

e Deep ocean siliceaous ooze (>30% biogenic and siliceous). 

e Clean calcareous coze (>60% biogenic and calcareous). 

e Sensivity >6 in a cohesive soil. 

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

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

e Thin sediment layer above rock. 

e Layered seafloors - soft sediment over stiff/dense sediment or vice 
versa. 
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3. 

GENERAL FEATURES OF VARIOUS ANCHORS 

Deadweight Anchor 

Large vertical reaction component, permitting shorter mooring 

line scope ‘ 

No setting distance 

Reliable holding force, because most holding force due to 

anchor mass 

Simple, on-site constructions feasible, tailored to task 

Size limited only by load-handling equipment 

Economical; weighting material readily available 

Reliable on thin sediment cover over rock 

Mooring line connection easy to inspect and service 

Good energy absorber when used in conjunction with 

"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 

Lateral load resistance low compared to other anchor types 

Usable water depth reduced; deadweight can be undesirable 

obstruction 
ei atacchsisntiticstat na Sen 

Plate Anchor 

High capacity (greater than 100,000 lb) achievable 

Resists uplift as well as lateral loads enabling short scope 

moorings 

Anchor dragging eliminated 

Higher holding capacity to weight ratio than any other type 

of anchor 

Handling is simplified due to relatively light weight 

* 
te Anchors can function on moderate slopes and in lithified 

seafloors 

* 
Me 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* A 
Can accomodate layered seafloors or seafloors with 
variable resistance because of continuous power 

expenditure during penetration 

2,3,4% F 7 : 
pet? Penetration is controlled and can be monitored 

Susceptible to cyclic load strength reduction when used in 

taut moorings in loose sand, coarse silt seafloors 

For critical moorings, soil engineering properties required 

Anchor plate typically not recoverable 

1.* a ? F 
Special consideration needed for ordnance 

* 
Me Anchor cable susceptable to abrasion/fatigue 

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

2,3,4* 

ie 

Surface vessel must maintain position during installation 

273% Operation limited to sediment seafloors 

Propellant-embedded anchor 

Screw-in anchor 

Vibrated-in anchor 

Lo 
Driven Anchor 

Drag Embedment Anchor 

Broad range of anchor types and sizes available 

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

Standard off the shelf equipment 

Broad use experience 

Can provide continuous resistance even though maximum capacity 
exceeded 

Anchor is 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. 

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 mooring line scopes permit use in areas of limited sea 
room or where minimum vessel excursions are required 

Drilled and grouted piles especially suitable for hard coral or 
rock seafloor 

Does not protrude above seafloor 

Driven piles cost competitive with other high capacity anchors 
when driving equipment is available 

Drilled and grouted piles incur high installation costs and 
require special skills and installation equipment 

Wide range of sizes and shapes are possible (pipe, structural. 

shapes) 

Field modifications permit piles to be tailored to suit require- 
ments of particular applications 

*Taut moorings may aggravate ship 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 is required than for other anchor types 

*True for any taut mooring. 
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PLATE ANCHORS 

Plate Anchors - Summary of Types (Refer to Taylor et al. (1975)) 

Propellant-Embedded Anchor 

aA ys 

Touchdown Penetration Keying Anchor estoblished 

Anchor assembly Current Developments 

Primarily U. S. Navy developed CEL 
10k, 20k, 100k, SUPSALV 100k, 300k - 
Refers to normal long term capacity 
in soft seafloor. 

e 100k anchor commercially available 

Driven Anchor Menard Rotating Plate Anchor 

Ee ee ' 1, Mud Wine” ne = 

kai 
NS ETF = VASO ES Vi The RN 

pte ot 

‘ z Re 
: Driving 113 

Le aaBhe mandrel 1! i 
of tee 
i tiie 
i ue 
i rd Vit 

os 5: h NB3 Ve 

ip J. Finol 1 ‘ 
; 6 emplocement 

~\ position: — 
AK o Y ) h ! t 

» 
Opening In-service oad Position after Enlorged perspective 
position position puli-out test 

Navy Umbrella Pile 
Anchor (current work 
in U. K.) 
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Screw Screw (Auger) Anchor er) Anchor Vibrated Anchor 

-One or more Anchor at base of long 
helices screwed slender shaft, vibrated 
into the ground into the seafloor; plate 
from surface or is "keyed" to operating 
at seafloor. position. 

Auger pin anchor. SETTLED SAND 

WATER INLET 

Jetted-In Anchors 
SEABED _ ORAS LINE 

LUG FOR BRIDLE WITT 5 
7 VLLTTLE 

, BAC STORBED 

PRESSUR:ZEU 
WATER 

AIP. INJECTION 
POINT 

Sh Say Gj api yj PLATE 
i BOLTED TO 

ANCHOR 

Royal Dutch shell jetted 
anchor (Netherlands) PERIPHERAL JETS 

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

B. Plate Anchor Failure Definitions 

“S55 —— 

Deep Anchor Failore 

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. 
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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. 

Pe 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 

ene goox | rook | 20x | mx | — 
Sand™ 

Soft basin soil 19.5 (64) | 15.9 (52) | 10.7 (35) 

CEL 10K 
sand/coral fluke 

CEL 20K 
sand/coral fluke 

CEL 100K 
sand/coral fluke 

CEL 300K 
universal fluke 

Distal turbidite Gay 3.8 (12.5) 3.4 (11) 3.1 (10) 17.4 (57) | 13.1 (43) | 8.2 (27) | 5.8 (19) 

Distal turbidite 5.2 (17) 4.9 (16) 4.6 (15) 
(high) 14.9 (49) | 11.9 (39) | 7.9 (26) | 5.8 (19) 

i 7.0 (2 6.4 (2 
Proximal turbidite 12.5 (41) | 10.1 (33) 7.0 (23) |} 5.2 (17) TO (ES) (23) (@1) 

Calcareous ooze 
(deep water) 

9.2 (30) 8.2 (27) 7.6 (25) 
22 «(72) | 18.3 (60) | 11.9 (39) | 8.2 (27) 

"o = 30 degrees; y, = 1,760 kg/m? (110 1b/ft>) 

Po = 35 degrees; y, = 1,920 kg/m> (120 1b/ft3) 
“ = 40 degrees; Y_ = 2,080 kg/m? (130 1b/£t?) 

Course calcareous ooze 
(low) 19.2 (63) | 16.5 (54) | 10.7 (35) } 7.6 (25) 

Course calcareous ooze 
(high) 15.2 (50) | 12.8 (42) | 8.2 (27)|] 5.8 (19) 

Siliceous ooze 24.1 (79) | 19.8 (65) | 13.1 (43) | 9.2 (30) 

Pelagic clay 
(low) 24.7 (81) (68) (47) 

Pelagic clay 

(high) 
19.2 (63) (52) (37) 

10 



Of cesta nerer2 < ome 

-eyalo ~ gokewiuh aetuazm OF > sake 
. ohns Fieve aidvoh ttw guiban : 

vaig 

esisne aa au basobat athe 

(oBer bread 3 . 

Scmihiye ixte stele yee i 

(babbedus-tnallagorq) enodynd’ te 

t 

{Ov@l) seut 2o)% 

acmuiss editotberg soktexiokss =) 0 

40% and biavtnast Aagnmi sed 
a * 

aovgis baee i 

a eS a ee ee): nT ee ath mer peyyhawn ppemumnldnenmagie slays 

; + 42 jad) « enhaen mine ssitad t 
 canoetememmeaalinaudads ine otons a ory ie 

pana autbet ; tien weasel i : 

\ nen Staak , said | e 
be pte coe Sree Wea i bart 3 

ion) 1.4 tty > ah a2 aol af 1) 
Matt: Ivianhees yi ‘ 

i no itty oh 8 esc a 6) 9 Fr £9 Senor iba” oP Ree ad dusty 7g RL H. 40). Card Ash 

(at day eb) & Woy MR) : | ; | iageatdetataed visconti teas) oo: Pa! $1 RRR a RAY Bat 
© 4.4 to) 4.8 (ary. $.¢ : me a yy iB i 

tga teat 54 618) pei iets ub Gh ey cy ae? 
I m ao aes y ae ea I ; ; 

Merk sh "Aa Fi . * ve . 4 ’ 1 a eth OF ¥ ey tK0 i ti) they gat é —— 

iW yoet yt seeripa Ae | : { 

Seve (es) fy dee, ¢ © es 4 } th 
Wee IRR We See iT FMRanen Oe 4 oth) eae lay a fo adi +) en 

sth 
ye oy ist eur! gay ee on 

‘ 

t eta A ilas hinalied 

herr : | rey 

iy 0) Paty Pt 4. OY. 
* 1 

Sabtabad pa Hi, 

Of 



Ge Anchor Keying 

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

CEL propellant anchors key according to: 

D, - 2L (L = fluke length) 

D. - 1.5L 
1) 

” (eoineatsse) 

” Cacoationticas) 

3. Determine loading condition, calculate capacity. 

a. Short-term static holding capacity (no drainage). 

Shape factor 
(Skempton, 1951) 

s '* , i 

Be = A(c No f + % D Noe. 84 + 0.16 B/L) 

After Vesic (1969) 
with disturbance 

correction factor 

(£) by Valent (1978) 

where F = Short-term holding capacity 

> 
| 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) 

y Buoyant unit weight of soil 

D = Plate embedment depth 

B Plate width 

L = Plate length 

N. = Short-term holding capacity factor-cohesive soil 

N = Holding capacity factor for drained or frictional 

condition 

11 
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Molding Capachy Factor, Ni. 

4q 

Holding Capacity Factor, f 

F. (Cohesive soil) - Nowa. 4 
Neglect Yb D aa te 

F_, (Cohesive soil) = A (s,, N. £) (0.84 + 0.16 B/L) 

Fat (Cohesionless soil) c = sR 0 

Be (Cohesionless soil) = A Vp D N, (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 

Fit 
Cohesive soil - long-term capacity governed by drained strength 

parameters: friction angle, 9, and cohesion intercept c . 

—_ (cohesionless soil) = Fit 

12 



(t\a ar.0 # 88)B) a Ri 

go = e 

(td ald + 98,0) 

7 

goitbaol Tazoset doiw basnaihien ad 
-besimigte at sanedeih gabysd 

(oganterb Lia%), yrtsaqed | 

egecterb: ,baol yailidpsmreqs & .* 
(.o¢8 ,ogeda ,oate sodoae diag 

“talhemmr Jeonto 

sae r 
djgssite beotesh yd bentsvog yiroaqua Oe 

9 JIqseotesnt zolesdos baa, , siges ao 

) 

Of 



Holding Capacity Factor, Fiz 

1 
F ‘ (cohesive soil) = A(e'N! + Yb D N) (0.84 + 0.16 B/L) 

Fi = Long-term holding 
t q 

capacity 

c = Soil cohesion 

intercept 

A B, L = Refer to short-term Up) AAI : 
section 

N = Holding capacity 
factor drained/ 

frictional condition 

(Refer to short-term 
section) 

Ne = Long-term holding 
capacity factor for 
cohesive soil 

Loose/soft seafloors - failure associated with relatively 

large displacements; retake” GY 5G piv 1/Sio CS B//Sie", 
¢ = tan “(tan 2/3 $6) 

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

- Problem appears minimal for calcareous ooze, pelagic clay. 
- Fx S = 2 adequate to prevent creep rupture. 

c. 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: 

e 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 Fit can be 
tolerated. 

13 
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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. 

re 3: 
is double amplitude cyclic 
Bz 50 lead component 
ce 
SS 

2 

- 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. 

Ne eee ee 

Accumulation of 

small movements 

Characterized by 
strength loss and 

that reduce anchor 

depth untii pull 
out occurs. 

sudden anchor 

instability 

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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(% of static capacity) 

Double Amplitude Cyclic Loud 

Procedure 

Determine te from the soil 

permeability. 

For the assumed sea conditions, 
determine the number of loading 
cycles during t_, found from the 
soils aerner pei fey. Enter ‘the 

figure below to find the loading 
bounds as a function of soil 
type. This table can also be 
used directly to find the 
limiting number of cycles for 
a given loading. 

pala : =o ' c ep oes 

90> Note - Cyclic limits apply to anchors with = + 
| an average quasi-static load of bess 

sot than 33% of matic capacity. 4 
| 

70} 

60 

1 

40 

207 

i 20+ 

10} 

o—__— aE = na = 
102 103 10¢ 105 108 107 

Number of Losding Cycles 

Cyclic Creep During Cyclic 

Loading 

- Poorly understood phenomena 
that does occur in the 

laboratory. 
- Number and magnitude of 

significant loading cycles 
occuring during the life of 
an anchor control cyclic creep. 

- For cases where static load 
exceeds 20% static capacity, 
add portion above 20% to cyclic 
component and proceed. 

15 

Time Required for Dissipation, 

6 107 10% 10? 
Oo 10 = 
ao) ao%) aos) ao% = a0) ao) a) 

Soil Permenbility, em/eec (fthsec) 
acl, aol) 

AprxoximaTeE RELATION BETWEEN 
CorFFIcIENT OF PERMEABILITY 

aANp Grain SizE Rance 

| Size at which 
permeability 
is measured, 

mm 

Limits of mits Cocflicient of permeability 
grain size, Soil type 

4 

0.6 

0.06 

0.008 

Double Amplitude Cyclic Load 

( of static capacity) 

Note - Curves give upper limits that 
apply to anchors with a quasrstatic 
load of from 0 to 20% of static capacity. 

103 10* 105 10° 10? 
Number of Uniform Loading Cycles 



a pth tp nap ead? OH! \, XX 4 ] 
fat ‘, ph iy, ’ 

~ %, , 
, eh 

i a 2. ao an i , ay . 
“— na he eat rama on roo * ia 

hh exer 8 id i F 

rpaewdl ppvverell walter fie! 

Vs aes Torey? 
woe it ak dian) ans 

sinter teen aN Sst: amas nati dja 
Ce 

cubis We toad | nptatdentres te aleonkl Pee 
te 3 eee orem et ¥ 

a 3 men a 3 nto j me 
ava nie brs | nan hia L 
ee oes neuen wid owe warned ‘slg i 

wy 7 ‘ ‘ q 1? eee oc 
} i 

; «2 eer 

Fhe y ; “i a oy : rae, 

> ! ae : wit ‘ ee 1 hedlunte ; 

i Hs , ma A t sah j 
j 

i ee ee ee 
7 

i ro! ; woe : ye? 
- — on a yamine dnaitbenippesiglitons 4 co 

- eye Oe me my 4 acieees ‘ BS rote SIO aRRR Baker} arenes ea 
OO Ai i790 aooh 

, f | 1a iin Bake Su: ali te 

j | 

i/ ” ‘ - pnt nia aa a 

i ly Ene? 4OOoie | 
#] ‘+e | . Meat anand 

| 4 Pte it 5 ise atggse WS abesd 
. i/ Pal 7 ni Paton aa ROS ‘avude migestonte de 

ae. ‘tie Ae tay ‘Soren bara Gane 

- oe ‘ 

” CAPA reel wry > cee 
— " a om rately He 

~~ 
} 

ery j Mi why 
4 wi 

ron v + 

{ 

~ 



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. 

Standard Penetration Resstance (blows/f1) Standard Penetration Resistance blows/fr) 

Depth (1) 

(a) Maximum ground surface acceleration « .15g (&) Maximum ground surface scecicration = .25¢ 

Liquefaction potential profiles for 

earthquake loading of granular soils 

(from Seed and Idriss, 1971). 

Maximum ground accelerations are a 
function of earthquake magnitude 
and distance from the quake epicenter. 

ximum Acceleration - g 
Ma 

0 
0 20 Ba) 60 80 100 120 140 160 

Distance from Epicenter (km) 

Maximum acceleration associated 

with earthquakes of various 

magnitudes (from Seed et al., 1969). 

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. 

16 
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DRAG EMBEDMENT ANCHORS 

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

We Standard Drag Anchor 

Significant portion of 
anchor capacity generated 
by anchor wt. 

- Full embedment-rare. 
- Develops peak capacity 

with minimal drag. (a) STOCK (ADMIRALTY) ANCHOR 
KEDGE TYPE 

Average Lateral Load 
: Capacity (1b) 

Weight (Air) | Weight (Wet) 

10,580 

27,300 | 27,500 
11,900 | 11,700 

Mushroom 

ae 
{b) MUSHROOM ANCHOR 

mud 

2 Standard Burial Anchor 

- Achieves most of capacity as 
a result of soil shear 
strength. 

- Designed to improve their 

capacity through dragging 
to cause embedment to deeper, 
stronger soil. 

- Most anchors in this category 
fabricated according to rules -aoceve_\*toctmeent 
of geometric similarity where 
dimensions 478 proportional 

to (weight) 

Standard burial anchor per- 
formance is idealized below. 

B = fluke angle ll 
= shank angle + 

6 =line angle 

Sa) Lgl a i. 3 

& ———- ee 77%. e > ail = : <) 

<6 i 
eG 

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

into seafloor G+ 0° to 15° @ =- 20° to - 45° 

17 

(c) MUSHROOM ANCHOR - 

REINFORCED CONCRETE 

(4) PEARL KARBOR CONCRETE ANCHOR 

Standard Drag Anchors. 

34° FOR SAND BOTTOM OPERATION 

60° FOR MUD BOTTOM OPERATION 

a 
STATO Mooring Anchor 
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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 
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B. Anchor Performance 

Ie 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 

- 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. 

with stabilizers 

without stabilizers 

Eo - Erratic/poor performance 
can sometimes be corrected 

anchor rotation - degrees from horizontal by extending stabilizers . 
o--0 11 20 36 65 122 168 180 0-—0 CG 9 1h : holding-powor of anchor - kips 

0 20 40 60 80 100 120 

anchor travel - feet 
Performance of 18,000-1b Kavy anchor witn and without stabilizers 

SECTION A-A 

STEEL PLATE 

\% PIE 
SECTION 

Navy anchor. 
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Anchor Weight (kips) 

mod 0 
sand 

Mooring Line Angle 

Effect of line angle on mooring 
performance can be significant. 

100 

200 300 
Holding Capacity (kips) 

Holding capacity versus weight for STATO anchors st 
various mooring line angies. 

Majority of decrease probably 
attributed to reduction in chain 
capacity. 

Fluke/Shank Angle 

Figure shows significance of 

fluke angle on anchor performance. 

Optimum angle for mud (=50°) 
Optimum angle for sand (30-35°) 

24 

Holding Capacity (kips) 

S 

v 20 30 “u 50 

Fluke Angle (deg) 

Test results on an 18.000 pound Stockless Anchor with 
stabilizers in sand 

- Figure illustrates problem 
with excessive fluke angle 
in sand. 

USE OF EXCESSIVE FLUKE ANGLE Ih SAND 

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 
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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 size based on 
geometrically similar designs (dimensions ~ anchor wt '~). Data 
do not support this as a general rule. Refer to section on 
Anchor Capacity. 

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

STATO Anchor in Sand 

Rotation Angle (deg) 

Standard stabilizers 
37° fluke angle 

B. rc 18-in. stabilizer extensions 
3? tuke angle 

oXo 

C _, standard stabilizers 
XK 3° tiuke angie 

total deck loed 
~~ {anchor load + chain load) 

—— mchor losd only Load (kips) 

20 

Anchor Drag Distance, ft 

Test resuits for 3000 Ib STATO with various 
modifications - dense sand, Sen Diego. 
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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 Ib STATO with standard stabilizers rolled during 

embedment ). 

- Majority of load carried by chain. 

mooring 
efticiency = Zi° 

tension on deck 
{includes chain and anchor load) * chain dra on botton 

subtracted from deck tension 

to calculate efficiency. 

Tension, kips anchor (alone) 
efficiency = 10.5 

tension at anchor 

C=16+ 102 
C= undrained shear strength (psf) 

Olstance Below Mudiine, ft 

Test No. 23 
Anchor Type: Stato with 18-in. Fiuke Angie: 50°, movable 

stabilizer extensions Anchor Weight: 3500 pounds 

Stockless Anchor in Mud 

Sinekless/Anchorinl nud 

A - 9k stockless 
w/stabilizers 
wAlixed flukes 

R i Hy | 
Load (kips) 

Se 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 density 

mud - efficiency of 0.4 to 1.1 depending on strength and 
clay content. ; 
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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. 

GA. CAN BE FIXED OR MOVABLE 
FLUKED ANCHOR. IF STOCKLESS 

Se TYPE, FIXED if REQUIRED FOR 
PEAK PERFORMANCE. 

QUST BE FIXED FLUKE 

AMCHOR . 

RIGGING METHOD FOR TANDEM ANCHORS FOR ADEQUATE PERFORMANCE. 

Sc 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 
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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 reasonable 
provided anchor test data available 

Anchor capacity relates to anchor wt as follows: 

pS © i P 
a 

Where F = Short-term holding capacity (lbs) 

we = Anchor wt in air (lbs) 

C,b = Empirical soil constants, dimensionless 

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

- Results valid for that 
anchor, mooring line type, 

soil type. 

OPTIONAL- PROCEDURE 

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

ANCHOR HOLDING POWER - LB 
- Extent of extrapolation of 

this procedure questionable. 

- Theoretical limit for b is 
2/3, where steel stress is yo 1000 10, 

controlling factor. Refer to SRCICR ENCHU 
Valent et al., 1979. 

- Use verified manufacturer 

data to calculate C for 

b - 0.75. 

30,000 

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). 

Sr Full-Scale Pull Test 

- Most accurate/costly. 
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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 (c) Railroad rails or (d) Concrete slab with (e) Open frame with 

scrap iron shear keys weighted corners 

e efficient uplift e low overturning e low bulk, high e high lateral capacity e high lateral capacity 
© casy to handle © more area con- weight scour control e reduced lowering line 

tacting soil ¢ low cost dynamic tensions 
e shallow burial 

(f) Mushroom (g) Wedge (h) Slanted skirt (i) High lateral capacity, () Free fall 
free fall (DELCO) 

e shallow burial e shallow burial e deeper burial e free fall installation e free fall installation 

¢ low overturning e unidirectional e high lateral capacity ¢ efficient uplift 
¢ uni-directional 

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 
friction; vertical load 
resisted by portion of 
anchor wt. 

Net normal force, Rw» 

contributes to lateral load 

resistance, R,, according to: 

Pundamental Concept of Deadweight Anchor. 

ES) me aa 

Where wy is the coefficient of friction between anchor block and 
seafloor; varies w/seafloor type/strength. 

25 
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a. Cohesionless Seafloor 
Coefficients of Friction Between Cohesionless Soils and 

Some Marine Construction Materials (Valent, 1979) 

Internal Surface Friction Coefficient for -- 

arene Smooth | Rough | Smooth Rough Smooth 
Steel | Steel | Concrete | Concrete | PVC 

eae : 0.27 |0.60 | 0.60 0.69 | 0.33 

- Trapped water dissi- 

pates rapidly. w up 
to 0.8 possible (@ 

= 38°); simple fric- 
tional behavior con- 

trols. eae 
- Friction coeffi- gehts 

cient dependent on Foran 

surface smoothness, [S=*Silt 

anchor material, 

sand type. 

b. Cohesive Seafloor 

H (immediate) can be < 0.1 (attributed to thin film 
trapped water between anchor and seafloor). 

HW (short term - normally consolidated seafloor) can be 

0.15-0.2 

R Ae enere Bey es Anchor bearing capacity 

1 Sey ; Anchor-soil shear resistance 

Value (5.7) assumes adhesion between anchor base and soil equals 

soil undrained shear strength. 

H (long term) - up to 0.7 for $4 .ineq = 35° 
H (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- 
floors. 

- Deadweights on 
slopes ~ 10° os 
have slid under 

own weight. z 
- Avoid use on a2 

sloping sea- 
floors. 

- Sloping clay 

seafloors 

likely over | 

consolidated; Ain 

down s lop creep Idealized Horizontal Holding Capacity Ratio for Deadweight Anchor 

possible. Seana 

Fh 

04 

Fhe H (cos 8)? -sin B cos B 
w 

O1 

o 3 0 1s 20 25 

26 



ime a “ apna ait basins pono + 

wht® att) oF batidtusta) 1.07% ae | 
'daeoltsea bas rodsre eek: 

’ ( oh 

ante Io 493% a 
ahaa,” 

y enotas work 

ae Hie tia ae 

" pa Sa 
- ; Pal 

ae 

Gdies Oya nates va 

a 
1 oe 

of 

at 

a 

Y 

PP 

A 4 

en See en et ee eee ee tere Coen oe 
t x w 

sae lh} e Bed. Ga LAs 

ache AANALANE ey ate eee ee | F Qaaes mia mvob 

posed ait ) WE e204 



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 

1. shear along anchor base 
2. shear along base of passive wedge 

‘at anchor front 
3. uplift (weight) of passive wedge 
4. shear along anchor sides 
5. suction at rear of anchor 

Items can be neglected 

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). 

K 

: LN “a 

H Zacie 1 TR as 
USSU UAE 5) ECU 

ote i ae ta Bese < Be pS. LE SO" ; 
YRC Se 8 CS ee Hk a gst Ne Bee 

< i 

Rm s be 

Deadweight Anchor with Cutting Edges. 
(Note: Ry Ry + Rp) 

- 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 

27 
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- 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 on 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 (R,) 
according to: 

2 = = h-5° R, = (W F) tan ($-5°) + 1/2 iS Vp 25 B 

where: W = submerged anchor wt (F); F, = uplift force (F); 

@ = effective angle of internal friction (degrees); 

= coefficient of lateral earth pressure. 

c. Anchor Design Cohesive Soil 

- Anchor designed to yield lateral capacity (R,) according to: 

R = s A+2s zB 
1 uz ua 
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soil undrained shear strength at depth z (F/L*) 

average soil strength between surface and z (F/L?) 

anchor base area 

anchor or shear key penetration into seafloor (L) 

anchor base dimension (L) 
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DEADWEIGHT ANCHOR DESIGN PROCEDURES 

mless Seafloor: Deadweight Anchor Design Procedure Cohesive Seafloor: Deadweight Anchor Design Procedure 

Item Equation Step Item Equation 

Loads Fy FL (given) a Loads Fi FY 

Soil Yy $ (given) b Soil By Si» Y, versus z 

Weight (in water) required Fr, c Anchor width: 2 
to resist sliding w =——>_+F i WY 

tan(¢@ - 5°) without shear keys B= = 
uo 

Anchor width (min): 

ONE ie ith shear keys® Ry = Ba 0.2 with shear keys Sd —————————— with shear keys 5 es (s+ 0. Oo?) 
y.W-F -0.3F) 
s v h 

d Shear keys 
1/3 200 s 

6 WF. 
E h number, n n= +1 

without shear keys B | 405 + % B 

Shear keys” _ B 405 + Yb B 1/2 
200(W - F_) tan(9-5°) thickness, t eS Sat f number DS eee reat : b 

K_ y, B 
pb 2 

weight per shear key, W W= Oly Bt 
k k k 1/2 

3 
¥, B 

2 thickness t = 0.042 ¢ Bs 
b embedment force for one © qa=9s tBt ue. W 

e uz 55S k 
shear key, a, t 

weight Ww, = 0.05 ¥, Bet 
e Submerged weight 

2 
embedment force for one ¥, B . Pee 
shone bos a, = be [20 t oe + B tan(@ - 5°)] (1) to resist overturning: 

(a) for H = 0.2 B, 
Maximum pull height W = 1.2 i + F 

B(W - F) aoe 0.18 
with or without x, Sa ae 

ERE HEE iE (b) for H minimized, we ee FB as 

z= 0.18 Gen 
& shear key penetration = 0.05 B. s a io BAY 

= 8 
feients of Passive Lsteral Earth Pressure, K , 
Miveight Shear Key” (after Tschebotarioff, 1962) (c) for H minimized, F 

z 2 v 

E 2. =0 ways 6 F 
s 8 qo h 

z BAY, 

E Submerged weight (continued) 

é (2) to embed shear keys: 

(a) omni-directional anchor We= 20 a. 

(b) uni-directional anchor W =n q. 

where ; 

umptions: a. shear key wal] is vertical 2 
b. soil surface is horizontal o 5 to 38 2 2 YO 3S 5 one B ena " 

c. li “cohesive, © =O _ Be ool shearing reuntance & ecgrecs =9s =o 
4. angle of vall friction,“ = 0.56 aaa cae te uz 3S. k 

Bearing capacity factors for shallow footings 

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

LIST OF SYMBOLS 

Fy Fr Horizontal and vertical R, Anchor lateral load Y Submerged unit weight of 
load components resistance shear key 

s Soil undreined shear 8 Soil undrained shear Y Buoyant unit weight of 
¥ strength uz strength at depth z 8 deadweight 

Ss. Soil sensivity Sua Average soil strength ¢ Effective angle of 
between surface and z internei friction 

% Submerged unit weight of 

soil z Anchor shear key Ww Submerged weight of the 
penetration into seafloor anchor 

B Anchor width 

f Allowable steel stress K Coefficient of lateral 
a4 Undrained shear strength P earth pressure 

at seafloor surface Z. Shear key height 

AG Coefficient of passive 

30 lateral earth pressure 
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PILE ANCHORS 

Operation 

Tring Ipe forse 

Definition. Pile anchors \ we 

achieve holding capacity by 
mobilizing shear strength of 
surrounding seafloor material. 

Bearing pressure and/or skin 
friction/adhesion are used to 

achieve capacity. 

faleral cory POCSEMTE 

Cost. High installation costs ship focjton 

usually dictate pile anchor use 
as last resort. 

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. 

De 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. 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 

(4) (e) 

ca (Sw 

Vis pile. A fay qlochrsen? decreases 

or onmn- directional wide flange. bendin mogay a pie 

Cis 3 for en yey 7 

(e) 
ES 
Siero! corty 

(res$ure. 
geng 09 chow 

7 cf C Me 

ae ee, how pile beed driven below ts Is at pile ead 

Sieben 7 pomT seofloor jp decrease 1b mereose lateral 
en! per bending momen? 7 pile beoring TED 

C. Installation (Refer to Chellis, 1961, 1962, and 1979; Compton, 1977) 

1. 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. 

De Drivability 

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

- Used when predicted driving resistance exceeds hammer capacity 
- Typicaliy used in hard coral, rock 
- Recommended for use in calcareous sands and soft silt where 

developed frictional capacities are low. 

Pile Installation Methods 

~ pile y 

groul 

(@) Driving (b) Drilling and groiling 

File. mstollatoq meftods. 

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

- Underreams of more than 

5m dia have been con- 

structed @ 40m depth in 
the North Sea. 

D. Pile Capacity 

he Lateral and uplift 
force at the anchor 

- Forces on buried 
pile are altered 
in magnitude and 
direction. 

a. Simplified 
Analysis 

- Assumes no 
friction 

along buried (4) Debaitiog of Terms 
chain 
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- Results in over estimation of F_ and under estimation 
Vv 

of F, by up to 25%. 
h 

Sand 

F = Zz = N 
cb c a Yp q 

Soil Friction 
qd = characteristic chain a 

or wire diameter (for Angle N 
chain use 3 x chain size) q 

20 3 
Clay 25 5 

30 8 
F = lls z 35 12 
cb u qd, c 40 22 

sy = soil undrained shear 

strength 

Force components at the anchor given by: 

DW, 2 1 OF 
c h h b 

Fe = Bes Fi 

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 available (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. 

Sr 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 AS (a Fe VA 
resistance (R_) 
expressed as 
function of 

mean undrained 

shear strength 
(s_) and mean 
eftective over- 

burden stress 

(o_) over pile 
length. Pile Fenetraliog (CH 

R, = A(o + 2s JA, 

A = empirical 
coefficient 

(below); A 
= lateral 

area of en- 

bedded pile 

(use area of Frichoqal cepecity coehbreed7, a ) 

enclosed rec- versus pile penelralion 

tangle for (Aer Vijaywergiya end Foctl, 1972), 
"H" pile in 
clay. 

A Method Simplification 

- Above equation is rearranged to simplify process. R/AS = fn = 

average, pile side friction 
- Iterative selection process required; Determine axial capacity 

then increase length if needed. 
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b. Cohesionless Soil 

Unit skin friction fy at any depth is f = Ko tan 6 

Assume K (coefficient of lateral earth pressure) = 0.5 

o = effective overburden pressure 

6 = angle of friction between pile and soil 
(assume 6 = @ -5°) 

- Pile capacity R, = f A, 

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

~ 20 diameter. 
- Recommended value ef £, for long piles compiled from Ehlers (1977), 

Angemeer (1975). 
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Recommended Skin Friction Values for Sand 

; 6 : imax 
| Soil Installation idee) leds eae 

| | | | 

Sand driven or drilled and grouted o-5 0-5 13-9 96 

Silty sand driven or drilled and grouted | g-5 16.5 | Roe | 81 

Sandy silt driven or drilled and grouted | 0-5 10.5 9.7 | 67 

Silt driven or drilled and grouted | 0-5 |0.5 | 6.9 | us 

Calcareous sand drilled and grouted o | 0.5 | 

driven (0) }0.5 

*Depends on installation technique; may be as low as 3 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). 

39 



; Werwoag Miby, Oat fink’ 44 asétaht } 
i é-$ | Beseang han Sal ah Ve wevirh 

ta . ely g) 24 t Sosuayg bee SeeSEth 9a auedah 7 
oe | B.a) 7 dod], te tesa fina bebhiay 59) oe i 
Zt i He Hel m4 | bescagg New ba llrsd 
Fe Direc, eel te i pth 
(ban 8.0) ety Cas wal ae si tae jmwphmdons ao surlaoiid ay = set 

i 

saibeot sts 

phoospzaban, Vixoog 3x8 stheal, es ‘pte eine bouaaea te | 
Yistexeqes badesi3 eh 

nooftsh ofiq Isretsl ni sasersat agual aie neo guibeol ovises 
=hisaoo 9d bluode goibapl avitizaysy beove\arqneh of bodied. 

vatoolisss tffe Stee bane sacol uh ealig’ 738 

%o tnsinittsos Nnotiqneets Uguox «” etaeggue , (Qd@5) abl 
ysieneb-svisaloy dgid to 2lkog ga} woisosox abaigdus Lage 

~ Yireneb svisefsx wolf to efkoe ro ,S\t vd bssvbey ed 
ezodoan a76fq sat bsbivorg s2pb) éofev fetainr Xf ot ba . 
SVitissqs2 So Satis anlivewievs ok sbigg 8 28 Lviesy ad pov 

-Canibecd | 
sovizaluooqs ssa aeliq Ieattzsy no antbeel sviiiiegey ia) ‘aso 

(YewroH bas mpbgibil patgnl nt yawsebau stoeforg wanes 

RE 



ACKNOWLEDGMENTS 

Published and unpublished NCEL reports on anchors and soils provide 

the basis for this summary report. The contributions of Phil Valent, 

Mike Atturio, Rick Beard, and Homa Lee of the Foundation Engineering 

Division at NCEL are acknowledged. 

40 



sbivoud alioeg bie dicdons ao qdou04 1200 't 2g 

,inetaY L2d4 16 anotteditgaes AT yl r08 
“golvesatgnl fot tabaust wt io sel smol 

; eis 

3 

area 

Oa 



REFERENCES 

Angemeer, J. et al. (1975). "Pile load tests in calcareous soils con- 
ducted in 400 feet of water from a semi-submersible exploration rig," in 
1975 Offshore Technology Preprints, Houston, Tex., May 1975, p. 664. 

Anon (1979). "Unsupported underwater pile driving: The soil-independent 
system," Petroleum Engineer International, Mar 1979, pp 10-15. 

Beard, R. M. (1980). Holding capacity of plate anchors, Civil Engineering 
Laboratory, Technical Report R-882. Port Hueneme, Calif., Oct 1980. 

Broms, B. B. (1964). "Lateral resistance of piles in cohesionless 
soils," Proceedings ASCE I, Soil Mechanics and Foundation Engineering, 
vol 90, SM3, 1964. 

Chellis, R. D. (1961). Pile foundations. New York, N.Y., McGraw-Hill 
Book Company, Inc., 1961. 

Chellis, R. D. (1962). "Chapter 7. Pile foundations," in Foundation 
Engineering, G. A. Leonards, editor. New York, N.Y., McGraw-Hill Book 
Company, Inc., 1962, pp 633-768. 

Chellis, R. D. (1979). Handbook of ocean and underwater engineering. 

New York, N.Y., McGraw-Hill Book Company, Inc., 1969, pp 8-56 to 8-98. 

Cole, M. W., and R. W. Beck (1969). "Small anchor tests to predict full 
scale holding power," Society of Petroleum Engineers, SPE 2637, 1969. 

Compton, G. R., Jr. (1977). "Selecting pile installation equipment," 
paper presented at the Associated Pile and Fitting Corp. Piletalk Seminar, 
San Francisco, Calif., 1977, 13 p. 

Czerniak, E. (1957). "Resistance to overturning of single, short piles," 
Journal of the Structural Division, ASCE, vol 83, no. ST2, Mar 1957, 
pp 1-25. 

Douglas, B. J. (1978). Effects of rapid loading rates on the holding 
capacity of direct embedment anchors, Civil Engineering Laboratory, PO 

No. M-R450. Port Hueneme, Calif., Oct 1978. 

Ehlers, C. J., and E. J. Ulrich, Jr. (1977). "Design criteria for 
grouted piles in sand," in 1977 Offshore Technology Conference Preprints, 
Houston, Tex., May 1977, p. 480. 

Foss, I., R. Dahlberg, and T. Kvalstad (1978). "Design of foundations 
of gravity structures against failure in cyclic loading," 10th Annual 
Offshore Technology Conference, Houston, Tex., May 8-11, 1978. (Paper 
No. OTC 3114) 

41 



30 oT (exer galt per tos egoH prep tee 

jasbesgsbar- Ttoe od? :guiviab alin 2odaws obaw boo q 
ref-OL qq QVRE eam fasodseeeaal ts9n0k: 

golrsenigna fete ,azotoas.. ajaig re efioaden Pete) 
Bel 290 RELeD ,*msiswl trot .f382- a axOGaR 13) au 

zesinoissdos oi aslig to apeedoLaur terstet” (uaeey 
sgurzssalged aoktebavo’ brs a2tandonl hi0k FE sce agakt 

Li si-waxdot ,..¥.M da0¥ wel ey obi 

nokisbasot ai "short abavo? siya, 7 saved” 
dood Lfit-wardoM ,.¥.0 ,dvoY well, .wosthe , abdeabal JA. 8 ’ 

re BNt-6e8 a « S08. eu 
mt ig i ae i" : . 

-gnizsnaigna xssawrsbay bas asase tn dooddnAll fever) a . 
-8Q-8 oF S¢~8 qq ,C30l ,.o0% \ynaqmed soot iLiit-wesdotf it ti ¥ 

{fut ssibexq ot. etess sodone Liaw" (ener) daat .W 8 bate ee 
Vee , TESS We petodai god muslegset Yo yreiooe ", towog sania 

", snsaqtups dokSeiletent afkq gabroas ag" ACSRRL). xk lk. * vi 
-teal@ad Aletatis i Sne3tii bos, Sitt bosaeaaged add te hia 4 | 

9 Gt ,TVOl” 2htad) 90Bk: 

"justtg d2eda ,slgats to gatoradueye as wonetaresn", (Veer 4 x an 
/VEOL zat £72 .o0 ,€8 fow 9024 ,nolaivill {erudooese alt Yo Tag 

gothiod pdt ac yates gobbsol biuea 36 etvettX | AATOL) aa ‘a « lg 
OF ,~vtessiodsl sqirsenten® Lived i avoieas tnambadms “sastih to tear 

»BVOE 390 tried ,sneneue add it 

302 sits2i29 ‘og leat! CVVOE> veh .dokaty a i bak , a : 
,-S3atiqetd s2ansistis) ygofoa isan sradetio VTer at " bikes ot sti rv. 

O86 sa eA SOE yon «Rady 

anossabauo’s to ageeot’ (Over) Sasaleved .T bas asad ined ee 
founds Perr (S000! aifoyo af weulrel tantags aetotouste yak 

toon) BY 2] Tt-8 “ell ,.xaT ,Rodadol , sorsyvataed yaolontosT 

AALKE OF 

Lye 



Gault, J. A., and W. R. Cox (1974). "Method for predicting geometry and 
load distribution in an anchor chain from a single point mooring buoy to 

a buried anchorage," in Preprints, Sixth Annual Offshore Technology 
Conference, Houston, Tex., pp 309-318. 

Gill, H. L., and K. R. Demars (1970). Displacement of laterally loaded 
structures in nonlinearly responsive soil, Naval Civil Engineering 
Laboratory, Technical Report R-670. Port Hueneme, Calif., Apr 1970. 

Havers, J. A., and F. W. Stubbs, Jr. (1971). Handbook of heavy con- 
struction. New York, N.Y., McGraw-Hill Book Company, Inc., 1971, pp 27-1 
to 27-50. 

Herrmann, H. G. (1980). Design procedures for embedment anchors subjected 
to dynamic loading conditions, Civil Engineering Laboratory, Technical 
Report R-___. Port Hueneme, Calif. (to be published) 

Hydroblok (1979). Brochure, Hydroblok Technical Data, Hollandsche Beton 
Maatschappij bv, P. O. Box 82, 2280 AB Rijswijk, The Netherlands, Apr 
79/5000. 

Kulhawy, R. H., D. A. Sangrey, and S. P. Clemence (1978). Direct embed- 
ment anchors on sloping seafloors state-of-the-art, Civil Engineering 
Laboratory, PO No. M-R510. Port Hueneme, Calif., Oct 1978. 

Leahy, W. H., and I. M. Farrin (1935). ‘Determining anchor holding 
power from model tests," SNAME (London), vol 43, 1935. 

Lee, H. J., and J. E. Clausner (1979). Seafloor soil sampling and 
geotechnical parameter determination - Handbook, Civil Engineering 
Laboratory, Technical Report R-873. Port Hueneme, Calif., Aug 1979. 

Matlock, H. (1970). "Correlations for design of laterally loaded piles 
in soft clay," Preprint, Offshore Technology Conference, Houston, Tex., 

1970. (OTC paper 1204, vol I, pp 544-595) 

Neely, W. J. (1973). "Failure loads of vertical anchor plates in sand," 
Journal of the Soil Mechanics and Foundations Division, SM9, Sep 1973, 
pp 669-685. 

Ogg, R. D. (1969). Handbook of ocean and underwater engineering. New 
York, N.Y., McGraw-Hill Book Company, Inc., 1969, pp 4-70 to 4-74. 

Raymond (1979). Brochure, "Two new underwater piledriving hammers," 

Raymond International, Inc., Houston, Tex., 1979. 

Reese, L. C., W. R. Cox, and B. R. Grubbs (1974). "Analysis of laterally 
loaded piles in sand," Preprint, Offshore Technology Conference, Houston, 

Tex., 1974. (OTC paper 2030, pp 743-483) 

Reese, L. C. (1973). "A design method for an anchor pile in a mooring 
system," in 1973 Offshore Technology Conference Preprints, Houston, 
Tex., May 1973. 

42 



bad Yrtedosy gatinrherg yo} bad2ot" ad 
Oo youd gnizcos Jikoq signia’ as mov alads 

VaolondosT as 0Fies SY feunind: las ‘ 

ma, ee 

bobsol cifazetal Yo sieanuaenin = , toreny, eile i 
golrescigpd Iivid fave iret svanaogaay yin 

OVED agh, Witad «sient 39609, ON8-H i eit. 

“nod ere Rea doodbowH REROL) axt added? Ww U1 
i-GS qq ,1V@i sont Dt ‘deem + ln re ea 

bodse—due erdifone eskieaies 403 eis wie na tot colar} 
favintaat wrotasodal gninasalgad Livrd (acolt thao © 

(berlatidug sd on). VBE TRS 1 , 

Aotod wMsvbaaliol jntad teotadost doddorbyt -senudlone + {Qt 
1A sbaslisdson oat Mb eval ad uA vc ,88, xem 0 ark 

~badus. toorx7tl (avery euiganee 18 be .vergned 7 7 c. a 
puirsssignd Livid: .Jis-odi-fo-esere S105 team Sal <M OR es 

OTOL too teied omansk Jxo% OLEH 

gatblod votons gokntwisget” 2801) absaed Mad bas y 
£0 (Es Lov ,(robaol) SMAue "asad tsbow 

bos gatiquaa Ifoa soeivind A2TGF)- seiaav’ tL. baa, 
ahkzosmtgnd Civil ,dooddaall - notvectmmish wdemesey te 

OVO guA ,\Eflad \ smenegh trod .eVe-+H sap geit: ladkaipet’ a 

aniiq bebeol yIisteisl t6 agtesh 102 anoltalayx0d” ’ . (OTe) am 
: mat ,fotawol  sonsisined yyolondsel sxodattO , sabrastt Me 

Ceeesise qq, i Lov FOR: bd 

‘haoe eh enjelq todoaa Lesrsrav to ebsol oxuttet® CESOED. tL 
<OVOl. ase , OMe  ackalvid enoitebruot bie a2pgsdaal, fboe add 

wai .ghiveantgns tatewrsbod fea nesoo 26 dootbasl (480). 4 
OYeR 02 OTS gy ROCE . oat, yeequied dood itit-weydou 

" aromuad saivisbaliq 1ejewisbau wen owl /sxuioosd (8VOL} 
sOVOL eet aotasoll « 3a «feaotisnisial & 

ylisaptel to ateyienA” .(dtOL) sddiad A Lf bane wen ra a ‘wit 
~ROtavoH ,sonsysknod ygoloniseT axoiey20 pe: M Bish ab ‘as iie 

CE8S-2a) ay O05 xaqeq TG) ie 

guizoom © at sfiq xodgas as 46% bodtem aghash Aw” ~CEver) ae Be § 
;oOtauOH ,etalagext sonexetne) ygolonivst az08a230 ever a » 

Se 



Saurwalt, K. J. (1971). Movements and equilibrium of anchors holding on 
an impervious sea bed, Section I. Schip en Werf, Rotterdam, Nr. 25, 
1971. 

Saurwalt, K. J. (1972a). Movements and stability of anchors on an 

impervious inclined uneven sea bed, Section II. Schip en Werf, Rotterdam, 
Nr. 9, 1972. 

Saurwalt, K. J. (1972b). Stocked anchors holding on an impervious sea 
bed, Section III. Schip en Werf, Rotterdam, Nr. 26, 1972. 

Saurwalt, K. J. (1973). Anchors penetrating and holding on a soft 
planar sea bed, Section IV. Schip en Werf, Rotterdam, Nr. 16, 1973. 

Saurwalt, K. J. (1974a). Anchors digging in and holding in a soft 
planar sea bed, Section V. Schip en Werf, Rotterdam, Nr. 25, 1974. 

Saurwalt, K. J. (1974b). Explanatory anchor experiments, Section VI. 
Schip en Werf, Rotterdam, Nr. 26, 1974. 

Seed, H. B., and I. M. Idriss (1971). "Simplified procedure for evalu- 
ating soil liquefaction potential," Journal of the Soil Mechanics and 
Foundations Division, vol 97, no. SM9, Proceedings Paper No. 8371. 
American Society of Civil Engineers, Sep 1971, pp 1249-1273. 

Seed, H. B., I. M. Idriss, and F. W. Kiefer (1969). "Characteristics of 
rock motions during earthquakes," Journal of the Soil Mechanics and 
Foundations Division, vol 95, no. SM5, Proceedings Paper No. 6783. 
American Society of Civil Engineers, Sep 1969, pp 1199-1218. 

Skempton, A. W. (1951). "The bearing capacity of clays," Building 
Research Congress. England, 1951. 

Smith, A. E. L. (1962). "Pile driving analysis by the wave equation," 
Proceedings ASCE, Civil Engineering Division, vol 127, no. 1, 1962. 

Taylor, R. J., D. Jones, and R. M. Beard (1975). Handbook for uplift- 
resisting anchors, Civil Engineering Laboratory. Port Hueneme, Calif., 
Sep 1975. ; 

Taylor, R. J. (1980a). Conventional anchor test results at San Diego 
and Indian Island, Civil Engineering Laboratory, Technical Note N-1581. 
Port Hueneme, Calif., Jul 1980. 

Taylor, R. J. (1980b). Test data summary for commercially available 
drag embedment anchors, Civil Engineering Laboratory. Port Hueneme, 
Calif., Jun 1980. FOR OFFICIAL USE ONLY 

Taylor, R. J. (1980c). Conventional anchor test results at Guam, Civil 

Engineering Laboratory, Technical Note N-1592. Port Hueneme, Calif., 
Oct 1980. 

43 



Se lag mee 
a J 203 gstbtekievodons to aubrditiups: bres 

ie eh ooh mabi03 208 <txoW gs gidoe. 

fk no pxodone Yo uot tidate bas pln TS 
mabasgzod ,325W ws gio IF aokine? Per ake “nea 

ase ‘QuolvT oy ark die RO qotbfod peer badsot2 
Ser as 2h omiiainesie 2 tteW ae gee 

Stee » GO gobbled bos sstvedalins axbiboah “cere 
E°RL ak 22, ymabiaszon# Miele Tk ea sl Vi ol: 

Rov mw Ot yeiblod ban gt gortgy tb axbiiood 
,oVer (ao a enabrod Ian, awe ge qido® 

3%. nobios2 (Ripon sayHs yorons yaotenelqxd caareh) 
«AVG. yas ah aabaszso8 | 

-slavs 102 ‘suuhbsdotq baltitqute” . (r¥et) ealebt tf, x sa 
“bas asinsiost! Lic? sd3 to Lamiuel ", fabiassog wattystsopEy 

EVER of xoqeT aguibassorg O82 on ek noiatvad : a 
EXSIMOOS? qa (fTRl gad wow tyisi sik to yeh 

Yo sakdsdeososied]" .(0dCL). +9toEH .W OT bee deen MH Ey. 
baé t0tesdoe J b0@ ad? Yo Lanznol, i aeitenpd tees gat sub | 
E879 0K teq0% agikbosoost , 2b .oe , 60 foe ,eoleivid amen 

OELEr OTL gq. CdUt gee poasakend Seekd Yo eekgel 12 

eathlind ” sayeta to. yireger galas” aute™ Creer} a ey 
feet ,baslgad ansiga00 

" nottauys evaw odd zd 2tevlone Satvin® ofit”" (ser) KS me "s 
‘ShOr .f.0m.,TSi doy jaokenwrd gareetatged five) ,aIGA week 

-Ithige sot. doodbask fvel> bees 1.4 bas ywadot sO, «eh 
>. Erie... speask 3209 peli ve, ghivesatgad iyi} nadia “a 

Be | 

ogeitl as2 ¢4 avivans, see sedans. Legobtaavned, » ‘deaueny: a ae: ‘ 
sf62i-W g20K Ieotidoal ,yrodapotad eaaoarged fiveo ,baefal nak 

O80rT Tut, ; keted ¢ aurea 3 

oldsliave qilstoxvsemas. 402 wenminie oteb : tant CagRer) 

\smonsuh 3347 wo wrotsioded aodyponigal fivid .avedoas scoakbue § 
YO Fey TALIITIO Hot ~ 08ers kd ee 

fiwtd .ceud 26 etfusex ta5d vodpng Barotsaavas) (R080) 0 ae « ply 
this? ,saensull tral LSet HR 6s0n {ertadoat iWrOFer Oded a 



True, D. G. (1975). Penetration of projectiles into seafloor soils, 
Civil Engineering Laboratory, Technical Report R-822. Port Hueneme, 
Calif., May 1975. 

Valente Ps JeoeRandlayLorn He Lee. sandoR. Dey Rasle (1976) -emstate— 
of-the-art in high capacity, deep water anchor systems, Civil Engineering 
Laboratory, Technical Memorandum M-42-76-1. Port Hueneme, Calif., Jun 
1976. 

Valent, P. J., R. J. Taylor, J. M. Atturio, and R. M. Beard (1979a). 
"Single anchor holding capacities for ocean thermal energy conversion 
(OTEC) in typical deep sea sediments," Ocean Engineering, vol 6, nos. 1/2, 
1979. 

Valent, P. J. (1979b). Coefficients of friction between calcareous 
sands and some building materials, and their significance, Civil Engineering 
Laboratory, Technical Note N-1542. Port Hueneme, Calif., Jan 1979. 

Vesic, A. S. (1969). "Breakout resistance of objects embedded in ocean 

bottom," in Proceedings of Civil Engineering in the Oceans II, Miami 
Beach, Fla., American Society of Civil Engineers, 1969, pp 137-165. 

Vijayvergiya, V. N. and J. A. Focht, Jr. (1972). "A new way to predict 
the capacity of piles in clay," in 1972 Offshore Technology Conference 
Preprints, Houston, Tex., 1972, vol 2, pp 865-874. 

Wilson, B. W. (1969). Earthquake occurrence and effects in ocean areas, 
Naval Civil Engineering Laboratory, Contract Report CR 69.027. Port 
Hueneme, Calif., Feb 1969. 

44 



/atioe socMIaee oINe Kal tyoatore) as Sosa 
snengen 37 Claes: se Oa4M- Task asda “trosededel x 

ca? ee Ait 

baw, stot ESM 
« > bey aes | 4 ny. ret) $HS steve SOfons hgh i wir + Tigegeo) 

ist 7 triad , omnes steT ge mothers omnes, fa 

wow s70I32 (oO, GL} Dem wil 

(e@lel) Bead 1M U-bee joirustA (a nokia | By ht 

moreySvuo2 73 zone (eee .cos36 Ags bolyioaged pats : 

»w li .262°,.9 Lov ,garisamiong naes0 "lads sm iber- SSE be f& 

aos tsslao apeving HoLsioist to vinstokeeaoen “gen 
gutysatigad (tvid, ~pwanesttinghé sisd? hoe [abeiresaee lenineh 

: GVer ost | Rtiad -emrauk gro.  , Shetow oton ‘a 

nessa he HDaepbsadmw L946 reo > S962 02 129% tuodeo2d* tg 

baisiM 1) auasc oft me gosrsenigad Loyd 20 mame 
(GGL-TEL gq , Qe -eesadtant Livi> to Yiskood' aeaay 

Dsbayg oo) yaw wad A’ fa shen yi Todo) 2A Uae a 
“a ata tna) Yar! mide tT 4:4 ist20 SUen az) (vary a pabig toy 

; pig-2ag qq ',S fow Sheba + than 
2AS9 25. GS5de re BIIBSZI9 Dae SoRSsesH 709 ov anpaoxiel 

Tod TOE a "WD: orrest w3etsn me] vod eroded oo Lyte 

; f de® 


