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1.1 PURPOSE OF REPORT

The purpose of this report is to provide a document insuring

the structural integrity of one of the four marine structures of the

U.S. Navy East Coast Air Combat Maneuvering Range, offshore of Kitty

Hawk, North Carolina. This structure is identified as Structure 2 at

Site 2, resting in approximately 93 feet of water.

This report (No. 27-771-95) is part of the documentation required

by U. S. Government Contract No. N62477-76-C-0179, Modification No. PO001,

let by the Naval Facilities Engineering Command, Department of the Navy,

Chesapeake Division with Crest Engineering, Inc., Tulsa, Oklahoma.
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1.2 DESCRIPTION OF STRUCTURE

1.2.A Purpose of Structure

The structure, at Site 2 is part of a series of structures

comprising the U.S. Navy East Coast Air Combat Maneuvering Range.

Its purpose is to provide a platform to support electronic

instrumentation necessary for the proper functioning of the East

Coast Air Combat Maneuvering Range.

The equipment on the structure includes:

1. Navigation and airciaft warning lights attached to the top

of each of the three columns.

2. A signal horn attached to the underside of the Equipment

Deck extending toward the sea.

3. A receiver-transmitter assembly attached to the Equipment

Deck in the vicinity of the southwest corner.

4. A solar panel assembly attached to the cantilevered deck on

the south side of the Equipment Deck.

5. A battery assembly fastened just north of the solar panel

assembly.

6. One air-to-ground antenna attached in the center of the

Upper Deck.

1.02
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7. One ground-to-ground antenna, eight feet in diameter,
r

mounted on a vertical guide attached to the southwest

column. This antenna is adjustable vertically from El.

(+) 75.0' to El. (+) 25.0'.

8. A hand-operated, two-ton marine winch located on the

Equipment Deck in the southeast corner.

1.03
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1.2.B Location

A-

The site for the East Coast Air Combat Maneuvering Range

is approximately 26 miles offshore of Kitty Hawk, North Carolina.

-.' -

Structure 2 will be erected within a half a mile of coordinates

13, 152, 623 North by 1, 566, 734 West (N360 13' 36", W 750 14' 59")

in 93 feet of water.

The structure will be oriented so that the side of the plat-

form with the cantilevered solar panel deck will face due South.

This places the boat landing on the northeast side of the structure,

and locates the column with the ground-to-ground antenna nearest

the shore.

1.0 4
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1.2.C Structural Description

The marine structure consists of a three-pile jacket (template)

with equilaterally spaced legs through which steel piles are

driven into the seabed. The jacket is then secured to the piling

by welding shim plates in the annulus between the jacket leg and

piling at the top of the jacket legs. A superstructure consisting

of an equipment deck and an upper deck is then attached to the

piling above the top of the jacket. This tripod structure has

the following features:

1. Upper Deck elevatiri is at (+) 75.0 feet above Mean Low

Water to provide an adequate envelope for the hoist on the

Equipment Deck.

2. Equipment Deck elevation is at (+) 60.0 feet above MLW to

provide an air gap of 8.0 feet between the deck and the

maximum crest of the 50 year storm.

3. To avoid any shadowing of the cells, a cantilevered deck is

provided on the south side of the Equipment Deck to support OF

the Solar Panel Assembly.
.

4. The only diagonal bracing framing the superstructure is

between El. (+) 60.0 feet and El. (+) 45.0 feet.

5. The equilateral pile spacing at the pile cut-off El. (+) 16.5

feet is 29.0 feet from centerline to centerline.

6. The true jacket batter is 6 to 1 for each of the three legs.



7. Horizontal bracings for the jacket are located at El.

(+) 12.0, El. -) 13.0, El. (-) 39.0, El. (-) 66.0 and

El. (-) 93.0. In addition to the perimeter bracings,

secondary horizontal bracings connecting the mid-points

of the perimeter bracings are located at each of the above

elevations. Diagonal bracing connect the levels.

8. A boat landing is provided on the northeast side of the

structure from El. (+) 9.0 to El. (-) 3.0.

9. Boat fenders are attached to the two jacket legs on the boat

landing side of the structure to protect the structure from

sustaining damage from large impacts of approaching boats.

The fenders consist of rubber tires installed around a

vertical concrete filled pipe from El. (+) 12.0 to El. (-)

7.5.

1.06
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1.3 DESIGN CRITERIA

1.3.A Purpose of Structure

1. Wave Data - 50 year storm

MLW Depth 93.0 ft.

Storm Wave Height 60.8 ft.

Storm Wave Period 13.6 sec.

Maximum Storm Tide 3.6 ft.

Maximum Astronomical Tide 4.5 ft.

Extreme Surface Current 4.5 ft./sec.

Mudline Current 0.8 ft./sec.

2. Wind Data
Maximum Gust 174.0 mph

1 Minute Wind 145.0 mph
1 Hour Wind 114.0 mph

The approach of the storm wind and wave can be from any

direction.

1.3.B Foundation Criteria

1. The basis for the foundation design is a McClelland report

to Cubic Corporation entitled "Foundation Investigation

East Coast ACMR Ocean Structures, Volume I". The soil

information to be used in this analysis is one boring at

Site 2.

1.07
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'. (.:] 2. Due to the nature of the sea bottom and sea bottom

currents, scouring of 5 feet below the mudline will be

used in the piling design to develop the theorectical

soil resistance to laterally applied loads.

1.3.C Live Loads

The design live loads will be:

Equipment Deck 150 psf

Top Deck 100 psf

The loads will be distributed uniformly over the entire deck

areas.

1.3.D Material

All structural shapes or fabricated tubular goods are to

be ASTM A-36 or equal except for the material used for the

structure legs at the joint cans which is to be ASTM A-633, Grade A.

1.3.E Corrosion Protection

1. All portions of the platform above elevation (-) 4.0 feet

will be painted.

2. All main structural members located within the splash

zone will have an extra 1/2" of sacrificial steel added

to their wall thickness. This can be in the form of extra

wall thickness or a 1/2" steel plate wrap.

1.08
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3. The portion of the platform below elevation (-) 4.0

feet will be protected by cathodic protection. This will ,.

be provided by sacrificial anodes having a theoretically

expected life of twenty years.

1.3.F Pile-Jacket Connection

The platform is analyzed as if the annulus between the

Jacket and the piling is not grouted. Shim plates will be

provided at each horizontal bracing level. Jacket to pile

connection is made by welding at elevation (+) 16.5 feet.

1.3.G Design Standards

The criteria employed for determination of structural

acceptability are specified by the following documents:

1. American Petroleum Institute (API):

RP 2A Recommended Practice for Planning,

Designing and Constructing Fixed Offshore

Platforms; 7th Edition, January 1976.
- .

Spec. 2H Carbon Manganese Steel for Offshore

Platform Tubular Joints; 1st Edition,

January 1974; Supplement 1, January 1975.

2. American Institute of Steel Construction (AISC): F

Specification for the Design, Fabrication

and Erection of Structural Steel for Build-

ings; February 12, 1969.

o.09



C--> 3. American Society for Testing and Materials (ASTM): .

A36-75 Structural Steel

A633-75 Normalized High-Strength Low-Alloy Structural

Steel.

4. American Welding Society (AWS):

01.1-75 Structural Welding Code. (Rev. 1-76)

1.10
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1.4 DESIGN ASSUMPTIONS

1.4.A Environmental Criteria -Z

1. Wave Data

(a) Wave Coefficients
CD = 0.74 CM = 1.34

These wave coefficients are the wave coefficients

used to generate Dean's Stream Function wave grid

profile for a 3.0 ft. diameter pile. It is assumed

that these wave coefficients are applicable to all

tubular shapes in this structure.

(b) Wave-Current Coupling

The pressures indicated by Dean's Stream Function

wave grid profile include the coupling of the wave

forces with the current forces.

2. Wind Data.

The structure is designed for the one minute wind

superimposed on the 50 year storm wave.

1.4.B Equipment Loads

All equipment loads are included in the area live load.

This is a valid assumption because no piece of equipment has

a density to produce a load greater than 150 psf.

1.11



1.4.C Marine Growth

1. A 1.0" marine growth allowance on the radius is included

on all primary jacket members from (+) 0.0 ft. to the

mudl ine.

2. The effective diameter for the drag area produced by the

marine growth is:

Deff = (Dact + 2.0") 1.02 .

07T-

where 1.02 - Cd for medium barnacle fouling

0.74 = Assumed magnitude of Dean's Cd

1.12
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1.5 DESIGN SUMMARY

1.5.A Environmental Forces:
' .... ,v

Total wind and wave shear force 1,360 kips
(Maximum - Load Condition #2)

K
Total overturning moment 117,139 kips

1.5.B Pile Axial Loads:

Maximum Compressive Load 2,914 kips
(Load Cond. #7 + Pile Weight
below Mudline)

Maximum Tensile Load 1,972 kips
(Load Cond. #9 + Live Load .
Pile Weight below Mudline)

1.5.C Structural Dimensions:

Piling

Outside Diameter 42 in.

Maximum Wall Thickness 2.37 in.

Minimum Wall Thickness 2.00 in.

Penetration Below Mudline 275 ft.

Jacket

Spacing at Mudline 60.0 ft.

Spacing at Work-Point Level 29.0 ft.

Height (Mudline to Work-Point) 109.5 ft.

1.13
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I

Superstructure

2
Equipment Deck Area 556.0 ft.2

Top Deck Area 364.0 ft.2

1.5.D Structural Steel Weight .

I tern Structure

Piling 1,043 kips

Superstructure 132 kips

Jacket 353 kips

Boat Landing 24 kips

Boat Fenders 14 kips

Anodes 16 kips

Total 1,581 kips

.1.14
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2.1 INTRODUCTION

A few selected structural engineering drawings are included in

this chapter for reference to the design calculations. The Introduction

to each Section in this report lists the appropriate drawings pertinent

to that particular section. Reference then can be made to this section

of the report for a reduced copy of the drawing.

The drawings comprising this section are listed below:

3016263 Vicinity Plan 2.02

3016289 Assembly Drawing - 93 ft. MLW Platform 2.03

3016290 Jacket - Elevations 2.04

S(O- 3016291 Jacket - Plan at El. (+) 12'-0" 2.05

3016292 Jacket - Plan at El. (-) 13'-0" & (-) 39'-0" 2.06

3016293 Jacket - Plan at El. (-) 66'-0" & (-) 93'-0" 2.07

3016295 Jacket - Pile Shims & Leg Connection 2.08
3016297 Jacket - Lift Eye Details 2.09
3016298 Jacket - Anode Details 2.10

3016302 Jacket - Pile Details 2.11

3016303 Superstructure - Elevations 2.13

3016304 Superstructure - Upper Deck Framing 2.14

3016305 Superstructure - Equipment Deck Framing 2.15

20
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SECTION 3.0

STRUCTURAL IDEALIZATION
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3.1 INTRODUCTION

This section presents the mathematical structural model used for
the analysis of the 93 feet MLW structure.

The structure is modeled as a space frame. Joint coordinates

and member incidences are generated, as illustrated in Section 3.2,

to obtain an efficient computer model. The model is then used in the

SEALOAD program to generate the wave loads applied to the structure

during the 50 year storm. Finally, the model is used in the STRAN

program with the wave loadings produced by SEALOAD to analyze the

structure for the 50 year storm.

To fully represent the jacket's structural behavior, dummy members

(& are used to simulate the pile-jacket interaction. These members are

modeled so that only shears perpendicular to the piling are trans-

ferred between the jacket and the piling.

The pile-soil interaction is considered in STRAN through the

Coupled Interaction Analysis feature. This achieves convergence

between the boundary conditions of the nonlinear pile foundation and

the linear structure. The input data required for this feature is

found in Section 3.5.

In STRAN the individual structural members of the mathematical r

model of the structure are not given distinct integers for identifi-

cation. Each structural member is identified by the joint number at

the beginning of the member and the joint number at the end of the

3.01F



member. Therefore, Member 701-703 is that member of the model

connecting Joint 701 to Joint 703. The member start is Joint 701 and

the member end is Joint 703, and therefore, the local (member) x - axis -

is positive toward Joint 703.

Also in STRAN, member properties are designated through GROUPS.

Each GROUP has a unique set of member properties, and each member

of the model is assigned to a particular GROUP with the member incidence

card. A list of the GROUP designations is found in Section 3.3. The

member properties of each GROUP are listed in Section 3.7.

Reference Drawings:

3016290 Jacket - Elevations

3016291 Jacket - Plan at El. (+) 12'-0"

3016292 Jacket - Plan at El. -) 13'-0" & (-) 39'-0"

3016293 Jacket - Plan at El. (-) 66'-0" & (-)93'-0"

3016303 Superstructure - Elevation

3016304 Superstructure - Upper Deck Framing

3016305 Superstructure - Equipment Deck Framing -
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SECION 4.

BASIC LOADS



4.1 INTRODUCTION

This section presents the loads which are applied to the

structure.

I[
Section 4.2 contains the estimated weight of the structural

material not considered by SEALOAD because of the structural ideal-

ization of the model.

Section 4.3 contains the calculations for live loads applied

to the Upper Deck and to the Equipment Deck.

Section 4.4 illustrates the data required for the wind loads

feature of SEALOAD. The wind loading applied to the individual

structural members of the model is found in Appendix B.2.

Section 4.5 contains a summary of the shear force and

overturning moment at the mudline for each wave direction. The wave

loading applied to the individual structural members of the model

is found in Appendix B.2

4.01J
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5.1 INTRODUCTION

This section describes the wave approaches considered and the

loading conditions used to analyze the structure for the 50 year storm.

Loading Conditions I to 4 are the load conditions generated by

SEALOAD for the maximum force on the structure (in the area of the wave

crest) for the four selected wave approached. Load Condition 5 is the

dead weight generated by SEALOAD, the dead weight not included by the

model, and the live load on the two deck areas. Load Conditions 6 to 9

are the maximum wave load conditions, Load Conditions 1 to 4, added to

Load Condition 5, the total dead weight and live load of the structure.

5.01
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SPACE FRAME ANALYSIS
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6.1 INTRODUCTION

This section contains the results of the space frame analysis

of the structure subjected to the 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 structural

components.

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

live loads on the structure. I
3. Perform space frame analysis by using STRAN computer program.

6.01
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SECTION 7.0

TUBULAR JOINT ANALYSIS



7.1 INTRODUCTION

This section contains the analysis of all of the tubular joints

of the structure. The tubular joints are separated into two groups,

the Primary Joints and the Secondary Joints.

The Primary Joints are those joints involving the jacket legs.

Section 7.2 displays the joint geometry and location for each of the

Primary Joints. This section serves as a key to Section 7.3, the

computer analysis of the Primary Joints.

The Secondary Joints are those joints involving the interior

bracing at each of the horizontal levels. Section 7.4 displays the

joint geometry and location for each of the Secondary Joints. This

4_9 section serves as a key to Section 7.5, the computer analysis of the L

Secondary Joints.

The computer program used for the tubular joint analysis of this

structure is a post-processor program for STRAN developed by Crest

Offshore, Inc. This program is based on AISC and API criteria for

stress in tubular members.

Reference Drawings:

3016290 Jacket - Elevations

3016291 Jacket - Plan at El. (+) 12'-0"

3016292 Jacket - Plan at El. (-) 13'-0" & (-) 39'-0"

7.01
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F 3016293 Jacket -Plan at El. ()66'-O" & ()93'-0"

301303 Superstructure -Elevations
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8.1 INTRODUCTION

This section ascertains the capability of the pile-jacket ",

connection at the top of the jacket of transferring both the axial

load and the bending moment of the jacket to the pile. The following

assumptions are made in this analysis:

1. The axial load is distributed to all six shims.

2. The resultant bending moment is taken out as a couple by two

shims on each side of the 42 inch diameter pile.

3. The torsional moment is negligible. .I

4. The fillet weld area perpendicular to the applied load

is more susceptible to fatigue crack than the fillet weld

parallel to the load, and, therefore, is ignored in this

analysis.

5. An E-70 electrode is used for welding with T =15.8 ksi

or f = 11.2 w kips/inch.

Reference Drawings:

3016295 Jacket - Pile Shims and Leg Connection

8.01
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SECTION 9.0

PILE ANALYSIS



9.1 INTRODUCTION

This section determines the pile penetration and pile schedule

of Structure 2.

First, the actual maximum pile loads are calculated. Then, these

loads are used with the Pile Capacity Curves to establish the penetra-

tion required. Finally, the Pile Driving Resistance Curves are checked

to insure that the piling can be driven to the desired penetration.

The pile schedules are devised to avoid any possible set-up problems

while driving and to minimize field welding of the pile add-ons.

In addition, the P-Y curves for the site are included in this

section. The P-Y curves are used in Section 6.0 for the space framing

analysis.

The Pile Capacity Curves and the Pile Driving Resistance Curves

are from the Foundation Analysis, Report No. 27-771.97.

Reference Drawings:

3016302 Jacket - Pile Details

9.01
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SECTION 10.0

INSTALLATION ANALYSES



L

10.1 INTRODUCTION

This section contains the analyses considered pertinent to the

installation of the structure. d, "-

Section 10.2 includes the check of the stresses on the structural

members at the mudline due to the soil pressure on the jacket before

the piling can be attached to the jacket.

Section 10.3 is the analysis of the recommended lifting eyes for

the jacket lift. For the analysis of the recommended lifting eyes for

the superstructure, refer to Rport No. 27-771-98.

Section 10.4 is the lift analysis for the jacket. The computer

output for the analysis is in Appendix B.8. For the lift analysis of

the superstructure, refer to Report No. 27-771-98. h.-

Section 10.5 contains the floatation analysis for the jacket.

Reference Drawings:

3016290 Jacket Elevations

3016291 Jacket - Plan at El. -12,

3016292 Jacket - Plan at El. () 12'-0" & ( 39
-

-01

3016293 Jacket - Plan at El. (-) 661-0" & (-) 93'-0"

3016297 Jacket - Lift Eye Details

10.01
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S""•11.1 INTRODUCTION

The surface area of a marine structure is divided into three

zones for corrosion protection consideration, the Submerged Zone,

the Splash Zone, and the Atmospheric Zone.

The Submerged Zone is protected from corrosion by cathodic

protection through the use of sacrificial anodes. The Splash Zone is

protected by using one half inch thick extra material in excess of

that needed for strength and then painted. The Atmosphere Zone is

protected with paint.
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' .~-.-.11.2 DESIGN DATA

Zones for Corrosion Protection:

1. Submerged Zone - El. ()4.0 feet to El. ()93.0 ft.

2. Splash Zone - El. ()11.0 feet to El. ()4.0 feet. ..

3. Atmospheric Zone- El. ()75.0 feet to El. ()11.0 feet.

Current Requi rements:

Current Density =6 MA/ft2 of surface in water

2 MA/ft2 of surface in mud

Design Life: I
N =20 years

11.02
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S11.4 SPLASH ZONE

The Splash Zone is protected by first using one half inch

thick extra material in excess of that needed for strength, and then

by applying paint to the structural members in the zone.

",2-' 11.4SPLAS ZONE..--
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11.5 ATMOSPHERIC ZONE

The Atmospheric Zone is protected by paint. The surface area

of the structure requiring paint is 8,500 square feet. The surface

area calculations can be found in Report No. 37-771-98, Section 2.7,

Paint Area.

Ir
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SECTION 12.0

MATERIAL LIST AND WEIGHT
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12.0 INTRODUCTION -I[

This section includes a material listing and total weight of

each major component of the structure including the superstructure, -

jacket, boat landing, boat fenders, and piling. The material listing

in this section is a summary and includes only the total length and -

weight of each particular shape for each of the major components. A

more detailed listing is found in the computer output in Appendix B.9.
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Pag, No.

A. H. GLENN AND ASSOCIATES.

i

TABLE 18: 50 YEAR STORM WIND, TIDE, AND WAVE CHARACTERISTICS:
360 13 '36.3"N, 750 14'59.6 "W: SPECIFIED 93 FOOT CHART

DEPTH: OFFSHORE KITTY HAWK, NORTH CAROLINA

Chart Depth 93.0 Ft.

Highest Astronomical Tide 4.5 Ft.

Storm Tide 3.6 Ft.

Total Tide 8.1 Ft.

Still Water Depth 101.1 Ft.

Height of Maximum Wave 60.8 Ft.

Period of Maximum Wave 13.6 Sec.

Crest Elevation Of Maximum Wave
Above Still Water Level 43.6 Ft.

Crest Elevation of Maximum Wave

Above Chart Datum 51.7 Ft.

Crest Elevation of Maximum Wave 144.7 Ft. -.-

Above Bottom

Length of Maximum Wave 783.5 Ft.

I Hour Wind 114 Mph

0.5 Hour Wind 120 Mph

I Minute Wind 145 Mph

Maximum Instantaneous Gust 174 Mph



FAge No.

A. H. GLENN AND ASSOCIATES

TADLE 19: 50 YEAR COMBINED WIND DRIFT, DENSITY, AND
TIDAL CURRENT VERSUS PERCCNT OF OEPTIA-.
35*13'3o.3"N, 75'14'59.6"W: SPECIFIED 93
FOOT CHART DEPTH: OFFSHORE KITTY HAWK,
NORTH CAROL I NA

Par-cant Of Depth Current Spoed (Ft/Sec)

0%4.5L

;0% 4.2

20% 3.6

50% 3.5

40% 3.2

50% 2.9

60% 2.6

70% 2.2

00% 1.9

90% 1.6

100% 0.0
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APPENDIX A.2

WAVE PROFILES
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