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DEPARTMENT OF THE NAVY S
CHESAPEAKE DIVISION
NAVAL FACILITIES ENGINEERING COMMAND

BUILDING 57, WASHINGTON NAVY YARD
WASHINGTON, D.C. 20374 ) IN REPLY REFER YO:

FPOSIGP: cgw
oo e

From: Commanding Officer, Chesapeake Division, Naval Facilities ;
Engineering Command ‘
To: Commanding General, Headquarters 4 '
Military Airlift Command (DEMU) ';\ .
Scott Air Force Base, Illinois 62225 R
el
Subj: Structural Investigation of POL Pier, Lajes Ficld,Azores o
~ "L o
Ref: (a) HQ MAC SCOTT AFB 132030Z JAN 78 F.“.;.;“i
P L

Encl: (1) Lajes Field, Azores POL Pier Field L
Investigations and Recommendations, Report s
No. FP0-1-78(6) of March 1978 Lo

1. In accordence with reference (a), an engineering field investigation ?‘”“"1*3}
of the Lajes Field POL Pier was conducted by CHESNAVFACENGCOM personnel. ﬁ_:f‘!ﬁlfj
Enclosure (1) summarizes the results of the investigation, provides a CoTel
technical analysis of the structure, and recomnends two concepts for B
upgrading the present facility. : s

2. As shown in enclosure (1) the POL Piler at Lajes Field is under-
designed by present Naval Facilities Enginecring Command (NAVFAC)
design standards. This 1s supported by the history of deterioration
and damage experienced by the structure.

3. While a satisfactory fender system can be designed to resist
heaving abrasion and minor impact loads, the existing pier system
cannot support the loads transferred to it by a T-2 class tanker (half-
loaded) approaching at reasonable contact velocities with the fenders.
Therefore, two alternate concepts for upgrading the facility arc
proposed: (a) construction of threc new mooring dolphius, with

fenders, to permit offloading T-5 class tankers at the present picr;
repair of the deck and pile caps of the picer to reduce further
deterioration; or (b) installation of a single bouy mooring (SBM)
system, available as excess Navy assets, with a submarine pipeline

to shore. An environmental site survey to determine suitability of
seafloor for drag anchors or drilled-in-grouted pile-anchors and define
sca surface environmental design criteria would be required as a prelude
to selcction of the SBM option.
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Subj: Structural Investigation of POL Pier, Lajes Field, Azores

w 4. Although firm cost estimates are unavailable wi:ch this
%: investigation, it appears that even with the basic SBM system
- available as excess, the cost of an installed SBM system would
v be approximately three times that of the new dolphin and fender VIR
! system. Other factors must also be considered such as periodic RSN
. dredging, harbor pilot fees, and onerational commitments for N
L{ fixed or removable facilities. T
X
5. This command is available to provide further consultation, - ,
design, site survevs, or construction support on a reimbursahle R
basis. Discussion of subsequent efforts or questions may he Lot .{
) directed to LT J. C. Wright, (Codcg, FPO-1CP) at Autovon 288-3881. S W -]
3 ST T

s i
CQK MEULLISON

By diréction

S
L

Copy to:

CERC (Attn: J. Eckert) - 1 w/encl .
21st AF/LG - 1 w/encl £
1605th ABW/CES(DE) - 3 w/encl ;
NAVFAC (064) - 1 w/encl :

NAVFAC (PC-2) - w/encl
CINCLANTFLT (J413) - w/o encl

P S e e e B Y . L - el
A e e e e Tt R R T S - DR AT TN Pa . B .

A B T e R S I S S I

¥ SV SV W VL PR VO P R PSSV L PRSP T PO T SV, Y N | acalaiads "u‘;l'- a'-l';.“;i;.‘.'.'-'.'_‘.':'. T T AR




SRR ARt Sl A it e b A muie it S e Aera e o LAACRA AN A CAl I e At a4 ans ao s L RS
BEhtatacat s N N VW T LY W LW T YT D

FPO-1-78-(6)

LAJES FIELD, AZORES
POL PIER
FIELD INVESTIGATIONS AND
RECOMMENDATIONS

C. CHERN
LT J. C. WRIGHT

T

>

MARCH 1978

VW a— r
T 3 .
AN - .

CHESAPEAKE DIVISION
NAVAL FACILITIES ENGINEERING COMMAND
OCEAN ENGINEERING AND CONSTRUCTION PROJECT OFFICE
WASHINGTON NAVY YARD

UNDER JOB ORDER NO. 946997 ~| _1

. LA
T %
S
n . : a1 . ST

* v

Sy Wy

PRSP
nd

— e’ o’ s’ & o




N Bl fudl Saa fof Sag sul ras 2l Y wr
PRI RTINS gt DA Wie th & RANRA AV A Bl Rl Al A R oish ) £ ot il AL QAL a1 o bt SRR yan ol ohecafe:aRer SR e

—

ABSTRACT

In response to requests from Military Airlift Command Headquarters,
results of a field investigation of the POL pier structure at Lajes Field,
Azores are reported. An engineering analysis is generated to support
modification and protection recommendations including repair of fender
system, construction of additional mooring dolphins, or installation of

a single buoy mooring system.
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EXECUTIVE SUMMARY

This report is in response to the tasking of the Military Airlift Command
Headquarters (MACHQ) for engineering assistance to the Civil Engineering

Squadron (CES) on the POL pier at Lajes Field, Terceira Island, Azores.

Tﬁe task includes:

e A field investigation of the POL pier structure,

® A technical evaluation and analysis of the existing
situation,

® A report of recommendations for modification of the
existing POL pier structure to accommodate up to
40,000 DWT tankers.

LT J.C. Wright and Dr. C. Chern of the Ocean Engineering and Construction
Project Office (CODE FPO-1), Chesapeake Division, Naval Facilities Engi-
neering Command (CHESNAVFACENGCOM), carried out the field investigation
between 31 January to 3 February 1978. A briefing of the results of the
field investigation was given at the Command level on 3 February 1978 at
Lajes Field. The findings on the POL pier structure were:

e The original fender system has deteriorated due to
operational damage and biological attack. Repair
and maintenance has been carried out frequently and
at considerable cost.

e The spalling concrete around the pile caps and cracks
along the center line of the concrete deck at the south
bent of the POL loading platform were caused by forces
in excess of the strength of the structural components.

A new fender system was proposed with the objective of transferring the
berthing energy and the impact force from the mooring ships to the loading
platform. The fender system will consist of wooden fender piles, continuous
inner wales and chocks, fender boards and cylindrical rubber cushions. The
system will be fixed at the bottom to the seafloor and at the top to the
loading platform.

The theoretical analysis of the ultimate strength of the existing POL
loading platform structure was performed. The results of the analysis
xevealed that:

e The platform structure does not possess sufficient
lateral load resistance capacity to berth 40,000 DWT
tankers under normal operatin; conditions.
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.~T: e The pile cap pull-out mechanism is the first stage

- failure mechanism of the platform structure under a
lateral force at the concrete deck level. The pile
cap pull-out mechanism will not of itself cause the SO
structure to collapse, but will induce a subsequent Calnlon
failure mechanism to the structure. - -

o The tensile yielding of the top reinforcing bars of
the effective concrete T-beam section will occur following
the pile cap pull-out action. The continuous yielding of

) the top reinforcing bars is the second stage faillure o
mechanism of the structure. It will cause the concrete -
deck to crack along the center line of the platform and -
eventually induce the collapse of the structure. The o
lateral force which causes the tensile yielding of the T
concrete T~-beam is thus the ultimate strength of the B :
structure. R

.9

In view of the structural strength of the existing loading platform in S
conjunction with the persisting sediment accumulation in the Praia Bay .
harbor, two alternative approaches are discussed. One of the altermatives <A
is the loading dolphin system which will require the construction of three S
dolphins to divert the ship impact loads from the pier structure. This S f{
plan will, however, inherit the harbor silting problem as it has been. ~, 1‘ip,_4
T
The other alternative is the installation of a single buoy mooring (SBM) .»1;}}
system outside the breakwater. The SBM system will consist of a circular e
buoy, submarine pipe line, underbuoy and floating hoses. The advantages " .“};
of this system are: R
- ]
e A deep sea terminal for many sizes of tankers s

e A flexible system which can be quickly removed and
relocated

® Reduces or eliminates the harbor entry pilotage and tug
assistance costs

e Eliminates the dredging inside the existing harbor.
® Finally, the following actions are recommended:
(a) Fender System

e Detailed design of the new fender system should be initiated.
- The system shall be designed for T-2 class vessels.

o
. (b) Loading Platform Structure
e Epoxy injection or cement grouting to the concrete
. spalling around the pile caps and cracks in the concrete
- - deck should be performed
i . P
x
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e A feasibility study should be initiated to consider
the future operational and economical requirements of
the POL system. The study shall include, but not be
limited to the following approaches:
--modification of the existing loading platform structure
~-construction of a loading dolphin system

--installation of a SBM system

r -
. .
- hd .
- . ':\
X 0 o
L xi )
}._ -, ». . ‘_
'-'. e ‘.'.'. .
‘».‘.' - ».j_ -
ol v e ¢ o ® o ® o o & @ vy @
" - - - te N
1- T . - ...‘ = -t “..\ t
[ RN, 94 -z;_-\;'._“._;__-.._;'._;.__-‘.\-‘,'.‘,.;_‘_ el e .

- - . . . [
SR SRR ~
S . .-\

RN R - . N N
W Rl G G R . PRI L R T TP SO T R B ) I N 4
TP S SN T VLS LS VL L PR VL TR P AT R PR i




LAREC A EEAAE S i Al Y AP 8 N

CHAPTER 1. INTRODUCTION

1.1 General Statement

The POL Pier Structure described hereinafter was constructed in early 1963
on the northern edge of the Praia Bay, Terceira Island, Azores, Portugal.
Praia Bay is located in the eastern seaward side of the island as shown in
figure 1-1. The bay is a crescent shape surrounded by a clean sand beach
along its shore line. A breakwater extending southward was also constructed
on the eastern side of the pier to protect the POL facilities from direct
exposure to the open sea. Figure 1-2 is the bird's-eye view of the existing
POL pier. The loading platform, shown in the center portion of the pier,

is 200 feet long by 40 feet wide supported by 16" diameter steel pilings.
The main function of the pier is to transfer JP—4 and diesel fuel.

According to the documented records, the pier has deteriorated since its
original construction (see Appendix A of this report). The deterioration
of the pier resulted in the spalling of the concrete around the pile caps
and cracking of the concrete deck of the loading platform. Figures 1-3
to 1-5 1llustrate typical damages of the pier structural components.

Deterioration of the pier also includes general biological attack and
operational damage to the protective fender system. Figures 1-6 and 1-7
show conditions of the fender system in 1973 and late 1977, respectively.
A substantial improvement in the appearance of the fender system has been
achieved. Bowever, repair and maintenance of the fender system bas become
a continuous requirement.

Compounded by the high maintenance costs, inordinate consumption of man-
power at the Civil Engineering Squadron (CES) and the possibility of major
damage occurring to the pier structure or to ships, the Commanding Gemneral
at Lajes Field requested the Military Airlift Command Headquarters (MACHQ)
for engineering assistance.

1.2 Tasking

The Ocean Engineering and Construction Project Office (Code FPO-l),
-Chesapeake Division, Naval Facilities Engineering Command (CHESNAVFACENGCOM)
was tasked by MACHQ to carry out the engineering assistance to the CES at
Lajes Field. The missions of the tasking were as follows:

------
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Figure 1-4 Cracks in Concrete Deck at South End of - .
Loading Platform S
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e An on-site visit by a marine structural engineer

e A technical evaluation and analysis of the existing
situation

e A report of recommendations showing what structural
: modifications must be made to the pier in order to
- accommodate POL and cargo ships of the 40,000 ton size.

Ay I

i The tasking message and the financial support information to this mission
are included in Appendix A of this report.

1.3 Field Investigation

In responding to the MACHQ tasking, an FPO-1 engineering team, consisting
of LT J.C. Wright and Dr. C. Chern, visited the POL pier site during the
I period of January 31 to February 3, 1978. The objectives of the team e
visit were to: R AU

® obtain design and operational data of the pier structure;
e 1inspect the damages of the structural components;

e inspect the existing fendering system; and

e diving inspection of the pilings.

' The list of the pier structure drawings is shown in Appendix B of this
report.

1.4 Findings and Possible Solutions

The findings of the POL pier inspection are as follows:

i (a) Spalling of the pile caps and cracking of the concrete deck
- on the south bent of the loading platform were due to lateral loads
applied in excess of the component strengths.

(b) Original fender system has deteriorated. The pile components
are replaced at highly uneconomical frequencies.

(c) The POL pier appears to be an excellent vertical load carrying
structure, similar in design to a bridge. However, the pier does not

possess sufficient bracing to resist lateral load induced by ship berthing _— j;
motion. Lo
to the cracks. Pressurz grouting will not increase the strength of the TN e
structure but will protect the exposed reinforcing bars and the steel pile e

' The possible solution to item (a) above is to apply cement or epoxy grouting ’ " : j
1

surfaces from environmental corrosion. :
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A new fender system consisted of fender piles with cylindrical rubber ST
fenders is suggested for the possible solution to item (b) above. It BRI
is noted that the principle function of the fender system is to prevent

minor impact and heaving abrasion damage to the ship and/or the pier :
during mooring. The fender system will be designed only to transfer the e
forces from the berthing ship to the piler structure. Hence, the new fender “’"“‘““‘
system will not reinforce or increase the strength of the pier. .
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The possible solutions to item (c) above constitute the major portion of
this report. The suggested plans are: R g

.

oo s

r

Y
R

e Loading Dolphin Approach - The plan calls for the construction -
of three loading dolphins in front of the loading platform to o
resist the impact force from berthing ships. Thus, the
pier structure will be free from direct impact of larger

size ships.

'l' e SBM System Approach - The plan calls for the installation ' ‘ -
of a single buoy mooring (SBM) system outside the break- o
water. The ships will moor to the SBM and then transfer " R
the liquid fuel shoreward through submarine pipe lines. -

In this system, the oil tanker will not use the existing L ‘

i POL pier. Ry

‘}'{‘{ The briefing at the Command level at Lajes Field following the investigation
NP is documented in Appendix C of this report.
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.concrete deck and the cross-section of the platform are shown in figure 2-5.
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CHAPTER 2. EXISTING POL PIER AND ENVIRONMENT RSN

2.1 Introduction

The POL pler consists of a loading platform, four mooring dolphins, traffic . ) _
bridges, and walkways. Figure 2-1 illustrates the general arrangement of RN
the pier system. The bridges to the north of the loading platform are 12 e
feet wide and are designed for HS20-44 truck loading in accordance with
AASHO specification (See Appendix B.l File No. 7571-5782 of this report). BRI EES
The walkways to the south of the loading platform are 5 feet wide and RN
are designed to carry 100 psf uniform live loads. The supports to the . »
bridges and walkways are all 12 3/4" ¢ x 1/2" WT steel piles penetrating

approximately 40 feet into the seafloor,.

Mooring dolphin No. 1 is supported by a steel sheet piling cofferdam with
stone backfill and mooring dolphins Nos. 2 to 4 and the loading platform . 1
are supported by a series of 16" @ x 1/2" WT steel pipe pilings. Both o
the dolphins and loading platform are designed for T-2 class tanker moorings

at 65 MPH wind conditionms.

Fixed wooden pile fender systems are attached to the loading platform and N
mooring dolphin No. 4. The original fender system has deteriorated and o B
the replacement of wood fender pilings has become & continuous operation. % ]

2.2 Subsea Soil Data

Subsea soil data in the vicinity of the POL pier site are available

(See Appendix B.l, File No. 7571-5783 of this report). Figures 2-2 to A
2-4 depict the boring logs of sites Nos. T-3, T-5 and T-8. The approximate o
locations of the boring sites Nos. T-3, T-5 and T-B are shown in figure 2-1.

The seafloor materials in the vicinity of the pier site are composed of

a8 black volcanic sand with a high shell content which gives it a "salt and
pepper' appearance. Based on the results of mechanical analyses of samples RS
taken from boring sites, the materials along the shore and immediate off- -
shore area generally consist of a well-sorted sand with the mediam diameter .
grain size falling predominantly in the range of fine sand.

The sand layer is approximately 40 feet deep. Hard basalt lies thereunder.

2.3 POL Pier Structural Component Strength -

The loading platform is the prime structure of the POL piler system. The
platform consists of a concrete deck 200 feet long by 40 feet wide supported
by a series of 16" @ x 1/2" WT steel pipe pilings. The plan view of the

The wooden fender system is attached to the shipward face of the 60-foot ..
sections on both ends of the concrete deck. :

The structural component strengths calculated in this section are the
basic factors defining the ultimate strength of the loading platform under

11
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. lateral loads induced by berthing ships. These basic factors are the
' pile cap pull-out strength, pile foundation pull-out strength and the
concrete deck T-beam strength under negative moment.

2.3.1 Pile Cap Pull-Out Strength

Figure 2-6a illustrates the pile cap pull-out mechanism. The 16" ¢ pile
is embedded into the concrete beam a distance of 1 foot 6 inches. The
equilibrium condition is:

Pu =T Defey
where Pu = ultimate pull-out force, lbs
) D = pipe pile diameter, inches
_ £ = pipe pile embedded length, inches ’ ) I “

¥ = bond stress between concrete and steel surface, psi

In the absence of reliable data on the bond stress between concrete and
steel surfaces, the allowable stress of 20 psi with a factor of safety

of 2.0 is used to compute the value of Pu (See Reference 4). Appendix Y O
D.l shows the detailed calculation which yields Pu = 36,000 pounds. R
2.3.2 Pile Foundation Pull-Out Strength T
A pipe pile under axial tension is illustrated in figure 2-6b. The ultimate :,i;;f;f'.

pull out force is computed by the following expression: i Y
Qu = 2fi (a A)i . :,:' ‘
where Qu = ultimate pull-out force, lbs ;_ 3
f4 = unit skin friction between sand and the pile steel ;:wnigxliﬁ

surface at depth i, psf
AAi = pile surface area at depth i, sq. ft.

Apﬁendix D.2 shows the detailed calculation of the ultimate pull-out force O g
Qu. It gives . )
Qu = 62,800 1bs. '

It is noted that the pile foundation pull-out strength is greater than
the value of the pile cap pull-out strength. Therefore, the pile will ST
‘fail in the pile cap location prior to tensile failure in the foundationm. &

2.3.3 T-Beam Strength Under Negative Moment

A typical deck beam cross-section of the loading platform is shown in
figure 2-6c. The T-beam consists of a concrete deck 13 feet wide by
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1 foot thick as the flange and a 3 feet wide by 3 feet deep concrete pile
cap beam as the stem. The main reinforcing steel are 5 - #9 bars in the
top and bottom of the beam.

When the T-beam section is subjected to a negative moment, the top concrete
fibers of the beam will be under tension. If the negative moment is
greater than a certain amount, that is, the moment causing the fiber
stress in excess of the concrete tensile strength, the concrete will
crack and loose 1its.load carrying capacity. Under such circumstance,

the T-beam section is transformed into an effective cross-section as
shown in figure 2-6d. The ultimate moment capacity of the effective
cross-section will be governed by either the tensile yielding of the

top reinforcing bars or the compression failure of the concrete in the
bottom surface of the beam. According to the computations in Appendix
D.3 the ultimate strength of the T-beam under negative moment is governed
by the yielding of the top bars. The moment value is found to be

Mu = 424.6 ft-kips

2.4 0il Tanker Characteristics

The length, beam, draft, and the capacity or tonnage of the oil tankers
that will use the off-loading facilities will have a direct bearing on
the design of the approach channel, the pier or the offshore terminal.
These characteristics are shown in Tables 2-1 and 2-2, for U.S. Navy
oilers and representative commercial oil tankers.

Additional ship characteristics of the U.S. Navy oilers such as wind
force and moment can be referred to in reference 1l.

2.5 Environment
The environmental factors of winds, waves, tides and currents can be
found in reference 8 and file Nos. 7571~5785 to 7571-5791 shown in

Appendix B. The following abstracts are from these references.

2.5.1 Winds

The prevailing winds are southwesterly and northwesterly. Those of greatest
velocity approach Terceira Island from the Southwest. Winds from the nmorth-

east through southeast create waves which enter Praia Bay and find their

way to the beach. Hurricane winds have been observed with a maximum velocity

of 80 MPH for a duration of 2 hours. Gusts have been recorded as high as
86 MPH.

2.5.2 Waves
Waves from the easterly direction, to which Praia Bay is exposed, seldom
exceed 8 feet, and in most instances average 3 feet or less in height.

During storms, however, the greatest waves come from the southeast and
are generated by storms from the south. Waves of 18 feet in height with
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, the period of 9 to 11 seconds were recorded during winter of 1955 at the
o old breakwater in Praia Bay. The duration of these 18-foot waves was
’ approximately 12 hours. Information on storm waves indicates that wave
heights at the new breakwater during the storm of December 1962 were
estimated to have reached a maximum of 25 feet. The wind velocity during
this storm was of 25 to 40 knots east winds,

2.5.3 Tides

Tides in Praia Bay are semidiurnal with a mean range of 3.7 feet, and a
spring range of 4.9 feet. Highest high water is 5.0 feet above mean low
water and lowest low water is 1.7 feet below mean low water.

Strong east winds tend to increase the tidal height in Praia Bay, while
strong west winds will tend to reduce it. Information on the frequency
and amplitude of storm tides are not available.
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- 2.5.4 Currents

Current measurements were performed inside Praia Bay. The results
indicate that there is a clockwise rotation of water in the northern
section of the bay. The currents are relatively constant with depth
and no appreciable change in direction with depth. Current velocities
inside the bay vary from 0.00 to 0.80 knots with the maximum velocity
to the southeast end of the bay.

’ “. . . .

2.6 Harbor Soundings

il The harbor soundings in the vicinity of the POL pier are shown in figures
2-7 and 2-8 which were surveyed in 1970 and 1977, respectively. A direct

comparison of the seafloor elevation at a specific location can not be

obtained from these two sounding diagrams. However, an approximate 300

feet wide by 35 feet deep approach channel to the POL pier appears to

g be properly maintained throughout this period.
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Figure 2-8 Praia Bay Harbor Sounding in 1977
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CHAPTER 3. FENDER SYSTEM

3.1 Introduction

The new fencer system proposed in this section will be attached to the
shipward sice of the two - 60 foot sections of the loading platform,
The system in each slde of the platform will consist of a group of
twelve vertical wood pilings, two continuous horizontal wales with
chocks, two fender boards and two cylindrical rubber fenders. Figure
3-1 fllustrates the general arrangement of the proposed fender system,
the side view and the front view of the proposed system are shown,
respectively, In figures 3-2 and 3-3.

As shown in the figures, the wood pilings will be driven at least 10
feet into the seafloor. The upper end of the pilings will be fastened
to the continuous horizontal wales at EL. (+) 10'-0" and EL. (+) 2'-6"
measured from the mean low water, respectively. Chocks will be bolted
to the wales to prevent pilings from rolling.

Two 12 feet by 12 feet fender board, shown in figure 3-1, will be
fastened to the pilings to serve as reaction surfaces to the cylindrical
rubber fenders,

Structural members of the proposed fender system were arranged by
basing upon the material specification which follow:

(a) Wooden Fender Piles
e Class II treated southern pine or douglas fir

e Limiting flexural stress of the extreme fiber in temnsion
is at 1,750 psi

e A nominal 12-inch diameter wood piling will have approximately
18-inch in diameter at the end section of the piling

(b) Cylindrical Rubber Fender
@ SEA CUSHION 4'¢X7.4'R rubber fender or equivalent

The calculations regarding to the energy absorption and impact force
transferring function of the fender system are compiled in Appendix D.4
of this report. It is noted that the computed maximum lateral reactions
_ at both ends of the pilings are limited by the flexural stress of the

3 extreme fiber in tension. The reaction forces at the lower end of the

“ piling were used as the base to define the pile penetration requirement.
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3.2 Pile Penetration Requirement

Main factors determining the penetration requirement of the fender pilings
are:

o pile end lateral reaction force
e seafloor scouring around the piling

The calculated maximum reaction at the lower end of the fender pile is
approximately 2,200 1bs per pile. According to the design curve for

12"9 pile under lateral loads, as shown in figure 3-4, the required
penetration is 3.5 feet. The calculations of the pile lateral resistance
capacity in sand is shown in the Appendix D.5.

In the absence of reliable data for determining the effect of local scouring
at the POL pier site, a depth of 6 to 7 feet of scouring around the fender
pilings is assumed. The total penetration requirement of the fender

pilings is at about 10 feet. It is noted that & minimum of 10 feet pene-
tration is annotated in figures 3-2 and 3-3.

3.3 Pile Driving Resistance

In order to drive the pilings to grade, the fender pile driving resistance
curve was derived as shown in figure 3-5. It is noted that the axial
resistance of a 12"® pile at 10 foot penetration in sand will be approxi-
mately 25,000 1bs.

Pile driving resistance computations are compiled in the Appendix D.6.
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Figure 3-5 Fender Pile Driving Resistance in Sand
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CHAPTER 4. LIMITING STRENGTH OF EXISTING ~g3,5..::-
POL LOADING PLATFORM e

4.1 Introduction

The structural strength of the existing POL loading platform is evaluated
in this section. In the process of structural analysis, the platform
structure is approximated by a series of plane frames spaced evenly along
the longitudinal axis of the platform. The plane frame structure consists
of a horizontal concrete T-beam and four steel pipe columns. Two exterior
columns are vertical and two interior columns are inclined at 2.5 to 1
slope in an opposite direction. The four columns are embedded into the
T-beam stem. Section A-A in figure 2-5 illustrates the beam-to-column

connection of the plane frame. The four columns are assumed pinned at »f‘ri -
the mud-line. A horizontal load is applied to the frame at the concrete e
deck level. R

4.2 Pile Cap Pull-Qut Mechanism

When the horizontal load P; 1s gradually applied to the plane frame,
the structure will deflect accordingly in the direction of the applied S
load. An exaggerated deformed shape of the plane frame is shown in figure s
4-la. Due to the deflections of the two interior columns are in the . LB 11
opposite direction, the concrete T-beam will be forced into a double- SRR
curvature deformation. As shown in this figure, the critical condition

is at point C (or C') where the concrete T-beam is under positive moment

and the steel pipe column is under tension. The maximum pull-out resistance
of the column is 36,000 1lbs (see § 2.3.2). The corresponding strength of
the horizontal load P; is found to be

el ook

P, = 27,000 1bs.

The structural analysis of the plane frame failed by the pile cap pull-
out mechanism is included in Appendix D.3.

4.3 T-Beam Failure Mechanism

After the pile cap has been pulled out, the concrete T-beam will transform
into a single curvature deformed shape, as shown in figure 4-1b. Under

such circumstance, the concrete T-beam at point D location will be subjected
to a negative moment. It is noted that the negative moment capacity of the
T-beam is 424.6 ft-kips as discussed previously in §2.3.3.

The horizontal force P;, limited by the tensile yielding of the T-beam
strength is

l Py = 39,400 1bs.
{ Appendix D.3 also compiles the structural analysis of this case.
f o
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4.4 Berthing Velocity Limitation

i
L
<
J
.4
P

The possible failure mechanism of the POL pier due to the impact loads
of the berthing ships may be summarized as follows:

(a) Fender System

s

o Fender pile bending failure

e Lateral load resistance failure at the lower
end of the piling

o

() Loading Platform Structure
e Pile Cap pull-out failure

l o Tensile yielding of the concrete T-beam under
: negative moment

In order to prevent the above mentioned failure mechanisms from occurring to
the POL pier structure, the limiting berthing velocity of ships is derived.

The kinetic energy for ship to jetty or quay service is calculated from
the following relationship:

cg W V2
=

E =

where E = the kinetic energy absorbed by the pier system
Cp = berthing coefficient, 0.5 (see references 6 and 11)
V = berthing velocity
g = gravitational acceleration
W =Wa+ Wb

Wa = added mass tonnage

f Wb = actual displacement tonnage at the time of berthing
. operation
In most cases, the added mass tonnage can be approximated as 602 of the
. actual displacement tonnage, or
" .
) Wa = 0.6 Wb
| e
A ]
! 36
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Thus, the energy equation may be rewritten in the form:

E = 0.4 Wy, V2/g

or v = 360 fE/W

Where E = kinetic energy, ft-kips
Wp= actual tonnage, long-tons
V = berthing velocity, ft/min.

Figure 4-2 is the graphical illustration of the berthing velocity limi-
tations for the POL pier at different water levels. The calculations in
support of this figure are compiled in Appendices D.4 and D.7. It is
noted that the solid lines shown in figure 4-2 represent the limiting
strengths of the POL loading platform structure and fender system. A
factor of safety should be imposed to the limitations for daily operation.
For example, the factor of safety of 1.5 is imposed on the ultimate
strength curve at EL. (-) 2'-0" water level, the allowable berthing
velocity for a half-loaded T-5 tanker (26,000 L.T.) should be 10.4 ft/min,
as illustrated in figure 4-2.

4.5 POL Pier Design Factors

Table 4-1 summarizes the design factors of the existing POL bier at

Lajes Field, Azores and those required by the Naval Facilities Engineering
Command (NAVFACENGCOM). It is noted that the existing POL pier does not
conform to the NAVFAC design requirements.
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CHAPTER 5. ALTERNATIVE APPROACH I
-~LOADING DOLPHIN SYSTEM

v
VRN

3.1 Introduction

The main concept of the loading dolphin system is to construct three
lateral load-resistant dolphins to prevent the loading platform from
direct contact with the berthing ships. Figure 5-1 depicts the proposed
system. It is noted that the system shown in figure 5-1 is similar to
the POL Pier Modification originated by the Army Corps of Engineers, i L
New York District in June, 1966 (See Appendix B.2). The added dolphin ‘“~“~"i{}
(No. 3) 1is for the accommodation of the T-5 class tankers. co

R .FT_'W'
o RN

5.2 Loading Dolphins

Lateral load-resistant dolphins will be subjected to impact loads at ' o
water line level induced by the berthing ships. Hence, the functions 7000000
of the dolphins will be to resist the horizontal impact force and the
corresponding overturning moment. Depending on the methods of counter-
balancing the applied loads, the following two types of dolphins may be
constructed in this system.

5.2.1 Friction Resistance Type Dolphins

Figure A-3 of Appendix C, illustrates the basic components of the friction
resistance type dolphins. Steel sheet pilings will first be driven to the
rock bed to form a cofferdam and then filled with stones. A hung fender
system above the water level will be attached to the dolphin.

The horizontal load applied to the dolphin will be resisted by the friction
force between the sand surfaces at the cofferdam base level. The over-
turning moment will be counter-balanced by the gravity of the backfills.
Appendix D.8 compiles the calculations of the approximate size of the
dolphins for berthing T-5 class tankers.

5.2.2 Energy Absorption Type Dolphins

The energy absorption type dolphins are commonly constructed of steel H-shapes
or pipe piles to form a space frame to resist the lateral load and the over-
turning moment. A typical profile of the dolphin is shown in figure A.4 of
Appendix C. As shown in this figure, the vertical member will be driven
through the sand layer to penetrate into the bed rock. The penetration into
the bedrock will require drilling and grouting in the constuction process.
Similiarly, an inclined member will also be installed to grade. These two
members will then be connected at the top ends by means of a special linking SO
mechanism so that the vertical member will be subjected to bending only. A 3
completed dolphin will consist of at least a pair of the frames shown in
figure A.4 of Appendix C and a hung fender system.
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CHAPTER 6. ALTERNATIVE APPROACH II
—~SINGLE BUOY MOORING SYSTEM

6.1 Introduction

The single buoy mooring (SBM) system was introduced into offshore
industries about 20 years ago. The first SBM system was designed for
35,000 DWT tankers moored at approximately 100 feet water depth. As
tanker sizes increased rapidly, existing berthing facilities proved
inadequate. That was the big opportunity for SBM to develop. Today,
SBM's are installed which can receive tankers up to 750,000 DWT.

The SBM system, as shown in figure 6-1, basically consists of a
circular buoy with a diameter varying from 30 feet to 50 feet, anchored
to the seabed by means of four, six or eight chain legs and fixed to
the bottom either by conventional anchors, driven piles or drilled- _ )
in piles. 2.

On top of the buoy, a turntable is mounted on a roller-bearing allowing

a 360 degree rotation. This turntable is fitted with pipings, valves,

mooring arm, floating hose connections, navigation aids and, in most LT
cases, lifting equipment. ST

The center of the buoy body houses the central swivel essential for R
fluid transfer between fixed and rotating parts of the buoy. e
Usually, the bottom connection to the pipe-line manifold is made by one :'fl;[i
or more hose strings. Floats are fitted to the underbuoy hose strings A
to obtain a smooth curve between pipe-line end manifold and the buoy. 1

The tanker is moored to the turntable mooring arms by thick nylon ropes.
01l transfer is by way of one or more floating hoses.

It has been proven that large tankers have an economic use superior
to that of their smaller counterparts. However, proliferation of
large carriers was rendering many of the world's traditional ports

. obsolete. It was also causing public concern because of hazards

'f to port facilities and pollution risk. These unfavorable factors may
be future critical problems for the POL pier at Lajes Field.

. The tentative arrangement of the proposed SBM system at Lajes Field
is shown in figure 6-2. The buoy will be anchored to the seabed at
approximately 1 to 1 1/2 mile outside the new breakwater. A submarine
pipe-line system will be installed to connect the buoy and the existing
;o onshore piping system. The reason for the submarine pipeline to come S
o . .onshore at the northern end of the breakwater is to avoid the possible A_f'j{_f
N conflict with future extension of the breakwater southward by other &
planners. LT
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The proposed SBM system will possess the following distinct features:
® A Deep Water Terminal

As the tanker is moored to the SBM system, the ship will have a stern
swing radius of 1,500 feet where the water is at least 100 feet deep.
The system also provides a 5,000 foot radius of tanker maneuvering
area at a minimum of 60 feet water depth.

-

e A Safe, Secure "Weathervane-Type" Mooring

A tanker moored to an SBM terminal is secured with bow lines only and

is free to rotate around a 360-degree arc, like a weathervane, always
heading into the wind, sea and current. The tanker and terminal are not
subject to the environmental forces and contact imposed on a tanker
rigidly secured to a pier.

e A Flexible Installation

The SBM system can be installed at almost any point off any coastline
or in any navigable water, It can also be relocated should the need
arise.

® Reduces or Eliminates Pilotage and Tug Costs

Tugs are not required for berthing vessels to an SBM system. By
eliminating conventional harbor entry and mooring arrangements, tanker
handling costs are reduced.

® Reduces or Eliminates Maintenance Costs on Existing POL
Pier

The operation of the existing POL pier at Lajes Field will involve
continuous efforts on the maintenance of the fender system, complicated
and expensive modifications of the loading platform structure, and
expensive dredging of large amounts of sediment inside the harbor.

By installing the SBM system, the maintenance costs on the existing

POL pier will be reduced considerably.

6.2 SBM System Components

6.2.1 Buoy
- The buoy is the core of the SBM system which keeps the whole structure
., afloat. A field trip was made by LT. Wright (FPO-1) to investigate
vd .the condition and availability of the Government owned buoy for
F. possible use in the SBM system at Lajes Field, Azores. The findings
- are:
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¢ There are two buoys on the west coast which are part of the
Consolidated Equipment Support Office (CESO) inventory.

e One of the buoys is made of steel by J. Ray McDermott.
The buoy 1s in excellent condition and currently located at
Port Hueneme, California. Figure 6~3 shows the buoy
stationed on shore. The buoy weighs 150 tons, A complete
inventory of chain and anchors is available.

e The other buoy is also made of A36 steel by IMODCO but weighs
approximately 113 tons. Figure 6~4 shows the components of
the buoy. The buoy is located in water at Coronado,
California. The buoy is in good condition and can be up-
graded with new teflon bearings in the swivel connection.
CESO 1indicated that this buoy 1s the most eligible for turn-
over to USAF,

4

AR

6.2.2 Anchor Chains L8]
T

The SBM terminal adopts a multi-chain system to effect anchoring of
buoy body. Normally, a four-point or a 6-point mooring has proved
stable.

To a great extent, the number of chains determines a SBM. Thus as the
amount of chain increases, buoy size will have to be increased in order
to bear the extra weight. In order to minimize wear which is brought
about by wave action, the chains are pretensioned with a load between
10 and 25 tons.

The principle of SBM's anchorage system is based on an equilibrium
relationship between chain weight per unit length and excursion. More
specifically, when a mooring force is applied, the buoy will move side-
ways, thus lifting a certain length of chain off the seabed. When
weight of 1ifted chain is sufficient to balance the mooring force a mew
equilibrium is found, and no further excursion occurs until the load is
changed. 1In order to prevent the chain from coming to a fully tensioned
position, causing shock loads and possible breakage, the chain length
should be sized so that it remains on the seafloor under the maximum
excursion at the maximum design load.

Conventional anchors, gravity anchors, driven piles, and drilled-in
piles all have been used as the chain anchor points.

6.2.3 Submarine Pipeline and Risers

These shall be designed, constructed and installed to provide the
_greatest possible fuel throughput.

6.2.4 Pipe-Line-End Manifold (PLEM)

The PLEM 1s connected to the end of the submarine pipeline and secured
to the seafloor by either driven piles or drilled-in piles. The PLEM
"_b and buoy are then connected by flexible underbuoy hoses.
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.%f. CHAPTER 7. SUMMARY AND RECOMMENDATIONS

7.1 Summary

The engineering evaluations of the POL pier fender system and loading
platform structure at Lajes Field, Terceira, Azores are summarized as
follows:

e A new fender system 1s needed to replace the original fender
system which has deteriorated due to operational damage and
biological attack. A fixedwoden pile fender system with
cylindrical rubber fenders will improve the energy and force
transferring function of the POL pier system. However, a
new fender system will contribute little to the reinforce-
ment of the pier system in accomodating up to 40,000 DWT

l tanker operation.

e Spalling concrete around the pile caps in the south bent
of the loading platform were due to the tensile force in
the piling in excess of the bond force between the pile

i surface and the concrete. The pile cap pull-out mechanism

i represents the first stage failure of the platform

.. structure subjected to a lateral load applied at the concrete
v deck level. The result of this failure will not cause
R the structure to collapse. However, the additional load

o beyond the first stage failure load will be transferred

oY to the concrete deck beam and eventually will cause the

. beam to fail.

® Cracks in the south bent concrete deck along the longitudinal
axis of the loading platform were caused by the negative

. moment acting on the effective T-beam section of the concrete

= deck beam in the mid-span location. A continuous yeilding

. of the top reinforcing steel of the concrete deck is the

second stage fallure of the platform structure, The yield

strength of the concrete T-beam under negative moment

is the ultimate strength of the platform structure,

® Epoxy or cement grouting of the concrete spalling and
cracks will not increase or reinforce the strength of the
existing platform structure. However, the grouting will
prevent the deck reinforcing bars and pile cap steel sur-
faces from environmental corrosion.

: e The existing platform structure does not possess sufficient
e . lateral load resistance capacities for tankers in the

40,000 DWT size to operate under normal berthing conditionms.
To increase the structural strength of the loading platform,

the attention shall be in the preventation of the pile cap
pull~out mechanism and the reinforcement of the effective

T-beam section of the concrete deck.

-
. "
w‘ ."
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One of the alternatives to a structural modification of

the pier is the construction of three dolphins to divert

the ship berthing energy and force from the loading plat-
form. This approach appears to require less initial capital
investment. However, the maintenance of a ship approaching
channel and the turning radius inside the harbor will be
continuous expensive operation.

The Single Buoy Mooring (SBM) system approach is another
alternative. The SBM system will require the installation

of an off-loading buoy and submarine pipe line outside

the breakwater. The systems requires a relatively high
initial capital investment, However, the convenience of
tanker off-loading, accommodation of tankers up to 200,000 DWT
sizes, and near trouble free maintenance of the system may
have a long range benefit as compared with the others.

Recommendations

The recommendations for the future work on the POL pier system are:
(a) Fender System

¢ Design a new fender system to accomodate T-2 class tankers

or C-2 class cargo vessels.

(b) Platform Structure

® Repair spalling concrete and tension cracks with epoxy

or cement grouting.

Conduct a feasibility study to consider the operational
and economical aspects of the POL system for tankers up
to 40,000 DWT size and possibly up to 200,000 DWT sizes.
The study shall include, but not be limited to, the
following approaches:

--reinforcing the existing platform structure

--constructing a loading dolphin system
--installing a SBM system
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Project Correspondence *i‘]ifi

This section contains three messages:

® Request of Assistance on the Structural Evaluation
of the POL Pier (HQ MAC Scott AFB IL/DEM 132030Z Jan 78)

e Tasking Statement from MAC HQ

¢ Funding Information (1605 ABW Lajes FLD AZ 2514302 “]1"3
Jan 78) 5
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R 1322307 JAN.T8. ' . m
'RI K9 MAC.SCOTT. AFS 1L/DE! i
TO RUSBJHA/CHESNAYFACENGCOM WASH DG &
/™0 RILSSAA/CONDR ‘NAVFACENGCOM ALEXANDRIS:
“\_JDLAAR/16528Y LAJES FLD AZORES/CODE. 2 |
FUEDLFA/CINCLANT NRUA/IALS |
INCLAS
SBEJ: STRUCIURAL INESTIGATION OF POL PIER, LAJES FLD
1. REF 12 JAN 78 TELECON BETYEEN YOUR QUOR ERGAUL AN OIR UR,
VEISSERT IN VHICH WE DESCRIBED VARIOUS STRUCTURAL PROBLENS CIR-
RENTLY BEING EXPERIENCED AT LAJES FID. SPECIFICALLY, THE PROBLEM ___
IWOLVES STRUCTURAL DEFICIENCIES AND DAYFSE TO THE POL PIER 10CATED =
IV PRATA HAFBOR, THE CONGRETE DECK AN STRUCTURAL OORGREIE ARE o
" SPALIING. “THE FENDER SYSIEM INCLUDES VERTICAL WOOD PILIISS FDJACGENT
T0 THE CONGRETE PIER VHICH ARE CONTINALLY SUBJECIED TO DSIAGE.

PO I

<
a

.| 2. WE UNDERSTAND YOU HAVE PERSONNEL WITH MARINE STRUCTLRAL ;.E
% ENGINEERING EXPERTISE AND ARE WILLING TO PROVIDE US WITH TECHMICAL ..
ASSISTANCE ON AN INEDIATE BASIS.  ACCORDIISLY, REQUEST THE o
- .. FOLLOVING: K
g 2
- _ PAGE 82 RUCIMAASS5]1 UNCLAS e
- " A.- AN ON-SITE VISIT BY A MARISE STRUCTURAL ENGLISER, o
{  B. A TEGINICAL EVALUATION AND ANALYSIS OF THE EXISTLMG SITU~
r - ATION, ‘

- C. 'A REPORT OF RECOMAENDATIONS SHOYING WHAT STRUCTURAL
: '\ ODIFICATIONS MUST BE MADE TO THE PIER IN ORDER TO ACIORAGDAIE
FOL AND CARGO SHIPS OF THE 42,223 TOMN SIZE, -
h 3. REQUEST THE ABOVE TECHNICAL ASSISTANCE BE FROVIDED AT THE
{ EARLIEST POSSIBLE TIME. ASSUMING YOU CAN FULFILL THE REQUSSTS
. - CONTALMSD IN PARA 2 ABOVE, WE WILL tIAKE ARRANGEMENTS TO HEVE OUR
= - MR. WEISSERT (AUTO 638~3967/2742) MEET VITH YOUR REPRESENTATIVE
- QI SITE. YOU SHOULD MAKE ALL TO AND FROM TRANSPORTATION ARRENGE-
MENTS FOR YCUR REPRESEMTATIVE. ARTA CLEARANCE SHOULD BE OSTALIED
18} USAF FOREIGH CLEARANCE GUIDE, ON EASZ V0D ACCORMDATIONS ARE
AVAILABLE.
. 2, IT IS OUR UNDERSTANDING THAT GHARGES FOR THL ABOVE REQUESTED.
- SCRVICE FOR A PERIOD OF UP TO TW0 VEEKS WILL BE ON A REINBIRSA3LE
EASTS AMD WILL NOT EXCEED $5,628. ACCORDINGLY, THE
' 1675 A3YW AT LAJES WILL ISSUE A MILITARY IMTERDZPARTHENTAL PLRCHASE
FZQUEST (MIPR) IN THIS AMGUNT WHEN PLANS ARE FIRM, .
FOR 1635: VE VILL FUANISH THESE FUNDS TO YOIR K35,
B 13263QZJAN7BDO
£5651 '

isepasie  LANTDN - FoR. cmA21B, Pauc DA

L‘-‘—A ‘-J-AP_A-AL'A'A’A'_A’A‘_A -------- T P A RS

J‘JA.‘.LA_}'_A " P A PP T A T P A Lt el
L AR .

......
A tatatatat

,,,,,,,,,,
,,,,,,



- - - - ot et 0 S ded et At et At A et it ol SR AL SAALTE X Jol Ak Sl
P T T D P T T P P VL T o TR N <, R it A lal Sufl 8 BUN TV S BT RTRTRERTE RS N -

Yo e ‘ S
- ! - DEPARTMENT OF THE AIR FORCE R
‘ H _— HEADQUARTERS 1605tk AIR BASE WING (MAC) .

o l : APO NEV YORX 09406
o i

LR AL

::_1 ) ::-::: P2 DL . i

L[ AR

suaicr  Praia Port POL Pier

vo MAC/DE

1. Construction of the Praia port POL pier was completed in early 1963.
The pier was constructed to accommodate a T-2 tanker (length - 524 ft.,
displacerent 21,800 tons) moored with a 65 mph wind acting on the tanker
and bertaing with a normal component of approach velocity of 15 fpa. Due
to a grueral increase in the size of current ships, ships as large as
A0143 ciass tankers (length - 656 ft, displacement 38,000 tons) are now S C
uvsing the port. (Note: Other ship specifications also relate to the #ffect Lo e
on the pier by the ship. Length and displacement tonnage have been shown .. .
caly for comparison.) The pier has deteriorated since its original con- Lo
struction thus reducing the structural capacity of the pier by an undetermined
anount. The harbor area is relatively exposed, also the actual impact
berthing velocity is suspected to be considerably greater than 15 fpm BRI
due to exposure conditions and operational limitations. Thus, due to the AR
increase in ship size, deterioration of the pier, exposed location, and .
poscible higher berthing velocities, the pier's capability to meet oper- o
ational requirements is subject to question.

2. Deterioration of the pier includes general biological attack and
operational darage to the protective fender systea and operational dansage,
corrosion and patterned deterioration of the piler structure itself.

a. Deterioration of the fender system is due to blological attack
of the tirber piles and berthing and mooring operations causing impact
loading, cyclic loading, and friction on the timber members. Within a e
sliort tize after original construction, such damages necessitated repairs ot Tl
which resulted in reconfiguration of the entire timber portion of the fen- ' e
der system. The fender system originally consisted of vertical timber A
piles, rigidly connected by horizontal chocks and whales with rubber blocks
botween the timber members and the concrete deck of the pier. To facilitate
repairs in limited periods of time and during adverse weather conditioms, SIS
the horizontal chocks and whales were supplemented and eventually replaced 2
by continuous timber poles on both sides of the replacement vertical piles PR, o
with cable connecting the timber members. This reconfiguration has not
s:gnificantly reduced the energy absorption capacity of the fender systea
since the timber members absorb an insignificant amount of energy relative
to the encrgy absorption of the rubber blocks. However, the fender system
in its present configuration is more susceptable to damage from oscillatory 1
wotions of a moored ship. Such damage consists of the vertical timber SRPRRCN
piles working out of the harbor bottom, sawing of the timber members by the Coe e o]
cables, and splintering of the timber members near their ends due to com-
pression and torsion. This damage increases maintenance and repair.
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b. Deterioration of the pler structure consists of: 1imited corrosion
of the stecl piles which support the pler, structural cracks in the concrete
deck and concrete beams which have resulted from at least one major accidental
ship impact, corrosion of reinforcing in the concrete deck and concrete beams = ... .-7
due to the cracks and marine atmosphere, and patterned spawling of the concrete e
around the ship-side center pile of each bent in the south section of the K J
loading platform. Each component of this deterioration may have reduced the
capability of the pier to withstand loads imposed by berthing or moored ships.

Additionally, the patterned spawling indicates a possible over-stressing of
the pier, which in view of the increased size of ships utilizing the pler, is ST
highly probable. S e

3. Repair of the fender system has become a continuous operation, Fifteen

to forty timber piles are used each year depending on weather conditions and

harbor operations. Forty new timber piles arrived at Pgaia Harbor on 28 Nov 77.

Tnese are being used to replace significantly rotted and damaged timber

meabers. Approximately 25 of the piles are needed mow and the reaainder will

be uscd as required. Each pile costs $650.00. An average of 1250 MH per year L]
has been expended each year for the past three years. This equates to the

equivalent of a complete fender systea (timber portion) replacement on an

average of every three years.

4. Repair and maintenance to the pler structure nov underway consists of ST
Al 77-0080, Corrosion Cortrol POL Pier; AZ 77-0079, Replace Floodlights and = .
Hondrails POL Pier; and AZ 76-0031, Install Ancde Beds. Projects AZ 76-0031

and AZ 77-0079 will prevent corrosion of the supporting steel piles which

will prevent further structural deterioration of the steel piles,

5. My engineering staff has been tasked to study the possibility of install- :

ing 2 new fender system which will reduce maintenance and increase the energy L4
absorption capacity of the fender systea to a level commensurate with present

operstions. However, an extensive structural analysis of the pier is required

to deterzine the capacity of the pier structure. I question whether the pier '
structure has the capability to meet present operational requiresents even ¥

with a new, irproved fender system. This evaluation is required immedistely ‘

duc to extremely high maintenance costs, the impact on Civil Engineering, - 8
and the possibility of major damage occurring to the pier structure or to

ships. The pier is critical to the U. S. Forces, Azores operations.

6. Additionally, as s matter of information, the Portuguese Government is

planning extensive construction in the Praia Harbor area, including the :
possibility during a second phase of construction of extending the pler. . O
Plans indicate initial construction will begin in late 1978, although we

have nothing that would suggest that this date would be met,

7. For the present, we are requesting your support in obtaining engineering
assistance to evaluate the structural capacity of the Praia Port POL Pier,

‘inclusive of its fender system. The evaluation will require expertise in g

marine structural engineering.
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8. 'The attached photographs, narrative of the photographs, and drawing
of the pier further describe the existing conditions.

RICHARD T. DRURY, Brig Gen, USAF 3 Atch
Commander 1. Narrative of Photographs
2. Photographs (24 ea)
3. Drawing 88-01-03,
Sheet 19 of 38 w/comments

Cy to: MIMC
TTGE
Rotterdaa, Netherlands
APO New York 09159

. . . R A T AR PSP T
..... LRSS . P I A S AT

et e a o Cndemda nada S Al el s Sa At

‘L‘"L‘ ‘L"L‘L ‘.A—’




LALARA t S b
‘ . s .

-y
it e

Podbar avte St dasee Bt aneds aroy 2 RIS 2o s s o

NARRATIVE OF PHOTOGRAPHS

DESCRIPTION OF PHOTOGRAPHS BY PHOTOGRAPH NUMBER

1. Cracks in concrete deck at south end of loading platform., Cracks
appeared after ship impact in 1972, and were surface epoxy grouted
afterwards. Cracks extend through deck (See photos 4,6,8,9 § 10).

2. Cracks in south end face of loading platform. (Point of ship impact
described in photo #1.) Note: Rust and salts leaching from cracks.

3. Spalled concrote around ship-side center pile in bent #1.

4, Cracking in concrete deck, between bents 1 § 2 and in bean of bent &3,
S. Spalled concrete around ship-side center pile in bent #2,

6. Spalled concrete around ship-side center pile in bent #3, and cracking
in deck between bents 2 § 3 and in beam of bent #3. Note: Extensive rust
and salts leaching from cracks, and difference in condition of concrete at
piles,

7. Spalled concrete around ship-side center plle ia bdent #3. Limited
corrosion of steel pile.

8. Spalled concrete around ship-side center pile and crack in beam of
bent #4. Note: Difference in condition of concrete at piles and rust
and salts leaching froa crack.

9. Spalled concrete around ship-side center pile of bent #4 and cracking
in deck between bents 4 § 5 and in beaa of bent #4. Note: Rust and salt
leaching from cracks.

10. Cracking in bottom side of concrete deck bDetween bents 4 l S. Note:
Rust and salt leaching from cracks.

11. Spalled concrete around ship-side ceater pile of bent #S. Note:
Sections of concrete ready to fall.

12. Spalled concrete around ship-side center pile of bent #5. Note:
Section of concrete ready to fall. :

13. Typical bent in center section of loading platform is in good conditiom.
14. Bents in north section of loading platform are im good condition.

15. Limited corrosion of typical steel pile.

16. Deteriorated protective timber pile cluster at north end of loading

platform. Note: Deterioration at water line. (Also mote: Arrangement
of steel piles as reference for photos 1 through 14.)




..........

17. Same as photo #16 - closer view. g

18. Deteriorated protective timber pile cluster at south end of loading
platform. Note: Deterioration at water line. (Also note: Cracking and
spalling of concrete described in photos 2 § 3 and arrangement of steel
piles as reference for photos 1 thorugh 14.)

19. Same as photo #18 - closer view.
20. Present configuration of fender system along loading platform.

21. Same as photo 20 - side view. Note: Cable used for connecting
timber menmbers. )

22. Deteriorated and disconnected fender tie back chains used in original
configuration of fender system.

23. Sawing of horizontal timber member by cable movement and splintered
ends of vertical piles.

24. Penders on south mooring dolphin. MNote: Closest face of mooring
dolphin is still protected with original construction fender systea (this
is tho only remaining portion of the original fender system).

PSS VAN Y W




NOTES ON PHOTOGRAPHS :

1. Spalling of concrete around piles exists at every ship-side center
pile of each bent in the south section of the loading platform. (These
piles act in tension during applied ship forces.)

2. Spalling of the concrete is non-existant in the center section, which
does not receive forces from ships, and in the north section.

3. The large section of concrete dislodged at the ship-side center pile
of bent #5 (See photos 11 & 12) indicates spalling is not occuring due
to weathering or poor quality concrete but rather due to excessive struc-
tural movements. Also, spalling has not occurred anywhere else on the
pier.

4. The cracking, running generally parallel to the longitudinal axis

of the loading platform which resulted from the ship impact in 1972,
coincides with the center piles which have not experienced spalling

of the surrounding concrete (See photos 4,6,8,9 & 10). This indicates
the ship impact of 1972, negligibly affected the spalling of the concrete
around the ship-side center piles of bents 1 through S.
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APPENDIX B

POL Pier Structural Drawings

B.1 Lajes Field Waterfront Improvement Drawings
The as-built drav&ings of the Lajes Field Waterfront

Improvement, Lajes, Azores supplied by the Civil Engineer
Squadron (CES) at the Lajes Field are tabulated as

follows:

U.S.Army Engineer District, Eastern Ocean
Corps of Engineers
New York 13, N.Y.

Record Work As Built May 4, 1964

File No, Sheet No, Title

7571-5781 1 Location Plan & Drawing Index
-5782 2 General Arrangement
~-5783 3 Borings t# Seismic Exploration
-5784 4 Boring Logs
~-5785 S Meteorological Data
~-5786 6 Tide,Sea and Swell Conditions
~-5787 7 Observed Tide and Sea Conditions

.o -5788 8 Current Survey

-5789 9 Wave Record
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File No, Sheet No, Title
7571-5790 10 Refraction Diagrams
-5791 11 Refraction and Diffraction Diagrams
-5799 19 POL Pier-General Arrangement
~ -5800 20 POL Pier-Bridges & Walkways
-5801 21 POL Pier-Pump House & Foundation
-5802 22 POL. Pier-Loading Platform
-5803 23 POL. Pier-Concrete Details
-5804 24 POL Pier-Mooring Dolphins Nos.1&2
-5805 25 POL Pier-Mooring Dolphins Nos. 34
and Walkway Supports
-5806 26 POL Pier-Miscellaneous Details
52 Ve
T
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B.2 POL Pier Modification Drawing

CES of the Lajes Field supplied the following

drawing relative to the POL Pier modification:

U.S.Army Engineer District, New York
Corps of Engineers
New York 3, N.Y.

30 June 1966

File No _Sheet No, Title
- - Proposed Modification to POL Pier
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S APPENDIX C
) Field Investigation Briefing
The notes documented herein are those presented to
the officers at the command level in the Lajes Field on
3 February 1978.
C-1
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‘POL Pier Field Investigation Briefing

Place: Lajes Field

2

< Time: 0900 (Local Time)
" Date: 3 Feb 1978

-

Attendant:

Base Vice Commander Col.Bobby Massingill (AF)
Head Engineering & Design Lt. Col. Larry England
Deputy Lt. Col. Al Meyers
Lt. Scott Fehseke T e

........

* TTU Commander Lt. Col. John Telfer (Army) Cel
- Deputy Lt. Col. Walls

SRS : J-4 Lt. Col. Bentley 1_ o
LCDR.Allen Hill (Navy) RS
LG Lt. Col. Rodenheiser BRI
MAC HQ@ Les Weissert _ .f_
FPO-1 LT. James Wright ‘.:_j."_-:-;'if'f: o
C. Chern ST
—
. o S
C-2
v —_— —_ -— _— —— — -_— —_ B e




LAJES FIELD
POL PIER INVESTIGATION

Ocean Engineering & Construction Project Office
Chesapeake Division
Naval Facilities Engineering Command
Washington, D.C. 20374

2 February 1978
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[ SUMMARY

:5 31 JAN 1978: 1AW HQ MAC SCOTT AFB 132030Z JAN 78, Chesapeake Division

q personnel (Dr. C. Chern, LT J.C. Wright, CEC, USN) were

;: briefed by CES and completed a surface inspection of the

. damaged POL pier. Completed photo documentation.

i 71 FEB 1978: Diving inspection of pilings completed on total length of
pier system. Photo documentation completed on underside
structural damages.

I 2 FEB 1978: Results of investigation analysed.

DIVE RESULTS
)
Time: 1030 Date: 1 FEB 1978
‘ Visibility: 20 feet Average Bottom Depth: 45 feet
B Air Temp: 65° F Water Temp: S55° F
'_ Bottom Condition: Fine Sand; very little silt
Remarks: Very minor corrosion and marine growth on steel piles; overall
conditicn of steel piles are excellent; bottom condition
exhibits spread of debris, e.g. wire rope, broken timber piles near
pier; old fender system is horizontally lodged among new timber piles.
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PROBLEM STATEMENT

i

.
1
b
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b
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e Concrete pile cap on many interior steel piles has broken away
due to horizontal loads applied in excess of design loads.

e Wood pile fendering system is easily damaged and components are
being replaced at highly uneconomical frequencies.

$ _fooater

Bl il
A

C-5

W N ST YR R S Lot . T
IR N, P And i ol PULS RPN PRI A And - dacd .
a " PO




A i Rt Tt S St A gl e A s i 4

RECOMMENDATIONS

NOTE: A complete report including detailed options and costs will be
forwarded within 60 days. The following analysis and recommenda-
tions are provided for the interim.

. FENDER SYSTEM

The present fendering system when repaired, is adequate for small boats
such as an LCM at most wave conditions or larger ships only during very
calm wind and wave conditions. The pier itself has not been designed for

high impact loads and an improved fender system will not alter pier
deficiencies.

IMMEDIATE Repair Recommendations:

® Utilize improved pile driving methods to insure that the base of
the pile is stationary.

® Cut pile points for less driving resistance.
* ‘Reduce vertical friction force by any of the following:
1) Remove outer wale and grease vertical members.

2) Remove outer wale and attach galvanized sheet metal to
vertical members.

3) As shown in attachment (1), utilize cylindrical rubber
fender on timber facia. NOTE: Size of facia timber
correlated to pile spacing.

4) As per diving inspection, removal of broken piles and
submerged horizontal fender is highly recommended.

Conclusion:

Fender Systems protect both ship and pier from minor impact damage and

. heaving abrasion damage. Therefore, since a fender is not utilized to
resist high impact loads and must accept vertical friction loads, the
removal of the outer wale is necessary. A fender system will be rec-
omended only after the pier has been protected from high impact loadings.




PIER MODIFICATIONS

Attachment (2) - Docking for T-2 and T-5 Class Tankers

e Existing pier utilized for small craft only.

e Construction of two or three dolphins for use when docking
T-2 class or T-5 class tankers.

e Dolphins provide protection to the pier from any direct
horizontal loads. Typical dolphin systems are shown in
attachments (3) and (4). ‘

e Construction of dolphins would make the pier inaccessible for POL or
cargo transfer for an estimated 30 to 60 days. Therefore, a temporary
submarine pipeline can be constructed as shown in Attachment (5) for
POL transfer.

e Some dredging may be required.

‘Attachment (6) - POL Transfer Utilizing SBM System

e Single Buoy Mooring (SBM) system is alternative to dolphin
construction.

e POL transfer from tankers up to 200,000 DWT.
® Cost of new SEBM system is estimated at $10 million.

e Existing POL pier utilized for small draft only.

NOTE: A third option consists of strengthing the existing POL pier to
resist heavy impact loads. Costs would include structural modifications,
heavy fendering system and dredging. This is not a recammended approach
at this time.
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APPENDIX D

POL Pier Structural Evaluation

Th is section compiles the engineering calculations on
the structural components related to the ultimate strength of

the existing pier structure and the operating limitations of the

proposed new fender system.
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D.1 Pile Cap Pull-Out Strength

In the absence of reliable data on the bond stress between
the pile surface and the concrete cap, the allowable stress of
.20 psi from reference 4 is used to compute the pile allowable
pull-out force. The ultimate pull-out force is then obtained by

multiplying a factor of safety of 2.0 to the allowable pull-out

force. It is noted that the factor of safety of 2.0 is selected

by common practice under such circumstance (Ref.4),

R A |




C. Chern 13;1'_3*'.?":‘:
2-)3-78 :

BowpD Betweew STeet Piie awp Conwerere Cap
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o= rxlbx18x20 = |8 096 bs

Fa=(Fs)<R
wheve B = wltimale /:wl/-ou-—(' #rce .
Fo = facke of safety, o v

this case hj
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D.2 Pile Foundation Pull-out Strength

The ultimate pull-out strength of the 16" @ steel pipe pile
in sand is computed in this section. In the computations, it is

.assumed that the pile pull-out resistance is contributed solely

from the friction between the pile embeded surface and the

neighboring sand. »

Clean sand characteristics are used in the computations.

Pile penetration is 40 feet below mud-line.
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PiLe CaraciTy ForR AxiaL Puuou'r Loaos in Sand

(,QP,[_. APL RP2A §2.28 B* Editon )

&u"' fA:

where Ry = ultimate pile pal/ouf cﬂf«ul/;' , 45
{- = wun't S/é/.ﬂ #fcfz'on CaFa (_(:2/4’ lbx// 2 ‘.- _
,45: S/.dé’ Sur /;z(‘e area o/lp,'/p/ /’tz

Friction /n Sand
fekp g .

wéere k = coP/;[/'LI.P”T 0/ Za/e»[ @ﬂff’[ RS
P’PSSM ) 0.5 74" Pl/( /” #VJ‘I‘O;] ": i::f'_i;.

7[/ 7{ UC"AM&J{. ye§Sure LA/ L;_A“"--
/f = effective © P s ,.:_:1:::,.?_:
¢ = dnﬂ/e or[.fo':/ ‘7[;1'cl‘i'on on f/'/e wafl‘ )

dejree, 30° Aoy cleer sand R
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For 16’4 pile

4‘ = XDh = %x %x 5 =2094 o’ U -
th=s £)
7' = sub merye;{ u/a'jif 0/ Sand E:~:‘:-:;I-:‘~3~\,-_
65 %/ cufr g .

¢/=500 ﬁ_—.]'ﬁ—:éé/L

Tond'=0577 K =05

.......

F=kp tand’

*/D'

JCave ARy = ﬁve'As

*/0’ LbS

(&)

aq

94 984

| O

187.%

141 2:9%% (3,937 .. -

[0

1)

234

z8l| 4,900

20

15

275

-----

328

6,868 115,705

20

25

5705 o
&2z 24,542; :;._15‘.

469 8,827

2

563

24,942 " R
516 o e

610 )

656 12,773 48,120 - %

39

.....

102 14,72]
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D.3 POL Pier Structural Strength
The structural component failures and the corresponding

lateral load resisting capacities of the pier are evaluated in
this section. The possible structural component failures are:

rﬁ e pile cap pull-out

r... e pile foundation pull-out

h e concrete frame beam failure by tension yielding.

s

-

. The lateral load causing the pile cap pull-out is found

P to be the lowest failure load of the pier structure (27 kips
per loading frame). Subsequent increase in the lateral load
application will cause the concrete frame beam to fail at the

mid-span location by tension yielding of the top surface
reinforcing bars. The ultimate lateral load resistance per

frame is approximately at 39 kips.
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NortH BeENT

D p. 01( Cross-Section (View 6-b) o . i

W= /50X[/3X /‘f‘ 213] = 2,850 #ft g J

Ultinate [ateral Low(ﬁ/&v Frame L‘,‘_J
= 40’-0" T
w2285 1 B
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RS R

EMy=0 U »36+2,850r40x {8 = P x40
V= B-57000 (i)

Vé =V + 2,850x40

= F.=0 H+H,= R
H|: Hé:%a

@ Jownt i

Sz .
S|3 Sa —_17—5’ = H\
.2

H
' l S\'s'; 47.25 H;:'l’34épn
v

\/l3 - 2,6 H| = \,25Pn

S+ Vi =V,

.Sn. = V\~ \/\3

=122 -57,000-1.25R <0

9 .
( Undav C_,o...fyoSSIOH)
Bond stress @ Jowt 3 o Mewhar [-3
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6’&7 FS=2.0 -4-/ bond shess & 20 psv S
/! mate fkﬁ[-ou:(‘ 7475e _JJ‘

(S3), = 2x (8,096 TR

= 3¢,/192 ¢4

| 3¢6P =36 192

.......

P=z6,888 %S

v,

- (S
’/'34— 27, 000

l/l = -—’5—;’27’000—57’000 = __27000 o
(=t .,

=1
H, = ZP'L:/3,500 tbs -—t

. He = 13, 500 4%

V4 = -27,000 + /4,000 = £7,000 S 4

() T
S = —';2(({27,000) - 57,000 —|.25(+27,000)

= -to750 4 (emp) i

Si;3 = 1.346P = 36,342 Lbs ( tens. ) pR.
D-12 BORDRNAN,
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2% =0

- Sg, t87.000 = 32,740 Dol

Ss.=-53, 260 tbs (c;m-.‘f) | J
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AW=2,.880 */4¢

i 27,000% _ L

-
; S
_ . .1!1-”%

—) 53 260*

(+) Tension
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o eEM,=0
2 V,«36+ 2,850x40x18 = F, x40

W= G FR-57000

S =V, .

S4c = N7.25 P }
4

Ve = V, + 2,850 x40 ,
10 D
— - 57000+ 114,000 DA
5 s el

- _:30_ Ps + 57,000 e

Ja/};t A

V)
S ?:\’
N

Ss¢  Sse=2.56P -\ R

PL’I = 7.5 Ps" _léQ P‘S -—“57 060 ‘.;','-f
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Cose 1 Sz M@‘d

36,192 = -/9»0-’; - 57,000

7? = £3 873 b3

CL.SC 2 S% !! -+

36,192 = /. 39 7?5 - 57 000

= 67,045 tbs

5‘7 Ps=67,aoo cbs

Sl‘l = %x67000—57,000 = +(7' 444 Lbs

(Tens.)

Sa¢ = 47.26 Fi= 180,403 Lbs(&o-—f.)

S

Sse= 36,192 (Tews.)

Case 3 Beam Bendys Frilie @*4 Toint

200

M=

P, - 450,300
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F=18df +50(1-F)E

5076 = (18d+ 50——5—9)

o>

Ji‘—'@_—?—d-f - 2)E e )

d

Substitufe () info (2)
3 -
(—23— —/)E\s (?—'—g—dfl a )ﬁ
2 - 2& _
z5411‘2 5 =0
9d*+50d ~900=0

d= =5° tN 50% 4x9x900
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d=z7.¢6"
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Appendix B-1

File No.757/-5799 \  .®_ .
_ 3 P
f£ = (1- 'a—)-)[; < ) RORREE

"
~
-~
|
oo
N
x
~
[«
~
N

/;— = 560x3600 = /B0 voo ¢és

......

F = 18x7.6x /077 + 5ox 652 = (80, 000 LS

M = ;;’ (33-d)+ E,‘j;‘( + Elx(o(,"3)

.
= /80,000 x (33-7.6)+ 147, 333,(2;3_5_ o
+ 32,667 (76-3)

= 5095 512 ""

M= 424.67F

D-20

v . -
- - R T O I T T, ) ) N
= aciala o 2 Aetda B Boe o B S Bee Pt P AN PR TP - ol ol A




‘‘‘‘‘‘‘‘ . e " B - A <h Ade Ban & B Ate Ihte Sl A i S S Ml dnian T T

“SNEFSie Lot Tou st antoaddec aut aur e dun e s b iuts And S dut It it i s s iR ASCIM A S A O R
-
A

N ) | C.Chern
- | 2-15-78

M = 2;" P - 450,000  (f-ls)

ST WP
e

2 - 200
4 4)400 5 R —4s0000

Sj2 = _{?o_ X 39357-47, 000 “‘:4

.........
ST

1

-13 270 Lhs ( Cong.) 'fli?t3‘.7:_5.¥:—.f'~il

S4c = a7.25 139,357

= 05,972 b5 (coM]o,)

= 2.9x39,357-
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D.4 Berthing Energy and Trapsferred Force

The computations herein are pe rformed on the assumption
that the 4' @ x 7.4' L SEA CUSHION Marine Fender will
..be used in the proposed new fender system. It is estimated

that four 4' @ x 7.4' £ SEA CUSHION shall be used in

the system

The absorbed berthing energies and the corresponding
transferred forces are computed, respectively, for the water
levels at EL.(-)3'-0", (-)2'-0", (-)1'-0", (+)0'-0" MLW,

(+)1'-0", (+)2'-0" and (+)3'-0".

The allowable berthing force and energy are limited by
the strength of either the fender piles or the pier frame
structure. The criteria for the fender pile strength are:

e Class Il treated southern pine or douglas fir

e limiting flexural stress of the extreme fiber
is at 1,750 psi

e the pile cross section at loading point will have at
least 18" in diameter,

The pier structural strength is used later in §D.7.
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BERTHING ForCE s4#D EnERGY ComPutATIONS

'e«“/.é: Sea Cuspion AMarIvE FEWDERS
Technical pMawual SCTM-4 (5-77)

Ship 3e¢5[n§ 5aezﬂ_%mﬁ
7-2 Class

21, oo

Wi |, Pisplacement Jonnage (L.7) =
D, Draft cfe) =
L., Length (ft) _
M, Added Mass = 2”_7-[0@‘1, L)
(P=64 #/cute)
W=WatWs cL.7) =
V. kelative Veloudy (#fiec) =

2/
So/. 4
=10,813

32 613
©.25

0.5
32.2

C3. Be)’f‘/)/zj Coef£icient =
,?' Acceleration of 6raui§(ﬂ%,{f
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E = 0 5 326/3x(0.25)*
2x327

=158 ft-er

= 35_4 £¢ - kl/.f 'i

Use Sea C.IJA;O') (4 I¢ x 7.4 /1) @ éo% Co“f,?g,'o,, j
Energg AbSOr’Dszbm = 5¢.7 fe-kgps _‘--,.,“J(
Reaction Force = 64 *4s

For ber'fA/')(ff Energy @ &= 354 7 - kgps

4's x7.4'4 Sea Cushion
489 CompressSion - '.._;,

Reaction Force = 40 '=ps 1
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4 dx74L Sea Cushion @4p% Comfre.csfon

I 1O-p” ]

e aom . ahor W

T Sln ner Wale e
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" R

I Cof?uss lén§ 6*“___:_ ? l | . _~
4'¢x7.4' L

Sea Cjﬁion-)

R A SRR
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.....

S R, R R, s
i (CRRRRERERENS) o
g 40k Re= R+R, R

* Center /’/./f (o /:r’/af) shadl carry 20.0 fecps
transferred force. o
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Watsy [ooel @ ML ELLIOTET SRS

Li=95-1=85 SRR

= 4l o
Rt—4%7: 0.83F

For dense 5e/eo‘f’5ﬁw:f-‘/
o(oa;/ad 7C4
(39#7 Wud E"ﬂ';’ee"b(j 5& é.éur//nh/)

0.83F« §.6x12
2x572.6

/.7 50 =

F = 23672 %
K. =19 648*
K, = #o24%
88;'1*/)/'/3 Arce = 2;5 47,344—#

= 47.3 *¢
4’¢XZ4’£ C,LSA;O)']@ 53, cgmlorm.f/'on

Beﬁbl?j Enerﬂg = 425&-%
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Woter Level @ EL.¢H) 1-0"
£,=9.5- (/+I)=7'6I

bl /L4nUM{ = /?f ng
. - ¢Z‘8f5f: X 7Z€51(/:Z

/,750 =
F=z2¢1977

Ke= 22,2677

Ry = 3,920 *
Berthipg Force =2F= 52,%94 "

4+'¢x7.44 Cushion @ 64 %% co—ufre’r.f/on
h . ‘Bel’f/‘)l')@ Eneraa =47 £t- k«'—)N
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Wty Level @ EL() 220"

), = 9.5~ (1+2) = 6.5’ ERRR

43
= — =087F
Re 495 F

M}uw = R4
0. 87F x6.5 xle

W\

in-LbS

\

67.86 F
/ 7:50 = ..féJZLéiéi_jEz.___

. .. ’
2x572.6 e

F=29533 # Sl

R.=25694"

' sz 3,639#

+
Bewm;w Foyce =2F= 59,06.6
4'¢ x7. 4 L Cushion ® 58 % Com}‘prp.t!wﬂ -

gerbip Ervay = 9
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/. 750

F=34092%
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K,=3839%
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Wetn Level @ EL.G)3/-0" RN,

L, = 2.5 -(1-3) =11.5'

« v 3w

R, = - o
Vs T TOTTF L

M wmax = Ri 1. .
=077 F x1.5x(2
= 106.26F

750 = 106.26 F
2x572.0

F=18860* m
R= (4522* o
Rb=4,3aa’ ,___x__

Bevﬂ'\md Force =2F=37,720*
=377 ks

4'¢x7.4'L Cushion @ 45% Compression
Beﬁhfna Eneraé =26 ft-kips
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D.5 _Pile Lateral Bearing Capacity in Sand

The lateral bearing capacity of the 12" @ nominal wooden

pile is evaluated in this section. The results will provide

i . . . .
information on the fender pile penetration requirements.
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Pre Laterar Bearivg CapraciTy v SAND

Ref.  API RP 2A $z29f

= ,'H k"”%ﬁnﬁfinﬂ _
1a A{D Ton (f-§) cosx i

{‘””ﬂ HTM anAl
7 (3-F) (D+ f tanec ) +

Ko H danfo ( g sinfi =T ) Ko 2] §

faa = A [ K T H (10n%8=1) + KoY H tand T |

w AQ"Q

/a.= wttimelZ resistance , Ps¢
(S=shallow ; A = d?ef)

/4 :emIbL.rl-CQ/ a//'lljf)né'ni’ Acfof (ﬁ/ 2.29{',
APL RP 2A)

I'= effective sand weight, 26/
H= dé’fﬁ, n

£ = ear'fé pressure @ rest COPA[/‘(/'enT (0.4)
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¢ = Q_nj/e o[/h/éfﬂw/ -ﬁ«cﬁ,on 0'/."0*1/, a’?.

p =45+ %

o = 4€€i

D= pile diameter, in

Ko = Pankine amini mum actioe carth pressore
coefficient (ton’(45% #4))

/Cor Q[Pﬂn Sﬂnt{

f= 35° onf = 0,7
B=45% = 62.5 tan g = 192
1’3 = 13,617

Ton®B = | 85,433
/Q"Mﬂ = 0, 387

Huilp-g) = . 52|

chb(: 0.315
Coo X = 0.954

ﬂ—é: 27.5.
o< = ¢/z=l7»5°

450“% :27_60 k,a_': 0,27{

Tr'= o5 ‘ycafe = 00326 wﬁu.i« |
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L2 Ladiiafinf Ths sba o A VLWTTYTY Y _T bt an o' vy

1£vr D=2"

=Afo.0376/j 0.4 H x0.7x0.887
fas [ /2 0.52) x0.954

/. 721
0.52]

(12+Hx192[x0.315) t

0.4Hx1.92]x (0.7x0867-0.515) -

0.271 x12 ]f

= A f( L 037 L i+ 44. 246 +2.25H

/2
+0.235 H- 3252 ]JZ

f.; = 000313 AH [2.966H+40.994]
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734 = A [0«27/x0.0376/—{ (185.433-1)

0.4x0.0376H x 0.7 x13. 6/7]

NS A

A [18794+ o./43H]
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Woodpife /2 P ﬂamﬁﬂ»/

PevetraTion | A £, Py
H /D {sTaTic)

FT [ Ge) Psi Psi *
i ° (o) 2.89 o o Lo
(12) 219 6. 18 52.17
(24) |.50 [2.064 72.79
(26) .08 (7.98 78 02 oM
(48) 090 | 24.79 87.35 i
(60) 0.8 26.19 lob. 76 ’. ’
(72) o.88 50.48 128.1 |
(84) 0.88 67.13 149.47 i
(96) 0.38 | €6.13 170.82 %
(108) ©.88 [07.48 192.17 S
(120) 088 | 131.19 213,63 - 4 |
(\%°) 0.8% 285, 220. o o
(2 60) 0.%8 498. 427. . }
(300) 0.88 769. 534, -
(360) 0.88 | 1.099. cqao. il
6| 35 | o .
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v, .
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PeweTrATION ah, (ﬁa)% MR=RIaD (R =540 B,
T FT PSF | wLbs KIFS
o o
/ / 445 445

0.4%55
S / .352 | \,355 [ 3l
/ 2,209 | 2,209 |
3 4,02
I 2,079 | 3,079
4 7.09
p / 4,390 | 4,390
.48
/ ©.240 | ¢,240
6 \7.12
/ 8,468 | 8,468
- 26.19
p / 1}, 039 (1,035
37.t%
) / 12,940 | 13,940 5117
[ {7,184 17,84 '
)0 6% .39
” 5 29,96b6| 29,966 |2
5 51,264 51,264 25
5 £9.192| 69,192
25 ?20.4b
6 84"162'8 84’528
30 1.24%.10
” 5 99.864| 99,864 a4z
5 | us.272] 15,072 P12
D-41
¢ v > ® e & s -




)

AR S 2 " 2 v -
REAUAEAMCR CAGEA UM oS st e e e e e e r—————

S
s

=

.

.. s

R ‘..\
- R}

i -t
- ~

»,

)

i
L0
r
LIS
.
l‘_'

D.6 Pile Driving Resistance in Sand

Driving resistance of the 12" @ nominal fender pile is

assumed to be the sum of the pile skin friction and the end

.point bearing capacities.

The results are used to estimate the pile driver (hammer)

requirements. ®
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C. Chern R
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...........

P/LE DRiviNG PESI.ST/WCE v SanD .:~;‘."_£i~>;._';3‘3_£§;
(Ref.  APLRP 24 S2:8 &% Edtion) S

.....
PRI Y .

F;'/e axial bean'ng cczfauff o
&u‘z 7l\AS+;Af’ ' - '1

where

Re
f

A = side surface area of F;/e} £+*

]

ultimate bearing Cﬂfa‘;f?' .
un't skin frichm , L6s/f* Y

1)

g = unit end bea"'ij Ca.fau_ﬂ!/ Lés/&‘- | .4
As = 7ross end area 01[ f/./e/ #L

Sanrd . N
= kg tang’ ]
Where /C = Coeyc)[/'cllf’”t o)[ Za'tl?raj ea,rTA />r€&f“r‘€ -b_,__,‘

/-0 74»« dyiven pile I

p = effoctive overburden pressure, d/*{ ‘

' ?5’.: anj/e o/ socd 741(1‘!044 on P! fe wal[
k . 33° 7COV sand on wooden P;/P pON

)

L,
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j=F N S

......

.....

where /{/g = Aea r;lg Cﬁ;ﬁaﬁ #Cjﬂ- R
40 ﬁ-v c/ean sana{. \~

‘iEDr /2"¢ 770@/»&/ /Jf/e
Ap = E—Dl:él'ﬁ'/zz 0.755 Y’

As= %Dah = 3./4(ah) o' |
fo=T'h ,L |
]”s 5,_,6,779,72/ unit weﬁka of sand jl-f;;:-;;?f;.
65 U fr for cleon savd I

h = /9:'/6 Fenetm‘&lon

v
1

} = [,0x65k"‘ta“33° = 42'7'('1"« %
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h
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s
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2,041

5, 200
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7. 800
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13, 000
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D.7 Berthing Velocity Limitation
The berthing velocity perpendicular to the pier is limited
- by the berthing energy and transferred force computed previously
in the Appendix D.4. An additional constraint of the pier loading
frame strength is then imposed at the upper limit of the berthing
velocity.

The berthing velocity is evaluated for various sizes of
tankers. The tonnage described in this section refers to the
actual tonnage of the tanker at the time of berthing operation.
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GerTHivGg  |[/etociTY [IMITATION
(Re[s, ’/ Zlé///)

-Vz
86”/)/}7(7 Energy E=C(g %—

Where W =T H o

W= added mass tonnage n
assumed 60J5 of a&fuaj -

'Z‘onnaye (W) ( Loycyv‘lons )

Wy = actued fvmmge ([w[ﬁ z‘ors)
(Zanker éommje ot the tine ;z:‘:-_;?_';.:i:;‘:i;;.:-_-

...........

of berthipg “operstin) ...

W= 16w Lo

........

Cg = Gerthing Coefficient, 25

3 =322 Frfeec R
éeﬂ%hﬁ velo Mend/c«/a" 'V"”‘*
to the ofock uﬁﬁ—/m”’ o 5

Ve 255 < boren[TEEE " esto [y "

24 x1.6Wp

where E :Levﬂn\o enovyy f —Iu.f& m.“—
Wy = actial tounage, lng-tows -7 0

p-as o T o
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24,000 15,14 R
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Wafer Leved ® EL.(+) 10" Berf/uU Eﬂe
E = 470;.2 -kiks

Tanker Actuad Tonns qe Limimivg BerTHING Veroury
( Perpeppiculhik To Dock) Ao
Lona Tons  FT/pam. B
/0, 000 24.68 ‘j}f'}' J
12,000 22.52 LT
14,000 70. 84 o :
16,000 19.52 o

/18,000 (8.4 0 O

......

22,202 7.46 e

24,000 1594 iR
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/8, 000

(.86 IETIEY
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2.0, 000
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30, 000
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7;~I<E‘fi ACTUAL TONNA E

( PerpeppiculhAR To Dock)

LimiTivg PBeRTHING l/éwury :}_ﬁ,;':-

Lont Tons

F7 /ntsn.

]0, 000

29 02

12,000

26,50

/4,000

24 .92

/6,000

22.94

/8, 000

z1.64

20,000
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22,000

[9.56

24,000

8.74

26,000

I18.00

ZAB, 000
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30,000
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34, 000

19.74
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|4.52
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BertHing Veouty

Lontg Tons
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/B, 000
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( PerpenD)cutak To Dock)

Lova Towns

FT/nd/0.

]0, 000
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|8.26

16.76

/4,000

9.2

16,000

\4.92

/18,000

13.6%

20, 000

1298

22,000

12,38

24,000

11. 84

26,000
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S0, 000
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P,/EQ STRENGTH LimMiTATION ON ZATEeA(_ LoaD

Strength per Frame

P =27 kips
Assuming that o combinaTion of 2o frame
s%rer;dﬁ\ , 4. e, ;5:64 leips , wild act to vesist

be’"ﬂ“.&j '7C,°)'Ce' Frame Frawe
27" 127“

b Y

(ABARRE>)
F ¥ 83'*““5 Force

Frame Frane

Cace 1 «

Fame
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ARRRERB! (

Case R

Ek Beﬁlm'ﬂ \Torce

£|+ (1. - .
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D.8 Loading Dolphin_Dimensions
Overall dimensions of the friction resistance type dolphins '»“:“".:i“-‘"
are evaluated herein. The parameters used in the calculations '
are:
e T-5 tanker at 40,000 DWT J.\ )
e Tanker approaching velocity perpendicular to the dolphin
@ 24 ft/min.
e Dolphin will have ‘.
88 sheet piles type S32 (MP 102)
Diameter 35'-o"
Height 90'-0" with 40'-0" penetration in sand ‘*
Rockfill @ 150 #/cu.ft (air weight) above mud-line
Sand @ 120 #/cu.ft (air weight) .,
e Hung Fender System "
The results of the evaluation are: &
e Factor of safety against sliding = 5.0
e Factor of safety against overturning = 2.6
»
- ) '
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