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SECTION 1

I TRODUCT ..10T1

_1 1TR uDICT I]~ 0-,-N]T:

The major objective of this report is to establish an optimized

three-pile ocean structure for the U.S. Navy Air Combat Maneuvering

Range (ACMR) offshore North Carolina, U.S.A. This report consti-

tuts a portion of the project report on the Structural Concept

Analysis.

The function of this report is, therefore, to optimize a three-pile

ocean structure so as to refelct a minimum steel weight unc:er the

environmental conditions compatible with those used previously in

the design of skirt-pile structures.

lhe conceptual structure considered herein, a three-pile structure

with equilaterally spaced jacket legs, is designed for a water

depth of 04 feet (MLW). The anchoring of the structure is to be

achieved by driving piles through the jacket legs into the seabed. 1
Securing of the jacket is then accomplished by welding of shim

plates along the annulus between the jacket leg and piling at the

top of the jacket legs. A superstructure consisting of an equip-

mevnt deck and a top deck will be installed to the piling above the

jacket. A boat landing is to be furnished with the jacket. A set

of stairways attached to the superstructure shall be furnished to

provide connections among the boat landing, equipment deck and the

tnp deck.

1.01
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I n o rder Loa at L,,i n the s ta tnl bi cec t i ve. a sys Sv t 0 t fi Iza t in eh -

C. nique2 is ei;pl oyaJ i n the ccu rse o f es tab]I i sh i ncj m-aJor structurail

member sizes and diimensions. An objective fUnction of a niu

steel %.eight is formulated by treating th', Jacket base spacing as

the univoiriable para:;eter subjected to the constraints of tne driv-

ability and axidi load capacity of the piling. The selected struc-

ture is then analy-ed to examine the member stresses and the reac-

tions on the piling. The computation of the corrosion Protection

requirerents fol lows. Finally, a three-pile ocean Structure with -

piling size of 36 inches outside diameter and the jacket leg bas!?

,;pacing of 58 feet is established. The structure ..e-ighs approxi- -

mately 530 tons.

Ar.
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1.2 DLSIG(, CPITEPI A

Des iqn criteri a presen ted herein serve as guide 1 ines in the con-

ceptual development of the proposed three-pile structure. These

crit'ria. are listed as Follows:

A. Environm-.ental Criteria

MLW Depth 84 ft. -.

Storm W/ave Height 62 ft.

Storm Wave Period 12 sec.

Maximum Storm Tide 10 ft..

Maximum Astronomical Tide 4 ft.

Maximum Current (for full depth) 5.4 ft./sec.

Wind Velocity 150 Knots @ (+)30 ft. I.

The approach of the storm wind and waves can be from any direc-

* tion.

B. Foundation Criteria

(1) The basis for the foundation design is a McClelland report

to Cubic Corporation entitled "Foundation Investigation

East Coast ACM R Ocean Structures, Volume I". The soil in-

formation to be used in this analysis is one boring at Site

No. 1 in the aforem-entioned report. ..

(2) Due to the nature of the sea bottom, and sea bottom currents,

scouring of 5 feet below mudline will be used in the pre-

l iminary pilin design to develop the theoretical soil re-

sistance to laterally applied loads.

- .., i,



C. Live Lo-!ds

( The live loads shall be as follows

Equipiient Deck 150 psf

Top Deck 100 psf

The loads shall be distributed uniformly over the entire deck

areas.

D. Material

All structural shapes or fabricated tubular goods are assumed ,

to be ASTI' A-36 or equal.

E . Corrosio- Protection

(1) All portions of the platform above elevation (-)4' - 0"

shall be painted.

(2) All main structural members located within the splash

zone shall have an extra 1/2 inch of sacrificial steel

added to their wall thickness. This can be in the form

of extra wall thickness or a 1/2 inch steel plate wrap.

(3) The portion of the platform below elevation (-)4' - 0"

will be protected by cathodic protection. This will be

provided by sacrificial anodes having a theoretically

expected l i fe of ten years.

F. Mi-scella 1-eous

(1) The platform is analyzed as if the annulus between the

jacket and piling will be ungrouted.

( ~1.04 ..
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The criteria employed for deterrmination of structural

acceptability are specified by the documents:

(a) Specification API RP 2A, Recomnended Practice

for Planning, Designing and Constructing Fixed

Offshore Platforms, 7th Edition, American Pe-

troleum Institute, Dallas, Texas, 1976.

(h) anual of Steel Construction, 7th Edition, Amer-

ican Institute of Steel Construction, New York, I

N.Y., 1969.

r!
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1. 3 DF)?3IGN ASSfYIPT IOiS

fSome assuriptioris to he used in this analysi s are l isted as follows:

True batter of' piling and jacket leg 1:6 4

*Equirlment deck area 500 sq. ft.

Top deck area 1,200 sq. ft.

Spacing bettween decks 15 ft. 4

1.06
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The prii::ary i te. : of concern is the axial loals resul ting in the , i-

rj: envi ronmiental forces. If the rmxiu;! requi red pile capacity is

at-tailnahle thrcugh the available soil information, then the conceD-

tual structure would be considered feasible. In order to obtain such

inform; ation, Sections 2, 3, and 4 are first developed in this analysis.

A three-pile structure with variable base spacing is then considered

une'r a given set of overturning moment (107,302 ft-kips) and hori-

Zontal force (1,254.6 hips) Thus, the relationship between axial

pile capacity and jacket base spacing under a set of given loads is

established in Section 5.

S,-cuiun 6 presents a system optimization procedures to select a struc-

ture , hich reflects the minimum steel weight and minimum spacing

uner the constraints of Sections 2 to 5.

The configuration of the selected structure is proposed (Section 7)

and then idealized (Section 8) for further analysis. The basic load-

ing conditions (detailed in Section 9) acting on the structure are

computed in accordance with the design criteria Finally, the select-

ed structure is analyzed as a space frame structure under combinations

of various basic loading conditions (Section 10). The structural mem-

ber stresses from the space frame analysis are compared with the API

and AISC Specifications. The structural reactions are again used to

check the pile capacity requirements.

-"Storm forces from skirt-pile structures under separate

contract: Crest Offshore Job No. 27-621-00, to Cubic
Corporation.

(. ]1.07
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Some of the i,17re significant results froir th;a anialysis are s~a

rized as followis:

En v iro rme ntalI Fo rces:

Total wind and wave forces 836.7 kips
(including boat loading and stairw-ay)

Total overturning m~oment 79,5701 ft-kips
(including boat landing and Stairway)

Pile Axial Loads:

Maxiiwuim compressive load 1,858 kips

Maximum tensile load 1,463 kips

Structural Dimensions

Pilinq

Outside diameter 36 in.

Penetration below mudline 180 ft.

Jacket

Spacing at mudline 58 ft.

Spacing at work-point level 29 ft.

Height 98 ft. 9 in.

SUpers truc turp

Equ i pien t deck 25 ft. x 20 ft.

Top deck 35 ft. x 35 ft.

Structural Steel WAe ifht

Piling 545,826 lbs.

1.081
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Sup: rs truc turce 139,907 lbs.

(3 Ja CI"L 231,130 lbs.

Total weight 915,923 lbs.
(excluding boat
landing, stairway
and miscellaneous

items)

1.091

fiig ..r



1.6 PE-RSONNIEL RESU*IES

The personnel whose resumes follovi %.,re actively enjaged -in this

project.

1.10 ..



CREST OFFSHORE, INC.

.). ,, .

Chingmiin (Charlie) Chern
,.. ._,

Senior Engineer - --

University Degree Year

National Taiwan Bachelor of Science
University Civil Engineering 1961
North Dakota Master of Science
State University Civil Engineering 1966
Lehigh Ph. D.
University Civil Engineering 1969
Tulsa University Graduate Study in

Business Administration-
Management 1974

Societies, Licenses, Member American Society of Civil Engineers
and Member International Association of Structural and
Other Activities: Bridge Engineers

Member American Society of Engineering Education ,- .-
Registered Professional Engineer in Oklahoma %_16

Experience:

1973 to Present Crest Offshore, Inc. %

Senior Engaged in the feasibility studies, structural analysis and
Civil design of offshore structures, equipment supports and other
Engineer various types of petroleum related civil engineering works.

Assignments include:
Evaluation of engineering designs from other agencies.
Analysis and design of offshore structures for oil

industry.

Analysis and design of supports and foundations for
onshore refinery facilities. I".

... Development of a sequence of computer programs
for the analysis of offshore structures. '

°. I1 j

S. . . - -- - - -4



.- . . • . ..

CREST OFFSHORE, INC.

Chingmiin (Charlie) Chern

Senior Civil Engineer

Experience Continued:

1969 to 1973 North Dakota State University

Associate Engaged in full-time lecture instruction for civil
Professor of engineering (graduate school division) and construc- 7
Civil Engineering tion management. Also served as consultant to local

industry (undergraduate school division) in the area
of computer applications in engineering.

1966 to 1969 Fritz Engineering Laboratory

Research Assisted in the design and testing of various types of
Assistant steel structures.

1966 North Dakota State Highway Department

Highway Responsible for construction surveying. . "-'"
Engineer

1965 U.S. Forest Service

' Assistant Assisted in surveying responsibilities.
Crew Chief

t.4

€,-.

"V~~~ N I -

VAIoo.



SECTION 2

PIPE PILE CAPACITY CURVES

2. 1 INTRODUCTION

Axial caracity curves are developed hereinafter for 30", 36", 39"

and 42" diameter piling. The method utilized is the emperical pro-

cedures, as presented in the McClelland soils report, for pipe piles

penetrating through sand and clay alternating strata. The 30" dian-

eter curves are developed to demonstrate the ability to reproduce

the M'cClelland curves and subsequently the same procedure is follow-

ed to produce the remaining curves.

L
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S tr atif icattion

A generalized sumnmary Of thim major soil strata all each sitc based

on the log of bjorIng is given in the following tabulations:

Boring1
Penetration, ft

S tra t-umn F rom To De sc ription

10 56 Very dense gray fine sand and
silty fine sand

11 56 78 Dense gray silty fine sand

II78 146 Dense gray fine sand

IV 146 170 Medium dense-to-dense gray

at silty fine sand

V 170 297.5+ Very stiff brown-to-gray silty
clay- to-macicrately plastic clay

Boring 2r
Pen etra tionf

Stratumn From To Desc ritption

1 0 33 Very dense gray fine sand

1133 45 Very stiff-to-hard gray silty
clay

111 45 114 Dense gray silty fine sand-to-
silt below 90-ft penetration

IV 114i 132 Firmi-to-stiff gray silty clay

V 132 190 Mcediurn dense gray sandy silt-
to- silt below 160-ft penetration

VI 190 235 Medliumn dense-to-dense gray

silty fine sand

ViI 235 290 Very stiff gray silty clay

r.VIII 290 320.5+ Dense clark gray-to-gray fine
sand

... . . ... . * ~ **%. .% --- ~ c~ -:'
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/Client

-'.. -b No 7 '

Boring 3 .,
Penet ration, ft

ra tum F r o r To Desc ripin

I 0 107 Dense-to-very dense tan-to-
gray fine sand

IT 107 160 Medium dense silty fine sand-
to-sandy silt below 140-ft
penetration

III 160 225 Very stiff-to-stiff gray silty

clay

IV 225 243 Medium dense silty fine sand

V 243 260 Very stiff gray silty clay

VI 260 280 Dense gray silty fine sand

VII 280 292 Hard gray sandy clay

VIII 292 326. 5+ Medium dense gray silty fine

I.., sand

Bo ring 3a_..::-:

Ienetration. ft
Stratum From To DescriDtion

I 0 175 Very dense-to-medium dense

gray fine sand and silty fine sand

II 175 195 Gray clayey silt, slightly sandy

Iii 195 235 Stiff gray silty clay

IV 235 255 Medium dense-to-dense gray
silty fine sand

V 255 275 Hard-to-very stiff gray silty
clay

VI 275 289 Dense gray silty fine sand
ViI 289 305 Very stiff gray moderately

plastic clay

VIII 305 370.55 Medium dense gray silty fine
sand

*....
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Penetrationftl
Straturn F ruin To Desc nio'ion

1 0 102 Very dense-to-dense tan-to-
gray fine sand

11 102 136 Medium dense gray silt

ill 136 170 'Mcdium dcnse-to-dense gray
silty fine sand

IV 170 207 Dense-to-very dense tan-to- 1
gray fine sand

V 207 250 Very stiff gray moderately

plastic clayK

VI1 250 275 Medium dense gray silt

VII 275 330. 5 1- Very stiff gray silty clay
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SECTION 3

PILE DRIVING RESISTANCE CURVES

3.1 INTRODUCTION

Driving resistance curves are developed using the stress wave ap-

proach as presented in the McClelland Report. It should be noted

that these curves are empirical and approximate and in no way as-

sume attainment of the desired penetration.
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Estimated Driving Resistance, Kips

0 1000 2000 3000 4000 5000
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100 - -
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200 ~. __ -

Estimated driving resistancel
based an 50% skin frictior4Vr tf it9 0 in clay, 10M') skin friction Ca-oCa
in sand, and no endbeCla-toCla

250 --- L .----.- --

300 __ - __ _ _

Maximum driving resistance that can be overcone,
R.u, from Wave Equation Analysis (See Legend)

350 -- ~~ ----

_______________LEGEND _____

Symbol Ru at tip,%5', for pile
Symbol ntration of Q at tip,

O.75-in. I .25 -in. inches. .

Min. Wall Min. w/all 90 18' 2'

* 50 50 2 0.3
Q 50or 14 35 or 6 2 0.1

0 1 11 14 2 0.025

* -* r
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14 150'
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Vutca of 0 P Heapm2,80 lb Quk at t See Above6
Wt fRm 4,0 b pigCntn .8x1 b/n

Rate Enrgy 12,00 ft-bs ampig Fcto, sie &tipJ =0.1

Hammr Eficincy 0.7 Quke Fctor sie, Q 0.1 in
Wt. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ S. of PieC o 2,0-. ukeFcotp e bv
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1600 -

E
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1200 >
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C; Ru at tip 50%, Q aft ip~ 0. 30 in.

S1600

E
0

S1200 o-0

U

180'0

__60__ 95___ 1~ .in

180-F Penerat0o

Vulcan 040 Hammer ofR a tip -See Above
PWt. of Ram =40,000 lbs Spring Constant =2.78 x 106 lbs/in.
Rated Energy =120,000 ft-lbs Damping Factor, side & tip, J -0. 15
Hammer Efficiency =0.75 Quake Factor, side, 0 =0. 10 in.
Wt. oF File Cap 27,800 lbs Quake Factor, tip, -See Above
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Q at tip =0.025 in.
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0
U

>1200- Assumed Pile Schedule
0 lo

~. 160'

400 20 4' 12 n

400 80'40' 1 .25 in.-

1 135' 0.75 in.

0 _ _ _

0 50 100 150 200 250 300

Rote of Penetration, N, Blows per Foot
280-Ft Penetration

Vulcon 040 Hammer % Ru at tip =2% .

Wt. of Rom = 40,000 lbs Spring Constant - 2.78 x 10 6 lbs/in.
Rated Energy =120,000 ft-lbs Damping Factor, side & tip, J = 0. 15
Hammer Efficiency = 0.75 Quake Factor, side, Q =0.10 in.
Wt. of Pile Cap 27,800 lbs Quake Factor, tip,- See Above
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Vulcan 040 Hammer .

W/t. of Rom = 40,000 lbs
V- ~ .Rated Energy= 120,000 ft-lbs

Hmmer Efficiency = 0.75
I Wt. of Pile Cap 27,800 lbs

Ru at tip = 14%, Q at tip 0.025 in.
Ru at tip =6% or 35%, Q at tip = 0.10 in.

S. . . Ru at tip = 5-/ 0 , Q at tip = 0.30 in. . I

"i ,' - <-"-,,, Spring Constant = 2.78 x 106 lbs/in.
Damping Factor, side & tip, J = 0.15 .

-1 Quake Factor, side, Q = 0.10 in.
Quake Factor, tip, - See Above

I \ , ,.J .

,.

- .,



CREST OFFSHOiRE, I NC. She77j'-fr~~

Sh -- 'o

V Ru at tip = I4,oQat tip 0. 2 5 in.---------------------*-

R at tip =6% or 35%, Qat tip 0. 13inl.
R~at tip = 50, Q at tip 0.30 in.

17 ~ - ~ _____ ______ ____

-- --- u- - - -- V
/ - _ _ _ _ _ _A

* I

Z~-7

.21



L CREST OFFSHORE, I NC. Set . -

* Dc319 ')_, Joo No. 7 7~ Calculation iL'*~>i~-

WAI,~ VJLL THk [.A IQ

Vulcan 040 Hammer
W/t. of Ram = 40,000 lbs
Rated Energy 120,000 ft-lbs
Hammer Efficiency 0.75
Wt. of Pile Cop =27,800 lbs

u~ af tip= 14%, Q at tip 0.025 in.
j R at' tip = 6% or 35%, Q at tip =0. 10 in.

R. u~ at tip =50%/, Q at tip 0.30 in.

Spring Constant 2.78 x 106 lbs/in.

Damping Factor, side & tip, J = 0.15
Quake Factor, side, Q =0. 10 in.
Quake Factor, tip, -See Above
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Jo No.

Vulcan 040 Hammer
Wt. of Rom = 40,000 lbs
Rated Energy =120,000 ft-lbs

I Hammer Efficiency =-0.75
Wit. of Pile Cop 27,800 lbs

ISpring Cons tant 2.78 x 10 6 lbs/in.
-Damping Factor, side & tip, J = 0. 15

I -; Quake Factor, side, Q =0. 10 in.
Quake Factor, tip, -See Above *..-
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R,~ at tip = 14%, Q at tip 0.025 in.-
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Vulcan 040 Hammer
-- Wt. of Rom = 40,000 lbs

Rated Energy = 120, 000 Ft-lb5
Hammer Efficiency =0.75

Wtvi. ofPie Cap 27,800 b

Spring Constant 2.78 x 106 lbs/in.
* (Damping Factor, side & tip, J -- 0. 15

*c. ~Quake Factor, side, Q = 0.10 in.
Quake Factor, tip, -See Above -
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LI

r-ii
IVulcan 060 Hammerv'It%

W.of Ram =60,000 lbs
.4...Rated Energy =180,000 ft-lbs

Hammer Efficiency =0.75

W"f. of Pile Cap 40,200 lbs

-~~ Spring Constant 3.24 x 106 lsi
SDamping Factor, side & tip, J =0. 15

Quake Factor, side, Q = 0.10 in.

Quake Factor, tip, -See Above
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C. I\c ri e n

Vulcan 060 Hammer
WNt. of Ram =60,000 lbs

____Rated Enerq~y =180,000 ft-lbs
I Hammer Efficiency = 0.75

SWAt. of Pile Cap 40,200 lbs

Spring Cons tant 3.24 x 10~ lbs/in.
Damping Factor, side & tip, j= 0. 15
Quake Factor, side, Q =0.10 in.

______________ Factor, tip, -See Above
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SECTION 4

LATERALLY LOADED PILE CAPACITY

4. 1 INTRODUCTION

This section evaluates the pipe pile capacity under lateral loads.

The computer program used to perform the computation was developed

by T. A. Haliburton at Oklahoma State University. The program

printouts were compiled in APPENOIX A.3.
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SECTION 5

AXIAL PILE CAPACITY REQUIREMENTS

5.1 INTRODUCTION

The attempt of this section is to develop axial pile capacity re-

quirements for the three-pile structure under a set of given load-

ing conditions. The results serve as guide lines for optimizing

structural steel weight as presented in the following section (Sec-

tion 6).
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SECTIO'l 6

STRUCTUilAL STEEL WEIGHT VAR ATI ON

6.1 IfOUTO

Set f1orth herein is the cowputLations oi the structura seel weight,

respectively, for the pil ing sizes of 36", 33' and 42". __

In the process of computations, the fol lowing member si!zes of the

structural co~iponents vwre assum--ed to be common rega rdless of vary-

ing piling diame ters.

(I Braci ngs

(2) Jacket Leg wall thickness

OL (3) )Superstructures

(4) Miscellaneous items such as boat landing, stairway, etc.
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STRUCTUPAL §,'O0F IGURPJ I O

7.1 IINTRODUCTIWIN

Set forth h~rein is th concenial conlFigur-to o h ha-ie

structure. This configuration was selected priwiarily on the hasis

Of wegtoptihlization as presented previously.
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SECTION; 8

STRUCTURAL IDEALIZATION

8.1 ITRODUCTION

The material vithin this section establishes the mathemiatical

idealization of the three-nile structural concept. This material

consists of joint coordinates, member locations, member sizes and

location of reactions.
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SECTION 9

BASIC LOADING CONDITIONS " '

9.1 INTRODUCTION

The calculations establishing design loads are presented herein.

These loads are comprised of gravity loads, buoyancy and storm

forces.
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SECTIO" 10

SPACE FP,A*1E .. "ALYSIS

10.1 _ITDUT ION

Tre thrce-pi le structure in this section has satisfied the prp-

I 1 iiniiary design procedures described previously (from SECTIONi 2

to SECTION 9). The main objective of the space fra;:.e analysis

is to confirm the integrity of the proposed structure subjected.

to specified environmental conditions.

The space frame analysis set forth herein utilizes the available

computer programs available at Synercom Technology, Inc., Houston,

Texas. The program processing procedures are as follows:

(1) Set up SEALOAD-2 program to obtain desired wind, wave and

dead weight (including buoyancy effect) loadings on the

I structural components.

(2) Update loadings in Step (1) due to additional dead weight

and live loads on the structure.

(3) Perform space frame analysis by using STRAN computer pro-

gram.

The program printouts are presented in A.5 Space Frame Analysis in

APPENDIX A.
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2. ttlafitr,deanslinfg the optimum methad.-,co at-

1. Azndcs. Unless the svstem is designed for

an aodocanf~cive ; a uncionof hn-SonIC matcrials usA: at this time_ and p.'rti
nd/lerlyeresisiaiuse, It., and' the nent properties are isted in the following

poteli'- d; ii's rnc b~ n theI tinods and tbe
catbol. I-. * 1. can, be deterruilled from a axrnodljrlcat~on of Dwiiht's formula: Pate, Ma.

of con- Current Maximum
4 1, sumorption, Density, Potential,0,",C ( 1n -- 1.0) Material lb11A yr A /ft' Vo0ltsS

1.Lead silve-r alloy 0. 1- o.2 15-20 100+
wh~rc: lead iv/
wfr:platinum piins 0.003 15-29 to0 +

o ',t f nlildo ( llch"-i) Platinum ever
r e qliile(t rad.;ro, (illches) Titaniuim 0.00001.1 100 +

p reasit ofeleerol-ts oit-cnl atPlatinum over
til-ath nt~ w-i'r* tont raiure Niobium 0.00001.1 100 + 40-50

For othner than cvlinlri 'nI an.Ade sh-ipes: Platinum Over
r - ~Cr'.;S~ioni :ri.tTantalulm 0.000013 100 + 200

';7 ~2. MNItbod of Attachment. Tinpre-sed current
n~iSmay he permatnently fixed to the pA v;-iglit/anod cnilgsrrati-tn relat 'ion.;hiT) Avtrctum'e duringz constructiuti. run throuzh

shoul lie~~lt~t~dW II h wil pr~i ttl~~protectivse condlul its which are itvtflr t in the.0ioud Loscle:ted ~hic wil p-r~it tl-l'ricni ion var. sus,:pendled by their lead
wirs or Ily a plastic rope !;uppo-rted on a
shiepin IUr cnmposition fittinz which is
scrmoo or flangod to tihe proteclive conduit
or nlolint.sl onI boti't~-suprr~lest.i The
installation nvust be designed to withstand
the onvironmentAl forces acwell as the

SI,-
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12. 1 1 N T R 0D W"T10 N

Se fot heein is the vid2gh' cind irlaeri-l list of the major cci;!-

ponents of the proposed three-pile structure. Boa t Ianding, stair-

w-ay, safletv nets an! miscellaneo.,us it-2ms are not included in th'Is

section.

,



Ct~Ui3T (>~ _______ ~

A

5 0, rI

~':----I

K-

--. . ,

'1'.'- ---
I, y

/ --I
- ~

K->

t

I

t

IA:
~ ~

* .***.*;*~ ~.*K.* . . -* -. :~ ~ 1c2~~k~§>Xc§ Cx''



'37 ~ _ I

- .. T -

" -•o .. r -n 75

I x ?

AC'~S'-L .T~CJ ~ .... ~ AT~, * J , ,v' -- e

- -- ,.... ..

r - T". ) ? ,

, ?' ' -- j× 1 2b ,t . .. . 2 1-9 - t ,': or) -

7 " 1 T 1 . 7 ,
-" - S ,-----"--,T ---,, ,___ - ,#

1 2 
7 %  

,[ ,il 0 9 T 9 n 22 l2 s2 .7 i; 2 7 a~~ r) A7- P~ I

17 0 
.

T - 5- 175. 0 1 1 7 .07

- - - - --------- - --.--

TfITAL E I G T
O,". T ,I ':3. 72S 5,i 17bn.37

Tf'rAL 'E IGST bA,49,.3A La309m!

;--:. -- 1.) -

..... .----..-- .-
-. "" -. 7 .-. ,---,I .

. . . . % .



- -,

*_ - YT. <!j'-' - -.

* -.--.>*-* -

n 2 t, L, ? C - - -

T A II

.', o " ' r . r;- -5 I ' lQ } m ,2 , ,; . ' '[ .- "

~ 5~n ~ ----. o_

• - , - , ' .-- . --- . . ..' .-.

-: ""' - "--, ' ., " , -t. ,- " - - ,-.~ I

. o- ,d J-,- L

"--"

• -- . ** * '. *' * . - .-.



* C~$T7-7-Y

I .- ,

- - - -- - - - - - - - - - - - - - -

231 1 .,

Cl0- . ___-___



- -

::c..' ~- -~

-~--~- _ __ _ I

* - - .J~< I ~ -K ~

-------------- * -- - -- '>1

... ''

V .~. -

., *4

I
- -- :---'.-w-.~ - _______ -

- ~- .-- -- r-

LI

- - -, 17 r; yr-v.,
S . -*~ j - -. -

:- I .~C :2 -~
-

--- t- ~'~I

2> .

-- --- - -

2~ )TV~ .1 .~

~ ?~2 ~'C --

I. ~ ~;--:------ - - ~) ----

.5-

r i2 ~ ?~ r'; - 1~2 ~r

LI -- -

:7?-> - ~ 7~, ~ -- _____

* . v:.TT7:~~ ------- -- ~3~>7~ -~i ~ -- ____- L~A



APPEIIPIX A

COIJ~E RR,I0Y

A. I INTFRODUCTM'T

The cu:iput~er ' rIo.:'it!f" corpiled liereinafLer were UC: respC-

tively, in the ulowinci 4-ems: 4

(1) P il1e D i in s in~ ' e Cu r v s

(2) Later~lly LoaideG Pile Capacity;

(3) Wave and Wind Loads;

(4) Space iram;e, Analysis; and

(5) Memiber Wei*qht Takeoff.

,e.
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