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KXKCLrr i VE SU? 4ARY

In response to indicat (otis I t  urn the Shore Establishment that piet ton~l.’rsystems are absorbing an Inordinate share of MEl’ funtts/vl fo rt  , CR1. liii t ta t  e~lthis survey. The purpose was It ’ determine the current ~t ’ntltt ton/ s ta tus ot
fender systems , the e*tent and li%a~ot causes of damage , matlitenanee and repalt
cost a and level ut ci to i l • and l ilt1 tt ’at ed I teutl ta . oh I t’ t ’ I i \ t’ It’ h5 ’ at’ I veti
by the suive~ 1* to  ass ta t  CR1, in eva tuat ing the neo~l I or and potent ti’l oI
RDT&E projects to Improve ten tcl systems .

The survey encompassed a mall survey of 18 major act Ivit Isa/comp lexes and
on—s it. visits to all *c t l v l t  I~’,l In San Diego antI Norfolk. In ,idtllt ton , a
review of previous re lated studies and recent Navy fender des igns was a~ -e~ ’in

P L iahed. Th. survey revealed :

e a high leve l of tnt crcs t  at act lvii v love I In tendt ’rtng cost a and prul’h’ms
and In ally techit teal ho 1 11 t hat w i t  I tmpvt’ve tb current s it nat tt ’t i .

S an ov era l l  poor t o f~ 1t t’Oflt% it ton , except whe to t epa it  lt~’ t o p  1 at’ s ’moltt was
b eing accomp t tehed by at’ge somle proje ct a , and t tends toward tue t eas lug
cost a, dut’ 1 ititug qua i l v of t luther mater Ial  a , and a t equt t emunt Ic ; (fl

creasing levels of cli rt

e an ove i - v  itl I ng c Ot1~’C ru - ci I be frequency and t’Utttit 1 ~t 1 1 Vu ma g u l l  tIdi’ ci
damage t o  fender svsti’ms by sh ips and c ra f t

• ri’ 1 at lye nut fermI t v in lender sy st em p ro b lems , damage Slitt level 01 ma tnt e-
n*ni’e cost a , but a lack or unt fermi t v t t i  approaches I c I mprovemi’nt s /

— so 1 itt tons. No ‘Navy approac h’ to fende t lug Is cvi dent

- : • improvement s In design and mat c r 1 at a for t imber p I t t ’  Ii ’ tide r *vs I ems In
San Diego that may wel l  be applicable I t ’ general purpose berth tug at shoal
ot her lot’aI ions.

• a need for t’om’ent rated , cent ral I aed wotk t t I impro ve camel—fendet dea l gus
(or submarine , aircraf t  carrict ’  ~nd t’ertaln speci al use l~.’ittt t ng.

Recousnendat tons resulting f rom the survey iti~ tude :

• no RI’)T&E e f for t  (or general purpose bert lu ng , l~t i t  otlerd m a t  e~i 1St’ l I l t  I es
acqulstt ton and managemen t ef for ts  to eva luate and tmplemetit ‘ t ’ i -t  ~tu
spec If It’ improvements in timber pile systems — lio~ v lou ut’s I gn, Improved
mat erial procurement , use ot ’ large rubber energy absorbing iti~lt s , Im-
proved pt1. alignment , mote w (tespr.ad test - S el’ lug ca me ls.

S RDThE work In the near t Ime—fr ame for d~’l I eat 051 subsist I u s  , t ’\’ 1 HA , un-
conve ntiona l hut led ship, and cot lain Sp~’t ’ t a t  its u’ berth t ug .

• m i t  tat ton of a long—range study that loo ks t o  the t ime when w~luut product a
may not be ava ilable In the quant It y/qua I It v ItOW depended lt~1ett to ,  sh I~

s
fendertn g .
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SECTION I

INTRODUCTION

1.0 OBJECTIVE

The survey Is to provide data , Information , conc lusions and recommendations
p concerning Navy fender systems currentl y in use to assist the Civil Engineering

Laboratory (CF.L) in evaluating the need for and potential of RDT&F projects for
future fender systems .

1. 1 BACKGROUND

The U.S. Navy owns a large number of piers and Invests millions of dollars
annually in fendering to protect both the piers and shi ps berthed . The Naval
Facilities Engineering Conmuand (NAVFACFNCCOM) provides desi gn and construction
of all new facIlities and has a responsibility to provide technical guidance
and direction to shore activities in the maintenance and reu ’,-ti r of fac Iliti e s.
As the NAVFACENCCOM agent for research, developmen t, to ’~t aitti e’valuat ion , the
Civil Engineerin g Laboratory has his toric all y been Involved In studios and
t ru ’.It’cts concerning waterfront fad lit los Including fonder ‘:vst ems. The l i st
comprehensive effort 1w Cfl in this area was in the m1ci—l Q~

t) ’ s 
* 

the i~’rIt ten
documentation of which is  briefly reviewed in paragraph 2 . 1 of this report .
N -’ significant changes in fender system desi gns have been imnlementcd for ~an v
Years.

There art’ strong Indications that the Navy ports ar.’ lla\ 1n5z t o  expen.t an
Increasing amoun t of maintenance, and repa ir fund s and ef f o r t  on the fendoring
func t Ion whil e making no headway . There .ire no m d  te at b u s  that ~i change to
this trend Is In si ght . The op inion heard from the ‘ grass r o o t s ’ level Is
that there must be a better way . Consequently . VSF (‘orporat Ion was tasked 1w

• Ci’!, , tinder the Statement of Work in appendix A , t o  pt’r form a surv~’v wi tlu the
ob loe t l vc  s ta ted  above.

1 ..‘ PURP OSE

The Interrelated Iurposes of the survey were t o :

a. Obtain tnformation and data on:

e desi gn related fender problems

• ma tnt Ofl,-tflt’ e ri’ 1 a ted fender problems

• ship (mechanical i dam.i~ e of fenders

• maintenanc e and repair costs and backlog

Is . Anal yze the informa t Ion to determine :

• commonality of problems at naval activities

• unique problems

• magnitude and nat tire of shi p damage

1

— I - . - ., ~~
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• the overall cost of ma intaining fender systems

• downtime , length of l ife , etc.

c. Draw conclusions from the analysis concerning :

• the adequacy of current Navy fender systems

• factors contributin g to mechanical damage and Lotenti a l for
control or correction

• the cost of maintaining current systems related to the function
being performed and to probable alternatives

• the potential dire ction and benef it of a RDT& E project aimed at
improved destgn , lower life cycle costs, longer life , and lower
maintenance cost.

Ar eas the survey was n t intended to cover included analysis of fender
design cri teri a , surve y of “arious fender systems in use by other than naval
ac t ivi t ies, and any ex tensi ‘e survey of environmental damage to fender systems ,

In sui~ uary , the survey was designed to assist in the identification and
definition of current fende:lng problems and in the evaluation of the potential
success of a research project in the context of economic reality.

1.3 METHOD OF APPROACH

The survey was conducted through a mail survey , limited on-site surveys
of naval activities , and a review of other studies accomplished In similar
technical areas. Section II  reports the results of the surveys and literature
revi ew wi th the followin g sec t ions providing di scuss ion , analy sis , conclusions
and reconmiendations.

I

~ 

-



SECTION II

INFORNATION ANt) DATA

2.0 G~ 4ERA L

Informat ion for this survey was obtained from on-site surveys accomplished
in Saz~ Diego and Norfolk and through a mail survey of a large proportion of the
naval activities having waterfront facilities. In addition , a review was made
of CEL provided literature pertaining to previous studies of fender systems and
rela tetl problems.

The time frame for this report precluded the more extensive on—site sur-
~‘evs originally planned ; Long Beach , CA , Bremerton , WA , and Pearl Harbor , HI. -

If further and more detailed work is done following this survey , additional
on-site visits and requests for mail Input should be included . Specifics are
addressed Ia Se’t ion IV.

2.1 MAlL SURVEY

In addition to the on—site surveys discussed in paragraph 2 .2 , a mail
survey was conducted to obtain informat I~~ and cost data ftom naval activities
having significant waterfront faciliti e s and berthing activ it y and to obtain
input from NAVFAC Engineering Field Divisions (EFD). Stirvev information !
data fotms and a list of activitie s surveyed are contained in appendix C.

2.1.1 Naval Activitv jn ut. The mail survey covered IS activities excluding
the San Diego area, IS of which responded. Due to t i t e  scheduled on—site
visit , San Diego activiti es provided no input to the mail survey . Norfolk
activities partici pated because the on—site survey developed l ate: .

In addition to the approximately 234 ships homeported at activities
covered by the on—site surveys in San Diego and Norfolk , there are an additiou.~l
140+ ships homeported at other activities respond ing t o  the survey. Accord—
lnglv , the survey covered a large portion of the Navy ’s potentia l berthinc
problems and generated response that indicates significant interest and con-
cern In these fender system problems .

The following excerpts and paraphrased statements were extracted from
input most pertinent to this study . The information is given in this format
so that a reading will provide a picture of the fender system situation at a
large representative cross—section of naval activities.

a .  S u b m a r e Ba s e ~~New London, CT.

• 11 of 13 piers have standard design wood p ile fender systems , one
pier berths ARD ’s and requires no fendering , and ~no pier has a newly
designed steel H pile system with resilient bumpers.

• As wooden piers were phased out in the late 50’s, wooden fender—
ing systems were designed for new concrete piers.. .svstems were designed
for World War 11 type diesel submarines which were quite maneuverable...
proved quite serviceable for this type of submarine e%cept for an occa-
sional accident when the submarines made a part icularlv bad approach.

~~~~~~ -
- ~~~~~~~~~~~ - - _ _ _ _ _ _ _ _ _
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• With introduction of nuclear submarines in earl y ~~~~ hull typ e
changed with a single propeller.. .has very limited maneuverability at low
speeds and requires assista nce of tugs during docking . Combination o f
hull formation, increase in tonnage and added horizontal thrust of tugs
spelled disaster for the wooden fendering systems . . . single docking onera-
t ion frequently wiped out M) or 40 feet of fendering system by snapp ing - —the vert ical  piles at the mud line and then pulling the anchor bolts out
of the pier ~t the top of the fender p ile.

• Design of Pier 32 developed new system to resist loads imposed by
nuclear submarines.. . steel “11” pile system with I” plate we lded on the
“H” beam to act as a stif fener. Pier has been in use for one year and
no major damage has occurred . Estimated cost of this system is $850/LF.

• 1978 A&E study recommends a hydro—elastic fender system for ex-
treme pressures.. .cost is about 2.5 times cost of the steel “H” pile
system. Under MCON Pro~ect P-3l9 (a FY 80 project) NAVFAC has agreed tofund $250,000 to instal L a 90’ test section on Pier lO...estin’ated cost
$2 ,000/U’.

b. Philadelphia Naval Shipyard

• Utilizes both htag and pile fender systems.. .standard designs...
adequate where conditicin of systems is good . Where deteriorated, new
designs may be considered.. .composite steel/wood , new wood treatments ,
addition of energy absorbing materia ls behind fenders and chocks.

• Maintenance Is limited to checking bolts and fasteners and re-
placing individual members. Absence of ma intenance program due to fund-
ing which restricts available equipment necessary. . . fender system can be
made more ef fect ive through more comprehensive maintenance program.

• Pile systems last longer than hung systems . . .typical lifespan
varies from 15— 30 years.

• No serious damage by ship impact.. .riverfront location.. .minimal
wave action .

• Hung fenders extend 2’— 6” below mean low water. . .prevents camels
from slipping beneath fenders. Also , all bolts on exposed surfaces are
setback.

c. Naval Weapons Station , Yorktown~~VA.

• Photographs (enclosed with Input) show current d amage . Any sol-
utions uncovered to reduce $100K/year costs will be appreciated .

• Fender sys tem basically provides protection to pier . . .damage
occurs under cer tain condi t ions and fende r as ins tall ed will no t pre-
ven t it. ..ballard snapped by overheng, bow of ammo barge reaches over
fender system , barg e chafing rail ride s on top of p iles and ben d s sys-
tem away from pier.

a — _________ _______ ~~~
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• Very l ittle dama ge from marine borers because piles are damaged
by ships and must be replaced before useful life ends.

• All maintenance Is performed by contrac t (no in-house capability)
.averaging $100K/year damage.. .repairs every third year.. .main problem

is sections of pier left vulnerable to damage between renairs.. .consider-
Ing service contract to effect repairs as major damage ~ccurs .

d. Nava l S t a tio n  Norfolk ADHOC CommIuee R~~ort j Refe rence 1)

• lO-2O~ of MRP funds spent on fender systems.. .averaged S650K/vear
in past 3 years including special projects.. .effort is sized to ‘keep up ’
not make headway .

• Many factors contribute to fender pile damage.. .two major ones :
camels and shi p handling/tug operations.. .data that stands out is in-
crease in probab ility of damage when camels were u s e d . .  .m . tj o r  conclusiou
was that limiting came l usage should be pursued .

• Treated versus untreated p iles... in hi g h Impact areas mechanical
damage is occurring bef ore biolog ical damage becomes s fcn ifi cant. (ti ~~
treated p iles cost one—hal l as much and are more rt adi (v available.

• A SO~ cut in camel usage Is feasible and co t : ld  r educe ~lama~ze by
or over  S100K/vear . The purchase of l~ foot  camels should he

discont inued.

• One area wor t h pursuing is use of automatic line tenders.

C. Naya1 A~p~t I ~ ~~~~ Lit t 1 e Crc e~~~V A .

• Damage t o  t ender systems is a major problc’m at this a ctivit y .
camels.. .are the major causes. . . resources not avai  table to m aintain
systems or implement alternative systems . Alto r :t~tt i v~ system ceitsidered
an alteration vice repair.. .changes to desi gn become a funding problem.

• Piers 1—8 minor mechanical damage LST/LSD piers li— N and
quayvalls have had extensive damage... system not designed for camel ing—
out.. .nothing prevents camels crushing or tap tsii:~~ pilings.

• Piers 2(1-34 have received minor damage.. .corncr dol phi ns c.ui

reduce damage . Piers 44— ’~5.. .almost complete dest ruc t i on  of fender
systems and major structural damage t o  piers.. .resuit of large , hard to
maneuver causeway sections.

• Mechanical damage has generally destroyed the system long before
rot or biological attack affects system Integrity .

• Little maintenance performed in antici pation of repair project
.estimated $100K—$200K per year required once ma~or repairs are com-

pleted .

5 
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• Three t ’ . p t - s  ot  fcnd- ’T systems arc used : timb er piles 3 - Id t e . ’t
on center with connecting wa !es and spacers bolt ed to pier . steel H— p ti
with connecting timber W*lt’s and st’aco~~

; used primaril y with suhmarint~~,
and a st  eel fender pile sv ~. tern w it h r ubber bun pe r s

• St eel feud et ~~V 5  t e r -  a v t -  proven y e  rv sa t  is f a c t o  v • especial I V
those meeting ASTM ASOO. At the water line , there I~ a 3’ J Liriet,’, f t t

log, and at the pier level there is a rubber bumper.

• Existing t imber p i l e  fenders rarely ov er remain in place long
enough to deteriorate Iron natural causes.. .hroken otf beneath the w at e r

l ine as sh ip s are berthed . . . five or ~ix p i l es  are broken el f taking the
entire fender system . Timbe r camels bear on fender p iles at the water
line which Is a weak point.

• Dolphins at outt~~ard corners of piers are easi l~ destroyed,..
nine to twe lve piles wi apped with steel cable , bolted internally and
to the pier.

• Damage by ships is by far b1g~est cause ~-‘f deteri oration (si~
’l. ..

generally thought that It steel syst  ems were ~:do i ’ t  ed t or all piers.
maintenance costs woul~ be greatly reduced.. .high initial cost of steel
system discourages use... funds for repair much more available than for
new construction .

S. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ort 1JL

• Roth fixed and retractable ty pe wood fender svst ems art’ In use.
relat ivelv short life due to damage and dot e r io ra t  Ion . . . normally require
replacement in 3 to S y e a r s .  . .deslgn could be improved to provide greater
resistance to impac t.

• Svs t ems should also ext end t o  a lower ci ovat  ion and he more St ron g
lv supported at the bottom end . Much of damage’ occurs at low tide do-
sign change made to timber camels. . .depth doubled to keep them from
riding/being pushed under fender system.

• Wood pile dolphins have short life , have been demolished in as
little as one year.. .new fuel pier design Includes steel pile dolphins .

h. L~~~~ Reach Nava1 Shi~yard

• 16” butt fender piling used for 34.400 iS of i’lors. . . c reoso te
treated . 30”!) x 30’ long log camels and 4’ x 8’ hulk camels are used
together..  .bulk came ls are used in various combinations to form 4’  x lt~

’

sections.
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• Recent fast deterioration of piling and camels caused by marine
borers. . .harbor wat e rs cleaner than ever in memory :

Ltfe E~p~çj ancv Polluted Un~~ 1lu ted

Piles 8—10 years 2—3 years

Camels 10—15 years 2—3 years

• July 1979 contract to replace 400 fender piles and 167 log camels
.wlll wrap both with polyethylene.. .new camels to be 24”D x 47’ long...

increased length will reduce pile breakage. (From telcon , determined that
fender system design will not be changed for this project.)

• New design for aircraft carrier camels.. .steel , fiberglass flota-
tion. . .will be 80’ long to distribute forces.

• Work by contract is started a year after inspection , during which
more work develops.. .always trying to “catch up” .

• If log camels were rep laced as needed , shi p damage to pi ers would
be reduced by 90%.

I. Mare Island Nava l ard

• Present design is considered adequate.. .no new n-sign is require~
.deteriorated fender systems are result of insu~ ficient funds .. .li te

of existing systems is considered adequate.. .new design and new materials
is not required . Mare Island continues to be adeouatelv desi gned berthin-
facility when sufficient funding and personnel are available for water-
front maintenance.

• No major ship—inflicted damage has been reported . All dan,ai~e
determined to be caused by normal wear and tear .

Comment : The above input notwithstand ing , the activity reported
maintenance costs of $2 million in FY 78 and $l.t million in FY 79. It
appears there Is room for improvement.

j. Public Works CenterL_Pearl_Harbor (Provided input for all Pearl
• Harbor activities)

• Pilings broken by impact and deterioration. . .hardware fasteners
and components also damaged during impact. Piling failures occur pri-
man ly within 12 ft. splash zone near the waterline. Damages are caused
by:

(1) Weather changes during docking operat ions.

(2) Fas t docking of ships with tug assistance.

7
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(3) No tug assistance during docking .

(4) Insufficient separators, camels, or others.

• Material life approximately four to five years, but due to heavy
usage and operational damage in several areas, requires yearly renewal.
Due to design and present condition , maintenance cost to replace piling
for upkeep of ships berthing areas Is expected to remain high.

• Major problem is outage requirement for replacement of the piling
.difficult to obtain outages for certain berths in constant use. . .out-

ages are required at high use berths annually because the scope of work
must be a compromise of various requirements; availability of funds, prior-
ity of repair work, availability of PWC waterfront crews, and operational
requirements.

• Shipyard Area — ~iers 02 
— 14.. .present design of wooden piling

is 5’ to 6’ spacing.. .cannot take impact of ships berthing and movements
at dock side...broken r damaged fender system makes berthing unsafe and
causes damage to ship i-reservation coating.

• Wharfs K-6 and - —9 not designed for LSD and LST type ships and L
wharfs K—3 , K—5 , K—b , and K—li not designed for MILVAN operations.. .are
being used as such.

• Coordinating piling replacement with pier availability subject
to last—minute ship movements; mobilization of repair efforts is costly
.currently costs Naval Supply Center about $850 to replace a single

fender pile.

• Overriding problem of piling damage is psychological ; ships berth—
ing at Naval Supply Center piers are not responsible for repairing damage
to the fender system, so a continued maintenance problem can be expected .

• Barges and miscellaneous ships seem to do most damage. . .barges
with protruding metal lathe strips due to poor ship maintenance tear off
large pieces of pilings above the water line.., ships with protruding
structures berthed without camels cause similar damage.

(Other narrative input consisted of portions from the PACNAVFAC
Waterfront Facility Study which is discussed under EFD input.)

The following are excerpts from a PWC, Pearl Harbor letter written In
November 1977 , provided in connection with this study by reference 2, and
pertinent today:

• .. .approximately 3200 shIp movements alongside Pearl Harbor facil-
ities each year.. .average condition of fender systems is fair to poor...
primary problem has been insufficient recognition of recurring nature of
waterfront maintenance. . . relegated to irregular funding of large projects
and contract accomplishinent...waterfront will always be In fai r t o  poor
condition .

8
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• More viable approach...recurrtng maintenance.. .requt*’ement tota ls
$955 K/year... large enough to keep fu ll-time wharl crew busy .

• In addition.. ,$7 million in unfunded repairs , bot h  fender and
structural • should be funded and accomplished by contract .

k. Naval Station , Rota, Spain

• Annual maintenance of fender s \ st ems I v I t t ua 11 v n 1 . . .me St damage
of major scope. . . result of wear • ai’ras I en • ~-e 111  s ion or ~‘t her cent act  with
ships and camels. . . all repa I rs by con t ~~

• Marginal wha r I . . . hung t I mher fend ci  w i t  h ubbe ~ b locks in ‘‘sip’ Cs

aion . Replaced system 4~ 1 970. . . second ii ’pa i i ’ . imminent at  ~~~0K . . .m e’ ’

damage by ships and camels .

• Finger p lol . . .timbei pth ’ s v s l . ’m with inbi’ei ~~~~~~~~~~ . .repa i~~c.i Iii
I ‘~ (s-t , 1 , and I ‘~ ~ . lat ,’st ~~‘rk 1 i’p l a~

-
~ ’s t tmI ’ ,’ l p 1 1 ~~ - ii st ccl -

damage by marine i’e I c  s and al’ i-as I ‘n c~’ ii I s t  on

• Fuel pier .. .ott gtnal iv t inibei l’~ l~ S v s t  i’m . . .  tfl;i le l~ t ; l t  P t e l  I Vp. ’ ~~ ‘‘‘

number e t  sh i js . . . i-ep 1 aced in 1 ‘H~-~ ~.
‘ i th ~‘ ‘ steel p i le  - 1 us t  ~~~~~~~ ml ‘ —

laneous I C ~~8 I i s  hi H70, I Q 
• 1 ‘~ i’ , l’~ . l ’~ ~S at C ~‘ C :il ~‘s I  el .‘\ e i  ~

I ‘-1’Q repaIrs ~ I I I sheath ci ust C V S  with ~.s’~i and add I I 
~~~ ~‘i 

,‘‘~ 5 % i l  i’

mat Ic I (‘ii.l(’ t

1 . N~-~ya I ~h 1~!Ii1’ I ens it;; se , Ct ’ t. ’ii adt ’ , CA

‘l’h Is act iv It v was net I ~ ~~~~ in I l i e  ma I 1 s;; I vi ’’- l’ -c an ‘~~~
‘ I t  1’. 1 t~

ships.  Due to t lie input f i  or’ NAI~ • l i t  1 1 ’ - Ci i’~’t~ 011 0 1 1 1 0 1  ~~\ a t  i’m t ’~ 
,‘ l’ ler-’ ,

in tii. ’ ileach (
~ro ,,i;/ \Clt ;;1 0;; • : el cp l;,’ne Injn ;t i.’:;. l’t .; i;1 -d 11  em i~~’i

The $ a; ’ I I  It ie’~ p 1 aniler t’~~’~ ~‘;~scd ~~i - i t  h i t  ‘1. - a t In  he ‘:ui ev :in.l i i i —

Vt ted (‘1- i 1cplt ’l-ieut at ivt~ to v i s i t  t o t  -‘ii;; t. ’ . lie ’ e j i ’ ~~~~~i tt’ i ,l a , ‘iit I IiIi I% ~~

and ma .‘i ‘I-oh I em o I da mage 0 I I i1tl ’l ’l pt Ii ’ ¶ ,‘tid,- - v  ems • ;iam I ug Mi l\l
boats a s  I male ~ c a ns ’ . 1~I~& San Pt ego pe; t ~‘ im’~ 1, ’ ii i i iii ~‘, ma I I l l  en ;n~ 0
and keeps a stock of tcndci p1 los .11 NM~. in addit Ion , t h e  a c t  i\ i t ~ h i’ .
a backlog of ,‘ I Spec ial l’i o 1e~ t s tot a I lug .‘~~.‘t ~‘I ii;III ii’;; 1 0~ 1~~t (’ I cp-;  ii -

,‘ . I . ,‘ Ac t  lvi t v  ‘os flat a. The ma l l  ~ ;i 1 V , ’V iC.fl u,’ st  ~~,i m at ~i ‘ f l  -in. - 0 and i’pa I
(M~t l- ) cos t  d a t a  WI t h l u l l  1 t’ t ’ogIi i l  ion ot  the vai Ianc ’ In u,;v- i I a c t  i~’ I t  v ,-o ’~1
recording and with an understanding that .‘ht a t I l ing  O a t  a en spe~ it Ic pa l l  a ‘I

fat’ 11 it h’s I s a i w a v s  d l  If i;’u It and oft OIl IIIiI ~‘as 11’ Ic . i’I i,’ i ,‘sn I dl ‘.i’ l ave.I Iii

al’ I ~‘ I I s about as ex pect  ed . Ilu ’ 1 c is en ,- li 51 5~ ’ 1~ ’ 1 1 ‘~ t I . et  I in’ iii ‘ t • ‘ i I. :11
s that can he relied upon. Only kiio~ n in~’ni’red O S I  a \ i ’l C ’  ic p ’ i  I i ’d ii. ’ ‘a

timates of addi t tonal expenditure’s i~e ’iO included , a.’ Iii ’ M,’ti~ hIst .‘iI ,a l I i~~aIi

a t e  eons,’t-vat l y e .  On the other hand , I u t  I f l e’ ~hackl.’g l  eat imat ,~~
. 

~~~~~~~~~~~ ~~~~ 1 il ’ ,’I  .11 •
hut due to tuf 1 it t o n  ai -~’ tisual 1\- met 01 e ’x c ( ’e ’ eie ’d isv t i t e ime I i i i i is :11 ;iv~~ t I ; l’ie

f o r  eX ecuI t  ion.
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2.1.3 Ship Damage Data. With the except ion of the NAVSTA Norfolk Al)HOC Co~ sflte.Study , very little data was submitted on specific damage by ships . Ac tiviti e s
tend not to obtain or record this data; it Is more often considered ‘business as
usual’ similar to potholes in roads. However~ all ac t ivi t ies , except the Ship~-yards at Philadelphia and Mare Island , stressed the extent and constancy of damage
caused by ships. In the mind s of all those contacted , It Is THE fenderin g
problem .

Those few incidents reported are eunnnarised as follows :

a. LHA

Lack of adequa te bulk camels. Storm , moderate sea and wind .
20 fender/li bearing pile s ; $160K .

b. CV

Tug support.

26 fender piles sheared by camel; $221& .

c. Tug

14 fender pi les and complete system ; SilK .

d. Dl)

Wind

Damage to hung fender; $1’uK .

e. Anmto Ship

Wind

F Damage to hung system ; 58K.

The Norfolk study provide s good insight into and the only source of
henaive da ta on , this problem . h Is , therefor e, quoted at length In this
para graph .

“FEN DER PILE DAMA (~F. 51111W

The largest single study conducted by this committee was the catalogin g
of fender pi le damage . A Naval Station o ff i c e r  personally walked piers .
observing damage and causes at least three t imes a week for .~~t weeks
between Ma y and November 1978 . Wh enever poss ible he .‘oncentrated h is
observat I ons a t t imes and loca t ions when ship movements were occurring.
The original study encompassed four pier s : two which normally berth
large shIp s , #5 and #1 , and two which norma l lv berth small ships , #10
and #21. At the fifteenth week a f ifth p ier , #2” , wa s added t o  the
study. Pier #2S was added because it had an energy absorbing fender

11
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system and it was thought that this pier might have yielded significantl y
diff erent data; it did not.

The comittee has studied the data collected during this 28 week period
and finds tha t few conclusions can be drawn . There are many factors
which contribute to fender p ile damage ; however , there seem to he two
major contributors which can be singled out : camels and ship handling/
tug operations. Appendix A is a compilation of the damage study data.
The single piece of information that stands out in this data is that
the probability of damage increased dramatically when camels were used .

The higher than normal damage rate when camels are used was not totall y
unexpected . Camels, especially those relatively short ones (usually
30 feet in length) normally used with smaller ship types , tend to con-
centrate the load on a few fender piles. The data confirms that damage
rates increase with camel usage. Comparing the percentage of ships
using camels to thE percentage of damage involving camels (appendix A)
will demonstrate tl is dependence .

Ship handling , esp~cIa11y when camels are used , seems to be a relatively
important factor I ‘~ damage rate. The committee believes that factor is
essent ially beyond con trol of the Naval Station because of the large
numbers of personn ’l involved and inabili ty to hold an Individual opera-
tor fiscally respc .~sible for damage . In the commercial world this
fiscal responsibility of operators does seem to have a positive effect
on controlling fender system damage.

One historically important cause of damage did not occur during our
study period . This cause was a major storm.

The major conclusion from this portion of the study was that limiting
camel usage should be pursued .

CAMEL USE STUDY

Because of the many discussions surround ing camel usage , the Naval Sta ti on
Port Services Department collected data for a one month period on came l
usage . This da ta is summarized in appendix B. The result of this study
is a confirmation of the conventional wisdom that moat shi ps use camels
to prevent damage to ship sides such as marring of paint . 1-te conclu-
sion can then be drawn that significant portion of camel usage could
be curtailed and that rubber fenders could be used instead .”

2.1.4 En~&,~~~erin& Field Division It~p~~

a. Atlantic Division (Design Divlsion)

• Two recently constructed piers were designed with energy absorbing
systems similar to DM—25—2—7 , figure 2—6 (b). . .indications are that it s
damage will equal that of the standard timber system .

12
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From the Norfolk ADHOC Committee Study :

APPENDIX A

FENDER PILE DAMAGE DATA

CAUSE PIER

5 7 20 21 25

NUMBER OF PILES DAMAGED

Ship handling — camels in use 23 23 16 14 8

Line handling/weather — camels in use 5 13 7 6 5

To tal — camels in use 28 36 23 20 13

All causes — camels not used 12 5 3 0 0

Total 40 41 26 20 13

Percentage of damage involving camels 70% 89~. 88~ 100% 100%

¶ Camel usage by ship pierside 59~- 64~ 3 c?’~ 84%

Note : Piers 5 and 7 are used primarily for large ships such as: CVA , LHA ,
LPH , LCC , AO , AOR, LRA , LPD , and LSD. Piers 20, 21, and 25 are used
primarily for smaller ships such as: DD, DDC , FFG . and FF .

APPENDIX B

CAMEL USAGE DATA

For ships arriving 29 Jan 79 to 28 Feb 79

PERCENTAGE OF
NUMBER OF SHIPS THOSE USING

REASON FOR CAMEL USAG E 
— 

QUERIED 
— CAMELS

1. Keep from damaging ship side 12 63~ 
H

2. Ship configuration problem—
ships such as CVA or LPH 3 l6~.

3. Other operational reasons 4 21%

4. Did not use camels 4
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• Well known that standard system can absorb limited energy . . .concluded
that a majority of systems are under-designed for impact. Two energy sys-
tems designed for impact but not for camels.

• Camels of adequate l ength seldom used/available. Increasing the size
and number of piles has worked well on carrier piers but Is too costly
where random berthing is used . Any future piers, because of experience ,
will likely be designed with a standard driven timber pile system .

• Camels cause largest amount of damage. . . tugs second . Ships out of
control cause major damage but infrequent and not a large contributor. Bio-
logical damage is not significant at busy port.. .overload damage occurs
first.

b. Northern Division

• Present technolo -~v for submarine fendering is limited.. .standard
deep draft camel too ccstly in maintenance and downtime.. .new design not
tried.. .experimental thsfgn will be tried .

• Maintenance pro ~lems stem from overload , biological damage , abrasion ,
chemical deterioration of concrete/steel , failure of connectors/welds ,
destruction of energy absorbing units.

• Failure when kinetic energy of ship Is not properl’. absorbed...
attribut~ible to poor desi gn.

• A low maintenance system is needed even if initial cost is high . A
quantitative testing series is needed to define physical characteristics
of various energy absorbing devices.

In addition to these comments , NORTHNAVFA C provided a write—up and cost
estimate for the test scct ion hvdro—cla stic fender proposed for SIIBASE New l ondon .
This system is addressed in paragraph 3.2.1 and the NORTHNAVFAC input Is contained
in appendix D.

c. Pacific Division. PACDIV submitted six volumes of the Waterfront
Berthing Facility Survey cover ing Hawa ii , Midway, Guam , Okinawa, Phillipp ines .
Sasebo and Yokosuka , Japan. These surveys were conducted in 1977—78 and pro-
vide a very comprehensive report of the condition of facilities at that time
and the Special Projects in the backlog. The surveys, of course , were not
particularly concerned with causes of damage or deterioration nor with the p0—
tential for design changes. The information on fender systems is, therefor e,
restricted to brief statements of type and overall condition . In most cases,
the cost estimates for repair backlogs and Special Projects do not separate
fender sys tems, but include fender repairs with other waterfront work .

The general picture portrayed by the surveys is typ ical . The great major-
ity of fender systems are timber pile or hung timber systems . Both are contin-
ual ly  be ing damaged by berthing forces and require constant maintenance and
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periodic replacement by maj or project funding. Exceptions to the standard
timber systems noted are :

• In Guam, the replacement of fenders destroyed by storm on berths
with solid concrete faces was utilizing rubber ‘por t slide ’ bumbers for
all activities. Also , Bravo Wharf utilizes 10” O.D. rubber bumpers in
conjunction with the timber pile system.

• In Subic Bay, existing timber fenders were being considered for
replacement with a steel pile, steel wale, rubber unit system due to the
success of such a system in use on Leyte Wharf. The cost for such a
change on Alva Wharf was $3.9 million. A similar project for the Supply
Pier was being considered at $2.5 million. It is interesting to note
that the PACDIV survey refers to repair projects for this change in de-
sign which is contrary to comments from certain activities received in
this survey.

2.2 ON—SITE SURVEYS

A principle source of information on the current fender system situation
was on—site visits to the naval activiti~~ in San Diego , CA., and Norfolk . VA.
Approximately 234 ships are homeported at these two comp lexes; 102 at Naval
Station , San Diego and NAS North Island ; 17 at NSSF , Point Loma ; 88 at Naval
Station , Norfolk;  and 27 at NAB , Little Creek. A complete cross—section Q I

berthing problems was observed .

The most important input gained from the visits was ge~ crated from the
knowledge , experience and opinions of the operational and maintenance personnel
who deal with the ship berthing and fendering problems on a day—to—day basis.
As was expected from prior conversation and written Inpu t  to the mail survey,
there is an overall concern that fendering is costing too much in  dollars and
effort and improvements are nee&ed in design , materials and equipment — wi th
variations on emphasis by location . The Naval Station , N-rfolk , ADHOC Committee
study accomplished during the period March 1978 to May 1979 is a reflection
of this concern.

The following paragraphs discuss the visits. The names of personnel con-
tacted are listed in appendix C.

2.2.1 On—Site Survey — San Diego, California. During the period 31 July - 2
August , an on—site survey was made of fender systems at the Naval Station ,
Naval Air Station, North Island , and the Submarine Support Facility, Point Loma .
The coordinator for these visits was the CEL representative at the Public Works
Center. The most significant item revealed in the San Diego survey is the
change in fender design that is being implemented or recommended by PWC for all
activities. As opportunities arise , the conventional timber pile — timber
waler fender system is being revis d to incorporate 18” vice 14” piles at
closer spacing, 12” to 24” O.D. rubber fenders between the top waler and the
pier , and heavier waler construction . The changes are essentially transiting
the San Diego area fender systems from the temporary category to the semiper—
manent category.
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a. Submarine S~j~~9rt Facility, San Diego (NSSF). Discussions were held
witit the Commanding Officer , who also conducted a tour of the piers. The in-
formation received here and from PWC personnel cmphaslzed the above mentioned
design changes and credited them ‘wi th solving the fender problem at NSSF. It
was estimated that Pier 5000 was requiring replacement of 150—200 piles a year
until recommendations contained in the Blaylock—Willis and Associates Fender
System Investigat ion , Pier 5000 (lippendix D), were implemented . These recounnen—
dations were:

1. Docking velocities be minimized as much as possible. This is
of primary importance.

2. Resilient rubber bumpers be substituted for the solid rubber
blocks now connecting the wale to the pier.

3. Existing damaged 16—inch piles and existing piles of smaller
diameter be rep aced with new 18—inch butt diameter members.

4. Rubbing strips he installed on all piling.

5. Care be taken ‘-ith the replacement piles to insure their being
placed in line and parallel to the pier , and

6. Undamaged deep draft camels with minimum lengths of 50—feet
be used exclusively during docking activities.

As mentioned in the A&E investigation and by the personnel visited , berth-
ing of submarines is comp licated by the tidal velocity at NSSF . A low velocity
approach is very difficult when the tide is running. After two years of ser-
vice, no damage has been experienced at Pier 5000 and no maintenance funds have
been required . As a result of this experience , repair Special Projects are
being funded to upgrade other berths. As an example Project R1—78 for Pier 5003
is estimated to cost $375,000 and calls for 18” piles on four—foot centers and
24” 0.0. cylindrical rubber shock absorbers on 16’ centers. It Is believed
that improved alignment of fender piles contributes to the success of the re-
vised system, but there is no way to substantiate this.

b. Naval Air Station, North Island. Brief discussions were held with the
Staff Civil Engineer and a tour was taken of Piers J/K , the aircraft carrier
quaywall and the ammunition pier now under construction . The quaywall is not
really within the context of this study since the only attached fendering I s
vertical concrete bumpers — total ly rigid — that , due to the integral construc-
tion, are part of the quaywall. Pier .1/K has a conventional timber pile—waler
fender system. A large variety of shi ps are berthed with little mechanical
damage to the pier fenders. The personnel available knew of no particular
reasons for the lack of damage . It is believed that the wind—sea—current con-
ditions allow low velocity approaches and that the use of camels Is infrequent ,
both of which significantly reduce incidents of damage.

The new ammunition pier has not been put into service. The fender system
is composed of 18” piles on about 8’ centers , a heavy double waler ~.vs t em , and
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24” 0.0. cylindrical rubber fenders between the system and the pier . It appears
massive enough to give good service. In fac t , this fender system is constructed
in areas where access and water depth restric t berths to small craft.

c. Naval Station L San Die&o. Discussions were held with the Staff Civil
Engineer and his assistant , personnel of the Waterfront Operations Department , - 

-

and planning-engineering—shops personnel of PWC. A tour of certain piers was
also made . The Naval Station is in the middle of a multi-year program to up-
grade some piers , to totally replace certain piers , to improve pier utilities ,
and to replace fender systems. Both Military Construction Projects and Special
Projects are being utilized . As a result , fender systems on complete piers are
being replaced by contract. This program makes an analysis of annual mainten-
ance cost inappl icable , but in conversation it was estimated that $250K - $300K
was being expended from local O&MN funds prior to  the MILCON/Special Project
program as compared with a rate of $75K per year currently for maintenance
performed by PWC.

t The Waterfront Operations personnel provided a good svaopsis of berthin g
conditions (5’—7’ tide , wind conditions , etc.) berthing procedures and prpb-
lems , and the effect of using camels. The concensus was that significant
damage is caused only by extenuating circumstances suc h as storms , hi gh win d s ,
or when small combatants berth unassisted by tugs . Emphasis was given to the
berthing problems , and fender damage, caused by LilA ’s and LPD ’s. These shi rs
require camels and the berthing load frequently breaks fender piles due to
uneven dis tribution at initial impact. An accident Involving LHA~- l was a ~u~ --
ject in the NAVSTA discussions due to the damage caused uCt only t~~ fendering
but to the pier and a collimation tower. This t vp t’ c~ incident i~ not too
pertinent to this study, though, since It does not scem practical to construct
general purpose fendering to withstand such major accidents .

One item discussed by the Staff Civil Engineer ap:1icable t o  all i c t iv i-
ties In San Diego was the quality of materials used in repair—rep lacement of
fender systems . Due to the contrast noted between the excellent materials
used by contractors and the relatively poor materials procured by PWC , a
study of materials available, procurement procedures , and the specifications
used for purchase was made by PWC in conjunction with the Civil Engineer
Support Office. The results were revisions to the specifications and an over-
all improvement in materials procured . This item has possible application to
other naval shore activities.

The Naval Station makes extensive USC of large log camels chained to the
fender system and credits these camels with a significant reduction in pile
damage. The camels are expensive due to the diameter and length required , and
create problems such as erosion of the pile face by rubbing action and break-
ing chains, but the people involved consider the advantage far outweighs the
disadvantages. The benefit , of course is simply the spreading of berthing
loads over a larger number of fender piles.
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Miscellaneous comments by PWC personnel concerning the Naval Station in— —

cluded :

—a specific disagreement with the fender bolt design for the new
Pier 2. It was recommended that the comments be provided to
WESTNAVFACENGC0M prior to start of construction .

—the addition of metal rubbing stri ps on fender piles subject to - - 
-

constant erosion by camols was recommended . The economics of this
addition are questionable.

—one office in PWC estimated annual fender system maintenance
costs of $700K for the San Diego complex with approximately 15%
of the piles being replaced each year . In view of the extensive
project program at the Naval Station and implementation of the new
design at NSSF , these figures are probably history - not applica-
ble today or in the future.

Conclusions reached pei taining to the Naval Station are:

(1) The overall c- .ndition of fender systems is good primarily due
to the projec- program underway but also due to apparently
excellent work performed by PWC using quality equipment and
materials. Piers in poor condition are deliberately not being
maintained because upcoming projects will replace the fender
systems. r

(2) Other than contingencies such as storms, accidents when ships
berth unassisted , and tug error during assisted berthings, the
factors contributing to fender damage are those expected and
relatively mild ; wind action on berthed ships and concentrated
loads in initial impact caused by short camels.

d. Deg~ussin_g Station. A survey was made of the main pier in use. The
pier is protected by dolphins and ships using the facility are berthed with care
as a matter of course. The facility has no fendering problems as such , the
problem being one of overall deterioration and environmental damage to all p11—
ing. No significant mechanical damage is experienced and no changes to fender—
ing design could be recommended .

e. Naval Supply Center Fuel Terminal. This large T-shaped pier incorpor-
ates a standard timber fender system which sustains continuing, significant
damage from berthing ships . It was reported that $150K a year was spent on
maintaining the fender system for this one pier. PWC has recommended the sub—
mission of a project to replace the fenders with a design similar to that used
at NSSF and on the North Island ammunition pier — larger piles and resilient ‘

rubber fenders.

Overall conclusions concerning San Diego include the following :

a. There is not sufficient data available on costs , extent of miscel l an-
eous damage or repair and replacement work performed to substantiatc the

18

____ 4’

I 
— — A —- — ----

—-- 
~1 — ..~~~~~ ~~~~~~~~~~~~~~~ — — __A~~~~.. — —-



—

economics of the change in design, the use of log camels , recurring maintenance
versus periodic total replacement by Special Project and the like. The lack of
data does not , however , negate conclusions drawn from long experience by the
people involved such as the overall benefit of long log camels the operational
necessity of continuing repair by PWC, and the cost benefit of the heavier fen-
der system being phased in. The cost of fendering ships in San Diego , though ,
is significant and warrants more formal recordkeeping by PWC and the Naval Station
of selected locations , changes, etc. to get a better handle on costs , length of
life and effectiveness of changed designs.

b. The use of long , large diameter log camels appears to reduce breakage
of fender piles to a substantial degree.

C. The revised fender design incorporating larger size components and large
diameter rubber fenders will reduce real costs in the long run . The cost of
berths being out—of—service due to damaged fenders and downtime for repairs is
an intangible , but real cost that has been reduced at NSSF.

2.2.2 On—Site Survey 
— Norfolk, Virginia. During the period 20—22 August 1979,

an on—site survey was made of fender systems at the Naval Base , Norfolk , the
Naval Amphibious Base , Little Creek , and the Norfolk Naval Shipyard , Portsmouth ,
Virginia . The principal point of contact for the visit was the Maintenance
Division of the Atlantic Division , NAVFACENGCOM . Mr. R. Graham provided co-
ordination and liaison , having served as the LANTNAVFAC representative on the
NAVSTA AD}IOC Committee described elsewhere in this report. A synopsis and
discussion of the survey follows :

a. NAVBASE, Norfolk. Discussions were held with the Naval Station Staff
Civil Engineer , the former Berthing Officer , and Public Works Center (PWC) per-
sonnel. In addition , a walking tour was made of several piers and a small boat
tour was made viewing the fender systems and berthing practices from water
level.

The fender systems are conventional timber pile , timber waler desi gn
throughout. The newer piers , #24 and #25, were constructed with similar systems ,
differing only by the addition of 12” O.D. rubber fenders attached to the pier
with metal straps behind the top waler. There are no design practices here
that can contribute to improvements elsewhere.

The fenders are repaired/maintained primarily by PWC funded from annual
O&~~J funds by the Naval Station. Repairs by contract using Special Project
funds is a minor source. Current NAVSTA funding is approximatel y $800,000 a
year with a predicted increase to $1 million in FY 80. The only apparent

• local change to the fender systems in recent years is in the spacing piles.
• Through local PWC-Berthing Office agreement , double p i les have been driven in

certain high impact areas. The cost—benefit comparison of this practice is
questionable due mainly to the quality of piles being used and the alighment
obtained. The round rubber fenders incorporated in the newer piers are being
eliminated as sections of fender systems are destroyed and replaced . For un-
explained reasons, PWC personnel consider the rubber fenders to be ineffective
and a part of the problem rather than an improvement .
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The overall condition of fender systems is poor . Almost every t~erth1ag
space observed has a significant section of fendering missing or severely damag d
The backlog of repair work is high and , according to PWC, is increasing. The
impression received from inspection of the piers is that : (1) mechanical damage
is exceeding repair efforts; (2) the ships are living with a slowly increasing
number of missing or broken fender piles; (3) maintenance fund ing is not the
primary problem; and (4) within 2—3 years major repair efforts accomplished by
contract with Special Project funds will be necessary.

Factors contributing to mechanical damage raised in discussions were:

—the effect of using camels which is discussed in detail in
paragraph 2.1.3.

—wind and sea action on berthed ships, including the wave action
created by vessels passing in the channel.

—the elasticity of ~ylon lines that allows ship movement away
from and against ca nels/piers.

The comment was made ti at commercial piers experience less damage because,
among other reasons , they u~~ automatic line tensioners and do not use camels.
No significant amount of das age was attributed to tug handling problems or to
unassisted berthings.

Problem areas derived during this visit that are not discussed in refer—
ence 1 include:

(1) Materials. The southern pine fender piles being used are infer-
ior and unsuitable for an effective fender system. The size of
piles vary greatly; some as small as 9”—lO” butt , ranging to the
14” size designed . The variance in size contributes to the
alignment problem and , therefore , to the number of piles resist—
ing a given load. Untreated piles are used in high impact areas,
which Is appropriate due to the frequent replacement required .

(2) Equipment. The pile driving equipment available at PWC is old
and unreliable. Downtime is a constant problem. The equipment
used undoubtedly contributes to the alignment problem, and pro—
ductivity is decreased since the YD must have tug assistance to
move.

(3) Access to damaged areas is a constraint on PWC which decreases
productivity and increases cost. They reportedly average 5 piles
a day unless driving double piles in an area.

(4) The accumulation of residual fender pile stumps at many piers is
becoming a problem and under present practices can only escalate.
It was reported that in one excavation, ten feet in diameter , 16
pile stumps were encountered .
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Conclusions reached concerning the fendering problems at NAVBASE , Norfolk
are

(1 ’) As concluded by the ADHOC Committee study, camels are a signifi-
cant contributing factor. Along with effotts to better control
the use of cajnels and to obtain funds for longer replacement
came~ s, the ube of log camels should be thoroughly investigated
and a ~ew purchased and tried In high impact/damage areas.

(2) The timber p iles used are not effective . A comprehensive in-
vestigation ot pile procurement , specifications used , and inspec-
tion performed should be made to optimize the materials now being
purchased. As a longer range item , a cost comparison of the use
of Douglas fir piles of larger diameter should be made. This
item would be a part of an over a l l  review of fendering practices
in Norfolk.

(3) Funding and the availabilit y of rep air expertise ’Iabor are not
pa r t s  of the problem. The design u t i l L~ed , the quality of piling
procured , the damage caused by inappropriate use @t short camels ,
and the inefficiency of the equipment , schedul I ug and rest r icted
access for maintenance combine to oroat c the  NAV BASF feuderlng
problem.

Present maintenance capahil it v • prac t ic es  and mater ia Is , in e f f e c t
produce a temporary cat  egorv fender sy s tem.  I he t enders are ser-
v ing the basic purpose of protecting the p icr~ , but a: a hig h cost
In dollars and out — o f— serv i ce  fender svst  ems . T u e  money spent on
the fender ing f ruc t ion is probably very c lose to  • and may even
exceed t he cost of providing a semi—perm anent categor \  svs t  er~
with far less invent ory ou t—of—s e rv i ce  at any point in t ine .

(5) It appears tha t expenditures of $ S O t)K  t o  $1 million a year w i l l
not decrease the repair backlog. Since i nprovement s such as
better materials , new pile driving equi pnent , better camels and
the like are relatively long range , it is appropriate to pro~ ran
major repair Special Projects for fender systems incremented ,
say , during the FY82—S.-e t ime frame .

b. NAB, Little Creek. A brief discussion was held with the Public works
Engineering Division Director , a port pilot and the do ck i ng mas te r  (berthing
officer equivalent), and a tour was made of some of the pie rs and berthing
areas. The fender design at Little Creek is the same as the Naval ~ase. No
recurring maintenance is accomplished. The act ivltv has eLiminated the in—house
capability to replace pile fender systems and relics tot a l ly on Special Project
funding with contrac t accomplishment. During the ~- isit , renewal of the fender
systems was in progress , consequently , much of the inventory is new .

Again here , the consensus of the activit y is that came Is sire the m a j o r
problem. Many of the amphibious shi ps must use camels and mo st of those avail-
able are short and concen t rate the load on a few fender pi les .  It was reported
that new, longe r came l s were being procured . The allied ma lor factor contrihut—

• ing to fender pile damage Is movement of berthed ships caused by wind action .
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The major piers are oriented east and west and the prevailing winds are from
the north or south. The ships berthed have large surface areas subject to
wind forces and movement to and [toni the pier is significant.

The port pilot ’s reco~~ended solution is to drive 5—p ile clusters approx—
imately 20’ apart at berths that consistently require camels. These small
dolphins would accept the load from camels and absorb the impact of ship
movements . This would , in effect , be providing a semi—permanent category
fender system for those berths. The size of the pile clusters would be a
matter of design , but for the Amphibious Base situation it appears to be an
excellent suggestion. It would , also, provide protection for another item of
concern expressed ; i.e., the utility lines located just behind the fender
piles that are subject to rupture . Both fuel and sewage lines were mentioned .

The Desert Cove berthing area is atypical to this study, but has similar
fender system damage problems. The area is used to berth small craft and
causeway sections used by the Amphibious Construction Battalion. Mechanical
damage is significant and constant. It was mentioned that CEL performed a
specific study of Desert Cov~ fendering , circa 1977, which offered three
potential solutions — all tco expensive to implement.

During this visit, ber hing of the PHA-l, USS PEGASUS , was observed and
is discussed elsewhere.

Conclusions reached co cerning NAB , Little Creek, are:

(1) Mechanical damage to fender systems, while probably not as severe
or as frequent as at the Naval Base, can be reduced by improve-
ments to camels used and to fender system design.

(2) The suggestion for using small dolphins for specific berths should
be seriously investigated . All things being equal , a trial instal—
lation at one berth seems warranted.

(3) Based upon the result of an investigation by the Naval Base,
similar consideration should be given to the economics and a
trial of log camels.

(4) The activity, in conjunction with LANTNAVFAC and CINCLANTFLT,
should address the fendering problem in depth prior to executing
the next cycle of major repairs through Special Project funding.
It appears that, in collaboration with CEL and the EFD, improve—
ments over the present design can be effected within current h f  e—

- - cycle costs.

c. Norfolk Naval Shipyard. The visit to the shipyard provided nothing of
value to this survey. There are no fendering problems at td~is activity for a
variety of reasons , including:

(1) Most of the berths are along quaywalls or solid faced concrete
piers which take the impact load directly.

(2) Ships are all berthed with tug assistance , remain at berths a
longer per iod of t ime, and are under the control of the shipyard .
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— (3) The berths are protected , little sea or wind act ion to  contend
with, and the use of camels is more judicious.

1 3  REV i EW OF PREVIOUS STUDIES

Two basic purposes in mind during t h i s  r eview were :

• To ident 1f~ areas hearing on the problem that h*ve been full y invest  i —

gated and that are not subject to sign if leant change; to bent’ ft t from
the surveys of fenders in use that have been made.

• To draw comparisons between findings and practices at ditlorent point s
in time . Changes In desi gn of fenders and apparent r t’sul t s of t hose 9
changes art’ of Interest. The r~ l*t ive cost of maintaining fend er svs-
tents, factors cont ribut ing to damage and reeonsst’nded correct ivt ’ act  I
tried or rel cc ted • arc of value Iii eval ust I ng I hi ’ p r ob l em •

The following provide synopses of the pertinent contt’nts/ pein t s ol the
applicabl e document s

a . Techu teal and Feonom Ic Analyses ot Ft ~ed Fender Sv t ems at len 1’ . S
Naval Stat ions , 1’. T. Lee, 196ci_ bti (unpub i I shed NCEL tochit I c a l  epor t ) -

The purposes of thi s study , sim i tar to the current i ’l l o t  I , w e r e  t o
iden t I fv the inagn It tide and causes ot I eude i- sy s te m  pt-oh 1 ems , t o  i ud cc t he e~~

- - 
en t and cominona l i t v of problems Navy—v Ide and to  ~tc e imi ~ pot ent I a I s~~l ut I ens

that mig ht he achieved t tirotigh o tnt t~t’ sea i c  h • dt’~~ i ~ u • ma 1st eu tu~
- an~1 op.’i at Ic

at ci  to rt • Surveys of  I en act l v i  Ic s wet e con tuc t t ’~t and pe i t I nent I oca I
mendat tons w e re  made for each s i t t ’ . t’hc ore i a t  1 cone I is: ions

• pro blems at d i f fe ren t  a c t i v i t ie s  varied si gni t lean t lv

• large ma tnt onanc t’ co st  s its i t t  ted I u r the i- invest I gal ton

• lack of document at ion prohibited cost — c I t  cot  I vcut’ss ana lv son

• acc idental damage can hi ’ reduced by operatIonal means

The study recommendations were:

• local efforts to Improve design

• keep bette r cost records

• document pi t t ’ length ot lif e serv Ice

• fut urt’ R&D e t t  or t s ~hoti Id concentrate on di’s I gn ci It er I a
related to cost and e f fec t  Iveness

b . Report on Ef fec t  lvi’ Fender Svs t ents In European (‘otint r 1 es • Resse lada and
Van l ookere n Campagne , 1964 , an d NCEL Technical Report R17(~, lQt~’~.
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This report and the CEL review were a part of the mid-sIxt i~’~. ef t o i t
to determine the most e f fec t i ve  direction to take in fender systems for Nivv
piers. They provide good background material on various fender systems In us”
in Europe , design criteria related to port conditions , and relative costs.

Comment : This material is historically useful after a direction for
any future RDT&F. effort has been determined , but provides l ittle toward that
decision.

c. Improved Fender Systems for Shallow and Deep Draft Berths. Phase I,
Dravo Van Houten, Inc . for the Maritime Administration, (MARAD) 1978.

This study , a paral lel to the current CEL effort , is being accomplished
for US commercial ports. Phase I is roughly equivalent to this survey in that
it reviews current fender systems and evaluates problems and type of damage .
Phase ii of the MARAD study Is to present proposed solutions and provide guide—
lines for specifications and design practices, which is roughly equivalent to
any follow-on CEL effort.

The Phase I report to MARAD reviews fender systems design , types and
typical instal lat ions , cost ~, causes of problems and damage , maintenance and
repair of fenders and ship rends. The report is concluded with a ranking
analysis of fender system p ohlems related to types of fenders and prevalence
of use and a priority assigament of design objectives.

This study was accomplished , in part through a questionnaire to 100
members of the American Association of Port Authorities that received a 50% re-
sponse .

Comment: This study is an excellent source of comparative information
for the CEL study. Results and indications front the Navy survey should be com-
pared with the MARAD study. Conclusions reached that vary significantly should
be investigated .

d. Design Criteria for Camels or Floating Fenders, NCEL Technical Report
174 , January 1961.

This report researched and reviewed ship berthing forces, design cri-
teria that should be used and recommends development of designs for two parti-
cular type camels.

Conunent: This report , even though 18 years old , will be useful if the
problem of camels contributing to fender damage is pursued in depth. - 

-

e. A study of Effective Fender Systems for Navy Piers and Wharves . NCF.L
Technical Report R—312 , 1965.

This report provides description , cost , case history, etc. for : stan—
dard pile fender systems , as well as retractable rubber, gravity—type , pneumatic .
and hydra ulic and hydro-pn eumatic systems . Much of the material is useful and
current to the present study.
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The study recoi~nended prototype installations of three fender systems
for testing ; timber piles with rubber fender in axial compression , a retractable
fender design, and a corner pile—fender system with rubber units in shear . None
of the study recommendations were specifically implemented.

f. Final — Concept Study, Replace Pier 2, Naval Station San Diego , Ferver
Engineering Co., July 1978.

As part of an evaluation of alternative p ier configurations , this study
included comparative studies and cost estimates for fendering systems . The types
of fenders investigated were:

• timber piling with rubber units

• cantilevered steel fenders

• prestressed concrete piling

• direct contact rubber cylinders

Energy absorbing camels are also briefly discussed .

Life cycle cost estimates were made for timber pile systems , concrete
piling and a steel cantilever system under various length of life assumptions.
The conventional timber pile system was recommended but for apparently tenuous
reasons .

In the cost analyses, the concrete pile system was very competitive
with timber piles even though a 7 to 15 year life of the timber system was
assumed/predicted .

2.4 RECENT NAVY FENDER SYSTEM DESIGNS

The designs currently being used by the Navy are of interest in this survey .
The following summarizes the design criteria and construction parameters de-
veloped.

a. Pier 2, San Diego

The Concept Study, reference 8, recommended a t imber pile system using
18” Douglas fir piling 4’ c—C at the LRA berth and 15” piling 8’ C—C else—
where , with Goodyear 20R equivalent rubber bumpers (reference 9) and 12” X
12” chocks and waler.
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Design criteria provided by WESTNAVFAC is:

LHA (39,200 tons) governed .

Approach velocity - 0.3 ft./sec .

Effective berthing force — 97.4 Kips

Wind — 40 knots

Current - 0.7 knots

b. Pier 25 , Norfolk

Douglas fir or southern pine piles on typical 8’—4” centers with 10” X
12” ch ocks , 12” X 12” wa ler , and 12” 0.D. ~ 18” long rubber fenders.

Design criter ia prcvtded by LANTNAVFAC is:

A0 ( 38,800 ton .) governed. t
Impact ve1ocit~ - 0.25 ft./sec.

Wind - 77 knots

Current — 2 knots

Comment: Even though designed for an A0 (38,800 tons), the NAVBASE
Norfolk ADHOC Study reported four incidents of damage in
a three week period involving a CGN (10,150 tons), a CC
(7 ,900 tons) and a DD (7 ,100 tons). A total of 13 piles
were damaged . None of these incidents involved unusual
circumstances such as storm , tug operation error , etc.

c. Pier 24, Norfolk

Construction parameters are the same as Pier 25 except for a typical
pile spacing of 9’O”.

Design criteria used is:

AD (21,600 tons) governed . —

impact velocity — 0.25 ft./sec .

Wind - 77 knots 4

Current — 2 knots
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d. SSN Pier 32, SUBASE New London

The design criteria was based on nuclear submarines currently berthed.
Construction was as follows:

— Steel H Piles , HP 14 X 89 , 10’ centers.

— Piles stiffened with 1” cover plates both sides.

— Resilient fender similar to Goodyear ‘W’ ser ies wing trapeziodal ,
3’ —4” long.

— HP 12 X 53 steel waler. -

— H piles are faced longitudinally with 26’ long rubber similar
to Goodyear 8” 0.D./4” I.D. wing type.

e. Shipyard, Charleston

Pier M, three years old — steel fender piles with rubber bumpers.

Pier C, completion in 1981 — same as Pier M.

f. Naval Station, Mayport

Pier A — new cellular bulkhead system currently under construction
will use a steel and rubber fender system.
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SECTION III

DISCUSSION AND ANALYSIS

3.0 GENERAL

The primary purpose of this survey is to assess the potential of an RDT&E
effort to improve Navy fender systems rather than to evaluate and critique
current practices. The conclusions, though, must address reasons and rationale ,
the ‘if so, why?’ and ‘if not that , then what?’ questions , so the differences
are marginal. No study is required to conclude that more careful ship handling
will reduce damage to fender systems. The operations on the water side of the
pier are , of course, a factor, hut since the sole purpose of the shore facil—
ities is to reduce constraints on the operation of the Fleet solutions to
public works problems should be sought that do not further constrain the oper-
ators.

Similarly, no study is • equired to conclude that more detailed and greater
quantities of cost data are iecessary to make comprehensive economic analyses
and comparisons for decisior making. This is a fact in most every facilities
management problem faced. . ctions toward improving fenders should not he
predicated upon recurring c~ Ilection of costs in more detail or the keeping of
operational records. Such .ontinuing data collection and recording is expen—
sive and justification for ‘ sing 0&M funds for it cannot be shown. One time
cost studies of alternative ; and ad hoc efforts such as accomplished by NAVBASE ,
Norf olk are, of course, necessary for decision.

It is useful to this survey to categorize fender systems into three
groups based on intended length of life:

• Temporary category — a fender system designed to absorb the impac t of
normal berthings by incurring damage . By definition , this type of system
should have a low first cost and be designed to be replaced with minimal —

labor and in a short time. An example would be a hung fender , pre-
fabricated in sections, and literally hung on the pier with available
equipment.

• Semi—permanent category — a system designed to absorb the impact of many
berthings and to withstand environmental deterioration for a period of
time in keeping with its cost when compared with the other categories.
Again by definition , this category includes the broad range of fender
systems between the temporary and permanent categories. An example would
be a timber pile system so designed and constructed that it would with—

- 

— stand the forces of ship berthing until environmental deterioration took
its toll. In other words, a system where the material’s resistance to
environmental damage determines length of life , exclud ing major catastro-.
phies. As can be seen from this survey, there are elements within the
Navy that seem to believe the t imber pile systems being designed and con—
structed fall in this category when, in fact , they are much closer to the
temporary category. :~
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S Permanent category — a fender system designed to withstand berthing and
environmental damage for the long—range , say 20 years or longer, again
excluding calamities. A number of these types are described in refer-
ences 4 and 8. Examples in reference 8 are the prestressed concrete pile
system with an estimated life of 30 years and the cantllevered steel sys-
tern with a life of 25 years. In genera l , the U.S. Navy has not constructed
fenders that fall in this category . The initial cost Is high , design/
construction Is more complex , and repair is consequently more costly.
This category is used more o f ten  for single ship type p iers/berths rather
than for general purpose berths that are conunon throughout most of the
Navy ports.

Within the context of this categorization , the question is: which cate-
gory fender system should be used on which pier/for what type of ship and is
there an economically optimum design for the length of life Intended?

3.1 OVERALL ASSESSMENT

By any comparat ive c r i ter ia In the aren a of ma in tenance of rea l property
the current costs in dollars , effort and downtime to maint ain and repair port
fender systems is large. With few except i ons , the peop l e  concerned with
waterfront Opt’ ra t  ions and mai n t enant ’t’ consider the cost s to ht’ oo h igh  t o  i
the funct ion performed and are couvin~ ed t here is much room for impr ovemen t
Except in cases where recent or on—going project work has rep laced t o t a l
systems , the overall condition of fender systems is poo’ t o  fa i r .  In the
majority of b eat ions investigated , the ma in tenance and repair effort Is
char act er ized as an effort t o  ‘catch up ’ as is the cast’ a; Long Beach . 1’hose
act lvi ties that per form no rout Inc maintenance , but rat her depend upon per-
iodic maj or repair prolect  s as does NWS, Yorktown , r is k ~lama~ t ’ t o  ships and
p iers between failure and pro~ ec t execut ion. NAV~ TA Norf olk’ s ct t ort I
sized to ‘keep up ’ and yet backlog Is apparent I y increasing, and the cond I—
t ion of fenders at Pearl Harbor is fair to poor acrt’s~ the board .

In most b eat ions, except t or n,a or ~~~ I dent s • the t cndt ’ rs are p rot cc t I n~the piers when in good repair . but us i n;~. that cotic I us ion In I s~~l at b i t  begs the
question . At what cost in del bars , berth downtime and risk when .Ian~aged
fenders expose the pier? In Norfolk , for example , the impression r e c e iv e d  wa~
that the cumulative feet of berthing t imes the factor of t ime exposed t o
damage because of missing/ineff ective fenders wa s increas ing percept ib ly .

The most depressing informa t ton ~a m e d  i ron the survey was the cont rast
between the uniformity of concerns and expressions of  the prob I ems t ron the
activi ty planning/working levels and th~ lack of un if e m i t r in ft or t s point ed
towards improvements or solutions. People who work in activities on oppo~ tte - 

-

coasts art iculatt’ almost ident teal analyses of the t ender prob l ems . lu con—
t rast , LAN 1’NAVFAC states that any future piers , becau s e of expe rience , will
like ly be designed wi th  standard driven timber pile systems , NORTUNAVFAC
proposes a $2000/LF prototype for submarines , and SOIfTHNAVFAC Is designing
steel pile systems for Charleston and dolphins at Mavport. One opinion ox--
pressed by a naval of f icer  during the survey was that “there should he a Navy
way”.

________________ _______ 
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3.2 RECENT DESIGNS/CHANCES

Changes in fender system designs are being e f f ec ted  but , except for San
Diego , tend to be in specif ic , iso lated cases w i t h no apparent cent ra l Ized
technical direction. As discussed in paragraph 2.2.1 , an evol u ti on a r y  change
to the timber pile system is being implemented in San Diego using larger com-
ponents , closer pile spacings , and adding rubber energy absorbing units.
Other examples of changes inc lude :

• steel pile system with rubber bumpers at Charleston and Subic Bay.

• steel pile dolphins at Mnvport.

• the use of pneumatic fenders in Rota.

• new design for CV camels in Long Beach.

The use of relatively s- tall rubber units and double piles in Norfolk are
not considered significant caanges; I” the first case the rubber units are
being eliminated in repairs , and the use of double piles is only an attempt to
compensate for inadequate tn terials. The changes at two submarine ports are
discussed in a following pa agraph .

The difference in t Imb~ r piles being used in San Diego and Norfolk is
striking. As described , an ef for t  to improve materials procured by PWC . San
Diego, was successful. The parallel situation should be fully investigated by
PWC , Norfolk. Reference 3 contains considerable discussion of various wood
piles pertaining to Norfolk. CEL and CESO can likely provide information to
assist PWC, Norfolk in such an investigation .

The recent Navy designs listed in paragraph 2.4 elicit the following
coninents:

• The Pier 2 design in San Diego cont inues the relatively minor desi gn
change being implemented there and has not been proven for the LHA . With
careful material quality control , exce llent p i l e  alignment , and in combi-
nation with camels appropriate for the ship, this change just may provide
a semi—permanent fender system where the activity of marine borers becomes
the major concern.

• The recent designs in Norfolk are ineffective. With no abnormal circum-
stances , ships of 20—25 % the designed tonnage are wrecking the system.

• Charleston ’s experience with steel pile systems has led to the conclusion
that maintenance costs would be greatly reduced if steel systems were
used on all piers. Implied in this conclusion is that life—cycle costs
for steel would be less. Both Charleston and Little Creek raisc’ the
point that a change in type of fender system , from timber to s te t ’l for
example, is considered an alteration/new construction , funds for which
are far more difficult to obtain than for repair øf existing systems. In
contrast , PACNAV FAC refers to replacement steel s v s t  ems being funded as
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repair projects. It is believed that the replacement of damaged/deterio-
rated fenders on existing piers by an improved design with a lower life-
cycle cost would be deemed repair within DOD rules. This point should be
clarified to all activities.

3.2.1 Submarine Fendering. Paragraphs 2.1.1 and 2.4d contain information
concern ing the SSN Pier 32 fender system at SUBASE , New London. In addition ,
the information provided by NORTHNAVFAC concerning the proposed hydro—elastic
system is included in appendix D. Paragraph 2.2.la discusses the changes made
in the t imber pile system at NSSF, San Diego , and the apparent success of the.
fenders now in use.

The Couinanding Officer , NSSF, related that the conditions at New London
and Point tome create very similar berthing problems ; basically that approach
ve locities are difficult to control under certain conditions and impact forces
on fenders can be significant . In any case, the same type submarines are
being berthed while the approaches to solving the fendering problem are vastly
different . The cost of the replacement timber system at Point Loma is $375/LF ,
the cost of the steel H pile system at New London was $850/LF, and the esti-
mated cost of the prototype hydro—elastic system is $2000/LF. Apparently,
coordinated analysis and a comparative cost—benefit study is in order , which
would also have application at activities berthing submarines not covered by
this survey.

For purposes of reference in one document , the engineering study that
generated the changes at NSSF , San Diego , is also included in appendix P.

3.3 DAMAGE/DETERIORATION

It is no surprise to find that damage caused by ships is the overriding
concern to those responsible for fender systems . At the present time , concern
for environmental/biological deterioration runs a distant second . The inten-
sity of concern over the magnitude and constancy of ship damage and the re-
sulting short length of life of timber pile systems is surprising and not
generally appreciated above the activity level.

As mentioned in paragraph 3.0, this report rejects enforcement of more
careful and restricted ship handling as a solution to fender problems. A
continuing dialogue between the ships and waterfront operation/maintenance
personnel Is of benefit. Each need to understand and appreciate the other ’s
problems. Ai so, having the shore activity publicize the cost of maintenance
and repair of fender systems, without the connotation of finger-pointing , may
increase afloat conunand awareness of the magnitude of the problem. Each side
has a coninon superior , and increased pier maintenance costs are , after al l ,
reducing funds available for operations.

An intertwining thread throughout this survey Is the role of camels in
fender system damage or protection . In some locations — Norfolk , Little
Creek, Mayport — camels were mentioned as a significant cause of damage.
Other activities — NAVSTA San Diego, Long Beach — credit the use of log camels
with preventing damage. The economics of using long log camels at more
locations should be explored . Also, it seems apparent that specific , central-
ized work on coordinated camel/fender designs for CV’s/LHA ’s and subma rines
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would be of benefit . This comment is made in the face of hearing more than
once that the energy absorbing camel design proposed (in the past) was too
expensive to implement.

As stated , the overall concern for biological deterioration is secondary
at the present time. With the implementation of pollution abatement measures ,
the harbor waters are becoming cleaner and marine life more active. As em-
phasized by Long Beach, life expectancy as a factor of biological attack is
decreasing rapidly in certain areas. Any efforts to improve fender systems as
a c.*anter to mechanical damage must take this factor into consideration.

In this regard , CEL has found that the mechanical properties of wood
piles are reduced by preservation treatments. CEL Technical Note TN no. N
1535 of November 1978 presents the result of tests on Douglas fir and southern
pine piles and documents the reduction in flexural properties and compressive
strength caused by chemical treatment . Accordingly, Military Specification —

MIL—P—2 3613 for pressure t reated marine piles warns that dual treatment or
heavy salt impregnation may ç roduce “brittle” piles.

There were few unique c ~uses of damage surfaced by the survey. The
Amphibious Bases at Little C~cek and Coronado have a unique situation at thepiers serving the causeway s?ctions and small craft.  The damage to fenders is
typical , but the type of cra~ t may render any improvements unique in design.Also, Yorktown and NSC, Pear i mention damage caused by barges and miscellaneous
ships. Solutions applicable to the Amphibious Bases may well apply to berthing
of ammunition and other type barges.

The number of survey inputs relating ship damage to length of life of
timber fender systems is noteworthy and is addressed in the following para-
graph.

3.3.1 Timber Fender Pile LenAth of Life. The length of life of the typical
t imber pile fender system is of interest in decisions concerning procurement
of untreated versus treated piles , in expenditures to study biological damage
when such damage may be incidental , and in comparative economic analyses ot
alternative types of fender systems and materials. The organizations at Naval

— Base , Norfolk have agreed that the use of treated piles in impact areas is a
waste of money. As an example of an economic analysis, the Concept Study for
Pier 2 , Naval Station , San Diego, referenc e 8, uses estimated lengths of life
of 7 years for single treated piles and 10 and 15 years for dual—treated
piles. While the activities in San Diego have kept no records of pile length
of life/re placement, from all evidence of PWC wharf builders ’ workload , O&MN
expenditures and the experience of other naval activities these estimates
appear optimistic. On the other hand , the heavier design of 18” piles on 4—
foot centers with 24” O.D. rubber units incorporating highly treated or plastic
protected piles ~~~ last 7—10 years.

To high1ig~t the length of life factor , comments on pile length of life
derived from this survey are repeated here.
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a. Lee, NCEL, 1965—66 Survey.

Pearl Harbor — “prior to the study , the average life was thought to
be 5—7 years. However, significan t number of piles
were being replaced every 2 years due to damage.”

b. NAVSTA, Mayport

“Fender systems have a relatively short service life
due to damage and deterioration. Impacts occurring
at an oblique angle cause significant damage
“Wood pile dolphins have short service life . . .
fuel pier . . . demolished in as little as one year.
“Fender Systems normally require replacement in 3 to
5 years . . . impact damage and attack by wood borers.”

c. NSY, Charleston

“Our timber pile fenders rarel y ever remain in place
long enough to deteriorate from natural causes. They
are broken off beneath water line as ships are berthed . . .“

d. NAVBASE Norfolk

“In high impact areas, mechanical damage is occurring
b e f o r e  biological damage becomes signifI~ att. ”

e. Pearl Harbor — PACNAVFAC 1978

“It has been reported . . . average life for fender
pile and associated fender structure has been .is
little as 1—1/2 to 2 years. ”

f. NAB, Litt le Creek

“Mechanical damage has generally destroyed the system
long before rot or biological attack has affected
system integrity.”

g. NWS, York town

“We have experienced very little damage from marine
borers, basically because the piles are damaged by
ships . . . and must be replaced before their useful
life ends.”

h. LANTNAVFAC DESIGN DIV.

“Biological damage is not significant at a busy port
for overload damage occurs first.”
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1.4 MAINTEN ANCE AND REPAIR

Obvious points highlighted by the survey :

• In busy ports , the widespread frequent damage of timber p iles 1tth l~
to a constant maintenance’,’ repair workload which requ i res re 1 at  lye lv
lengthy access to and outages of berthing areas.

• Periodic maj or rt’pa irs by pros ect funded contract s are required at
all ports , but cannot replace day—t o— Jay maintenance in the larger ,
active ports. Therefore , effective use of funds on fender systems
requires reliable , effective equipment , quality materi als on hand
and astute scheduling of the work crew.

• Certain activities wit h less tempo perform no routine maintenance ,
hut rely on periodic project funded repairs by contract. This is
economically pruden t so long as the projects are funded wit ’i a fre-
quency that prevents p iers being exposed to damage because tender
systems are out ot s~ rvice.

I Timber pile fender s. stems require almost exact pile ali gnment which ,
again , requires eff -ti ve equi pment used by skilled people . Poor pile
alignment coupled w it h margina l  q u a l i ty p i l es assures a high breakage
rate even under non- ~l conditions.

A more subtle indication received is that the constant driving of hun-
dreds of replacement fender p iles is accepted as an acceptable part of the
business of operating ports by many elements in the Navy; simil ar to  the re—
quirement to resurface flexible pavements or to repaint periodica lly for pres-
ervation. The repair of t imber fender systems has become ‘part of the land-
scape ’ to many and the escalat ing c o s ts , declining qualit y of available wood
products , aging of equi pmen t , and increasing inven tory of damaged fenders are
evolutionary rather than cata ’~t rophic occurrences.

Very little can he derived from the cost data in table 1. The major
claimant level is the only practical level from which sufficient cost data
could be obtained and then any analysis would have t o  include the question ,
“relative to what”. The survey , and CEL interest , has shown that in Norfolk
and Pearl Harbor there is intense concern at the act ivitv level over the nag-
nitude of fender costs.

What M&R related trends are indicated? From this survey , only more of
the same can be predicted for the overall shore establishment. San Diego
believes the heavier design will enable them to  get on top of the damage re-
lated maintenance problem and allow dollars and effort to go toward environ-
mental protection of systems. Charleston believes steel pi le systems is an
answer to M&R problems but one that is constrained by high initial costs. It
appears that the situation at NAVSTA Norfolk will become crit ical unless aided
by a heavy infusion of Special Project funds.
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3.5 PREVI OUS RELATED STUD IES

The 1965 NCEL survey of ten naval activities , reference 3, reached cer-
tain conclusions that vary significantly from this report. That large mainte-
nance costs justif y further investigation , of course , is still valid and is a
basic reason for the current CEL review , but the other overall conclusions do
not contribute to this evaluation . To judge the potential of future research
efforts , a macro v-jew of Navy fender systems is more useful than a micro view
of s p e c i f i c  problems at individual activitie s. The result ot~ this current
survey points out the conmtonality of fendering problems at the majority of
activities rather than the specific differences the previous Study emphasized .
The conclusions that accidental damage can be reduced by operat ional means and
that lack of documentation prohibit s cost—effectiveness analyses have been
addressed elsewhere in this report.

NCEL Technical Reports  174 (1961) and R—3 12 (1965) sh ou ld  be reviewed in
relation to more specific fo l low—on work . Their usefulness is in lessons
learned In the past; what was recommended versus what was imp lemented , whicic
ideas and designs provide the seed for future work and whi ch ones are econ-
omically impractical .

The report on coimnercial port fender systems , t-
~ f er en co 5 , provides uo

surprises or unexpected conclusions. The fender pN’l1e~~s and causes are the
same as in the Navy where timber systems are i voive J . Ti~ -~ er is t h e  pre-
dominant type of installation in t he study and the st ~d’~ concluded the chvi - ‘~ o
e.g. • f i rs t  cost  is less , changeover to other svst cos ~a~- not he’ p r a ct  i cal ,
timber systems have higher annua l maintenance c o-~t s .

3.6 UNORTHODOX HULLED SHIPS

Neither the time allowed by the deadline fo r  i lt i s rL -pc ’ r-~ nor the infor-
mat ion available locally allowed an i nves t igat ion  ~‘f t ender ing problems fo r
unorthodox hulled ships. The current examples are the P1-IA . hydrof oil , and the
3KSES , surf act- effect ship. The USS Pegasus , PHA—l , berthed at NAh li tt l ~
Creek , is using t loating , cylindric al foam—filled fenders . When observed ,
there were five in place (at a reported cost in excess of $2000 each). The r~ —
are five more P1-iA’s to be delivered . Are the soft fenders the optimum s~ lut i~ n?
Are they economical considering cost and expected length of life? Similarl y .
what type of fendering is required by the SES and who will deal with this
question prior to delivery of the ship? These ques t ions should he addressed .
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Si-~t ’F ION IV

CONCLUS ION S AND RECOMMFNDATTONS

4.0 SUMMARY

This s u lv t - v  re s u l t s  In two basic conclusions:

a.-- Genera l Purpose Berthing. For the short and mid—range no RDT&E
effort is required . Facilities acquisition and management effort s should
concen tra te on Improving current designs , material quality and installa-
tion methods for conventional fender pile systems . For the long range ,
the Navy should begin considering the potential that wood products suit-
able for  gen eral purpose berthing may not be available in the quantity
required .

b. Certain Dedicated m d  Special Use Berthing. Concentrated , centr alized
RDT&E effort is requited in the near tine frame for submarine , CV/LHA ,
miscellaneous c r a f t  a i d  unconventional ship fendering.

The following paragra ‘hs d iscuss these conclusions and provide related
recommendations . The reco mendations are not restr ic ted to those that may be
imp lemented by CEL.

4.1 GENERAL PURPOSE BERTI(TNG

It is not pract ical  to radically change the fender systems on the large
majority of existing p iers in the Navy . On the other hand , it is practical
to implement a number of improvements to the conventional fender systems that
will significantly affect length of life and maintenance and repair costs.
Research and developmen t are not required for such improvements , but central-
ized studies , cost anal ys~~~, decisions and technical direction are required .
Design prac tices for new piers and for repairs of existing piers are con tin-
uing that are ‘blind ’ to the main tenance of real proper ty fac ts of l i f e  and
are perpetuating increasing maintenance costs.

The reasons in support of continuing the conventional fender systems are
rather self—evident and include:

• The chances of widespread implementation of a new developmen t within
the Navy ’s funding constraints are slim , w h i l e  cer tain impr ovemen ts can
be implemented within the funding level now app l i ed to fenders.

• There is much experience available In  cons t ruc t ion and ma in tenan ce
of conventional systems and improvements within curren t designs would
be easy to imp l ement.

• The 1 ike 1 I hood of d~ v~ lop lug a new desi gn for genera purpose bert i t  I
that would he p! !.. t I cal to I fls t - t  I i  on cx I t i  ng P iers Is low •
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pa irs funded by Spo.- I:; I 1’ ; e c’c t . I~0 no I .‘~~ect i I  0 ot t , ’ lit , ’ t ,~~c I.’ .‘t ma j e t  t .‘pa i t  - .

at ~~ (lvi t (es such 0mm NMI I I ii Ic s. m eek • NAVSI’A Nei l  .‘lk .‘t N\~S ‘m .‘ t l~ t .‘c.i t its i it
lie de~~I gns now In p Ia.- .’.

I ~~~
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6. inItiate an unconstrained ‘fret ’ thinking ’ study that asks the questlono :

• What is the 2O—~O year future of wood products In the U.S. that a; c
requIred for I endc’rl ug Navy ships

• What w wid the Navy ..I~ i f the 0\ - s i l a b i l  Ity and cost factors i tt suclt
moterl.i Is prohibited usc for ft’ndcrlng m-d t ips?

2 CERTAiN DEDICATED AN1) SPE(’ l ‘I USE BERTII I N(:

it It ; r ro e !  I t  a I t it  (I eve I ‘p new came 1—t en d ~‘ r sv St em designs In;; tori :41mm 1 01

selected cr1 t i cal  bet- tIm lug s i - - ct Ions tm~- focus lug diverse • uncoordinated t’f forts
into one Navy effort . Cons id. lug the amount of money now being spent On c e - -
pa l r and mat ntenancc of fenders and repair , c otis t rue t IOti and procurement itt
i-mime ’ is appea rs certal n that i t -  o- des tgus/d i f ? erent materials could he imp I e’ns-t -ct  cci
within current f u n d i n g le vel- : of 0&MN/OPN . The following discusses four ,lremtm ;
where RDT&E type w or L would l’c benefici al

a. SubmarIne Fcnd.’rtii ~~. SUBSUPPF’AC San Diego is installing a rep lacement
timber pile system on all 

~
- i ers berthing submarines at a cost  of $3 0/l.F. Al I

concerned arc convinced th. change will solve - ti m e fender-tug problems and thi -at-m —
t ical ly reduce airnua I maIn euance cos t  s . SUBASE New London has a re ’l at lye 1 

~
‘

new steel pile system . on $850/ I F, and mc 90’ protot ype S\’stent Is planned at
a cos t  of $200s.) LF. These ye rv d I~t f t’rvnt .mppm-oaches mmvi ’ being app lied to  iden—
tical fender lug prob h ems. ‘l’Im is survey did not covet - ti m e activities at Bangor .
W as h ington, and N ittg ‘s Bay (~e.mi-g i i , hut the fe’udering problems fa I I inlet th In
same m~ mi t- e ’got- v . Th ’m- e is mm imeed for a central I :~ed, one Nay’.’ , appr oa ch I .‘ fender-
ing subntarines.

h . ç~_~~~d L  ‘ ri m~. Tue survey sit rim ; cod a numI)er o I conmntent s co n—
corning the prob lems of fender tug these c I 05;: ships. A t NAVST~\ San l)iogo ,
the LIlA was considered Till- berthing prebi em. At Pearl Harbor , a CV came l
sheared 22 fender p i t  i-n w i t  ii the only extenuation being tug support . Long
Beach reports on :100 hIt-nt involving an LilA dur Ing a storm w’i n t  m oderat e ’ sea
and wind that des t roy ed  :1s.~ fender and I I l’t - mi rt ng p iles . Norfolk is dm -iv im m g
small  p ine  fender  p 11 c’s mi t very close spacing to fetid off CV ’s. 1’lte’re appemc t n
to be considerab l  .‘ room for improvements to t h e camel— fender dc -s i gus . At most
locat tons , h -ntits for these large- ships tend to be dcci icated .

c. Bar&e s, Causew;tys~~ Smal raft. The constant dest ruc t ion of t imber
fender systems at Desert Cove , Little Cmee k , and at NAB Coronado in costing a
great deal of money . It would not require much of an improvement in lif e—
cyc he costs to effect overall savings. These b oat  b its , - and other p le’rs serv-
ing barges and miseel lanco us c r a f t , lend themselves  to development of a tem-
porary category system that in low—cost that c-mI tt bt’ pre’ fahr teat cci emil —site
in sections , and that can h..’ Instalhe ’d in ml relat Ive tv short t into .

d. ~L
drofofln and Surface Effect Ships. An discussed In p m ;  tgr :tp hm 1 .6,

the fender I ng for  t hose shi ps has not been do;; I gned and the i- c Is cit rm - ,;i t 1~- to’
assurance that it w Ill be acc omp If  shed in a oem: ; — c i  let ’ t lye tna;mno 1 • ( . - ;m I t o  I —

ized development of opt I mum conic 1—f ,‘tt.1 ,•i’ des I go mm needs to  l’e :1, , omit I i -~1t,  1

rat her than I e:lv I ug d c ;  i gu to  I lii’ Intl lv ide;.; 1 1 ~~
- .;  t I ons /or  go mm t m’ ~t I I i ’ll S it.t t i t t  p

pen to bert h such sIt in : .

I S

- - --~~~~~ -
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4.2.1 Reco endations

1. Accomplish a comprehensive and detailed analysis of the in—progress design
work and current prob lems of submarine fender—camsl designs encompassing inf or-
mation from all major berthing locations . Evaluate the systems in use and pro-
posed and devel op a design or designs that can be procured within economic con—
straints to serve the newest class submarines. Hold in abeyance construction of
the prototype in New London until the initial analysis is completed .

2. Acc omp lish a similar  anal ysis of CV/LHA fendering practices and in—progress
changes in camel design . Develop an optimum design giving consideration to the
construc tion of permanent cat ego ry systems at dedicated berths .

3. Pursue the development of a temporary category fender that uses low—cost ,
readily available materials, and that can be prefabricated and installed with
normally available equipment for use at the Naval Amphibious Bases and other
applicable locations.

4. in conjunction with NAVSEASYSCOM , develop cost—effective camel—fender
designs for the PHA and 3KSES class ships.

5. Accomplish these tasks as a centralized effort. Promulgate the results
as the approved , Navy technical solution to the specific fendering situation.
Require specific approvals for the funding of designs that deviate.
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APPEND iX A

STATEMENT OF WORK

FOR

CONTRACT NO. N00123-78—C—0391

The following Statement of Work is in accordance with Section F, para—
graph 1.

1. Scope. Conduct a survey of ship fender systems at waterfron t facilities
at selected Naval shore activities to: identify, document and analyze design
and maintenance problems; identify damage by ships related to pier design, lo-
cation and sh ip type; collect repair and maintenance cost; and to identify other
common and unique fender system problems. Accomplishment entails review of
design manuals, studies and other documen ts for background , on—site investigatory
data collection surveys, development of a comprehensive data collection form
and a mail survey of certain activities, and preparation of reports as specified.

2. Period of Performance. The work is to begin upon receipt of the task-
ing document in February 1979 and continue through submission of the final report
and consultation in September 1979.

3. On—Site Surveys shall be made at the San Diego Naval complex , Naval
Station Long Beach , Naval Shipyard Puget Sound , Bremerton , Washington , and as
de termined by the sponsor , Naval Base , Pea rl Harbo r Hawa ii .

4. Reports. The findings, conclusions and recommendations shall be provided
in a final report  not la ter  than 15 August 1979. .~~ draft report shall be submitted
for review about mid—July. The report is to provide :

(1) A comprehensive review of the adequacy of current fender systems ;

(2) The effects of damage by ships, maintenance/repair costs and downtime ,
length of life , etc.;

(3) Conclusions concerning an RDT&E project  for  fender systems .

An original and ten copies are required . Monthly progress reports shall be
provided in letter form for the duration of the study.

A-i
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APPENDIX B

REFERENCES

1. Naval Station, Norfolk — Report of ADHOC Committee on Pier Fender Systems ,
May 1979.

2. PVC, Pearl Harbor letter 101: FS of 16 August 1978 to CEL.

3. Technical and Economic Analyses of Fixed Fender Systems at Ten U.S. Naval
Stations, T.T. Lee, 1965—66 (unpublished NCEL technical report).

4. Report on Effective Fender Systems in European Countries, Resselada and
Van Lookeren Campagne , 1964 , and NCEL Technical Report R376, 1965.

5. Improved Fender Systems for Shallow and Deep Draft Berths. Phase I,
Dravo Van Houten, Inc. for the Maritime Administration , (MARAD) 1978.

6. Design Criteria for Camels or Floating Fenders , NCEL Technical Report 174,
January 1961.

7. A Study of Effective Fender Systems for Navy Piers and Wharves, NCEL
Technical Report R—312, 1965.

8. Final — Concept Study, Replace Pier 2, Naval Station San Diego, Ferver
Engineering Co., July 1978.

9. Goodyear Marine Fender Manual.
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APPENDIX C

— Mail Survey Information/Data Forms.

- Naval Activities included in Mail survey.

— Personnel contacted during on—site surveys and points of contact provided
by correspondence.
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I

SURVE Y OF NAVAL PORT FENDER SYSTEMS

The information requesteki in this survey will be used to jud g. the ad.—
quacy of current fender sys tems and to determi ne the po tential of a RDT&E
project aimed at improving design. lowering maintenance/r.paj . costs and time

and developing new concepts.

1.. Evaluat. and count on design of fender systems, dolphins, etc .

— 

- 
- 

- 
- 
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- SURVEY OF NAVAL PORT FENDER SYSTEMS - ‘t.

2. Comesnt on maintenance problems , length of life of materials and the like

ste ing from design, local conditions , or factors other than damage. Pro—

- 

vLd. maintenance/repair costs on Attachment 1. 
-

I -

I

C—3 I
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SURVEY OF NAVAL PORT FENDER SYSTEMS - con ’ t.

3. Provide overall analysis of da~nage by ships as it pertains to design,

maintenance , down— time , etc. Provide examples of ship damage occurrences

in the format of Attachment 2.

ii
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SNIP DAMAGE TO FENDER SYSTEMS

ACTIVITY : 
_____________________

PIER# 
_________________

TYPE OF CONSTRUCTION: ______________________________________________________

TYPE OF SHIP: 
______________ ______

DESCRIPT ION OF DAMAGE:
.5

CONTRIBUTING FACTORS :
(Wind , Tug Support , etc.)

COST OF REPAIRS :

c-~ ATTACHMENT 2 

~~~~~~ - - -  
_ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~ ~~----_________
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Naval Activities 1nc~1uded in Mail Survey

Submarine Base , New London

Naval Shi py ard , Philadelphia

Naval Shipyard , Charleston

Naval Shipyard , Norfolk

Naval Sh ipyard , Long Beach

Naval Shipyard , Mare Island

Naval Shipyard , Puget Sound

Amphibious Base, Little Creek

Naval Station , Norf olk

Naval Station , Mayport

Naval Station, Roosevelt Roads

Naval Stat ion, Rota

Naval Station , Cuantanamo Bay
L

Naval Station, San Diego

Naval Weapons Station , Yorktown

Naval Air Station , Alameda

Naval Air Station, North Island

Submarine Support Facility , San Diego

Public Works Center , Pearl Harbor

Public Works Center , Subic

Public Work s Center , Yokosuka

SOUTIINAVFACENC.COM

LANTNAVFACENCCOM

NORTHNAVFACEN CCOM

P At NA VFACENc,COM

WFS TNAV I- ACENCCOM

Cfl F~SNAVFM ~EN (~COM

C- 7
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Personnel Contacted Durin& On-Site Surveys

PWC, San Diego

Mr. I. Breedlove
Mr. H. Koehier
Mr. J. Jasperson
Mr. J. Deuchars
Mr. E. Brown
Mr. J. Bruce
Mr. J. Squiers — CEL representat ive

NAVSTA, San Diego

LCDR D. King — Staff Civil Engineer
Mr. J. O’Connor - Asst . SCE
Mr. Warner — Waterfront Ops
Mr. Blair — Degaussing Station

NSSF, Point Loma

CDR. E. Dempsey - Conunandin~ OfficerEns . Dullum — Asst. SCE

NSC, San Dieg~

Mr. W. Kalberer — Fuel terminal
LT. Baltikauski — Staff Civil Engineer
Mr. J. Falk — Facilities Planner

NAS, North Island

CDR C. Gardiner — Staff Civil Engineer

Atlantic Division, NAVFAC

Mr. F. Campen - Maintenance Division
Mr. W. Russell - Maintenance Division
Mr. R. Graham — Maintenance Division

NAVSTA, Norfolk

LCDR R. Hoyt — Staff Civil Engineer
LCDR Mercer — Berthing Officer

PVC, Nor folk

Mr. J. Barnes — P&E
Mr. J . Thornton - Waterfront Maintenance

C—8
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NAB, Little Creek

Mr. W. Niven — Public Works Dept.
— Port Pilot
- bocking Master

Naval Shipyard , Norfolk

CDR R. Endebrock - Asst. Public Works Officer

Other Points of_Contact

Naval Shipyard , Charleston Mr. V . Svendsen
803—743—3976

PWC , Pearl Harbor Mr. F. Sh i roma
808—471—0065

PACNAVFAC Mr. J. Moses
808—471—3215

Naval Shipyard , Long Beach Mr. L. Smith
213—547—6608

NAB , Coronado Mr.  Joe ~~mt’
7 1 4 — 4 3 7 — .’4 3 (~
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APPENDIX D

WO APPROACHES TO SUBMARINE FENDER INC

— Proposed Hydro — Elastic Fender System ,
NORTHNAVFACENGCOM

— Blaylock — Willis and Associates, Fender System Investigation, Pier 5000,
Navy Submarine Support Facility, San Diego

D— 1.
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PR WO SEP UYPR ’- I~I~A~T1C FF~NIWR S\ STEM
NOR1HNAV FACENCC (M1

A hvd  :-o - 
~ ‘ 1 a I ~

- fen der  sy t em em p I ev lug a mat r lx of submerged w~’ t ei i t  as
an t:er~~\- d i pat lug  rneeh :t t i  I sin I ;  pi post’d t t f l  U S t ’ at  s~t nai~ I fl( ’ p I i ’r I n s t  .i i
1 at Ions . The energy  d ~ s p at I ug dev ice  I s a i .‘c t :tngt i  I at  box ens t at  I i i t ~ of a
sol i d  I rout  pia t e I n s t a l l e d  w i t h  i n  :1 cOn t intiou s s tee I gr i d s ct ’nipt t ’~~s on spr I ~~~
1 ex i b Ic  ~

‘ 1 ai i. ’s and a pci t et :iI ed hack p 1 at e  I us t a lied w I t l i t  i: a st’cond gi ld
S tee I I euder p11  t ’~~~ t op ~ otiu~- C t  (-d t o  t he p1t9 N O ’ Ide I at e ta~-~~- ~l vi’ i t  I ~.i
ii~ ~er t  . The compress  ion spr Iu~ cons t s t  of  hut_ v  1 rubber s p . I C & ~1~5 and art ’

l oc at ed  be tween  t h e  tw o g r i d s .  .\ p r e l  ln:-(uai\ -  ~n~~1~-s l s h a s  been rn.ide t o  st  nd ’
the  dvnain Ic i-espouse ot the  s’~ st -n~ to  the  Impact of a n u c l ear  subm.’ar I r n .  Tlii ’
t-csul ts  m d  I ca t  e t h a t  t he I n t i  e~ rn- t Ion of t hi ’ hv dro — e last  Ic e l enient d l  I 

~~~~ 
t es

iwar ~~ one hal  t of t he  ber t  h i  n~ kinetic energy  and subat  an t  j a i l  v ri -di i ~-c~ t h e
peak Impact  force on the p11 o~ . F u r t h e r , t h e  a f t  e r—imp ac t  ose i l l  at  Ion of (h i ’  

—
ve~~~’ I dur  ng the  b e rt  hi lug m aneuver  Is reduced . The fender  svst  em is relat I ye l v
econoin I c a t  to  I n s t a l l  ~~~~~~~ s I nii ’  I c  in opei-at I on and ma in t enance

Fender ing svst  ern~ c u r ren t !  v Installed at iuauv sulmiar Inc ber th  I u~ 1 ocat  ions wer i ’
~h t ’~ igned and built at a t irn when ~l I esel powered boats  dorn I nat  e l  t lie fleet
The v esse l s were smaller , 0 I esser dl ap i acemen t and much more maneu~-c rat ’ it ’
than are the flue tear submar nt’s of recen t ye ar s .  As sh i p  Si ~~~~

- I i’e I eased and
manut’verabl l i t  v decreased , ‘et t h i n g  t o i -ces  became h i  g hn ’r and darnagi - t o fendt’i-
svst  ems became a common oec i- i-ence.  When r eal 1st Ic  va lues  a t . - aas  I gued t o
docking vt’l ec it tes  and mass i t  becomes app ar en t  t ha t  he e x Is t  ug systems do
not possess the  s t r e n g th  of energy d l  ssi pat tu g  cap~ h l i l t  v u.’edt ’d to  cOunt  ci
the  b e r t h i n g  fo rces  w i t h o u t  damage .

Most of the  fe n d er in g  i nnovation s  ~roposed over the  past few decades addressed
sur face  shi p appi l e nt  ton . Lee (1)  ( ‘)  has i-ev i ewed desi ~n cr 1  t e t  1.i and  fender
systems for mar tr io u s e  wh I cli i nuged I i-out the st andard  t tuihet - ~‘l l  t ’s t o h i v dr a u  i i ’-
and hvd r aul I c—pncuma t I c svs  t cuts . The con t I gurat (on of nuc lear  subma i I nes lieu.’-
ever , impose some s pe c Ia l  demands on a fende r  svs tern.  For examp le , (a  t The
major beam and t her e f o r e  I t  contact  w i t h  (h i ’  f ender  I s  si gi: ( I I  ~~~~ lv  he low
the water  level , (b )  Thert’ are sons I t I V~ appur ten ances  at the fo r w ar d  and ~~t

extremes wit I ch r e q u i re  p rot e’c t ion duir tug  b er t h i n g  and (c ’) The c ~ i i  u:dr I ca l
hull form concent rates loads in al .1 hut a beam—on approach . l’e sat 1 s t v
these special  demand s f l oa t  lug camel a have been developed and .i i-c in common
use.  The more soph ist i ca t ed  provide a hi ghi degree of  enet -gv d I ss I pat ion and
are e f f e c t iv e  in d i s t r i b u t i n g  forces over a large area . However , I b a r i n g
camels introd uce addi t iona l  operational requirement s and reduce manueverlng
space. Further , the~’ have a tendency to “r i d e ” i- i, In  t I ye t o  t h e  p i e r  St r uct  ur e

and have a it I story of relat (vet y high maintenance c os t s .  The t tv d  ro - i’last Ic
system described herein Is considered to hi’ highly suItable tot submarine
app lica t ion  and comb Inca the  inher ent advantages of a float lug camel with
the operational advantages of a f ixed fender.

The hyd r o—c last Ic fendet -  is an Int egral  u n i t  cons t a t  tng ~~ t t ~ie e x t  t ’i - I or and
interior  gr ids , f ront  pressure p late , rear o r i f i c e  j~lat e  and compression
springs of resilient rubber elements. The en t i r e  sy stem Is hung from the fender

1)- 2 
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u iles with above water bolted connections . The design based on a uni t 90’
— -)“  long X 30’ —0” high constructed of three panels to simplify fabrication.

It is a “softer ” system in response to dynamic loadings when compared to other
fend er p i le sys tems wi th or wi thout resilient compression springs . The delayed
and di ssipat ive response reduces substantially the level of kinetic energy
and impulsive force. The system shown schematically in Figure 1, consists
of a cushioned steel grid in contact with: the submarine, a r ectangular
energy dissipating “box”, compression springs, a rear grid and piles. The
solid front plate and the rear perforated plate are incorporated within the
grid systems. The box is necessarily located below the low water level so
that the submerged water jets can be impulsively activated and discharged
into the water behind the piles. To insure an effective dissipation of kinetic
energy by these submerged jets, a low porosity of the perforated plate Is
required . However , an insufficient porosity would result in an undesirable
“s t i f f ” system. A proper tuning between the porosity of the plate and the
resilient compression spacers is an essential element in design of the dynamical
a vs tern .

In addition , the flexure characteristics of the grid and pile structures are
also coupled w i t h  the dynamic response of the energy dissipat i ng box . Thi s
is accomplished by varying the f lexura l  p rope r t ies of the gr id un t i l  t h e
resulting end conditions are in agreement with the end conditlori requirements
fo the hvdrod ynamic box . The portion of the energy net dissipated by the
submerged j e t s  Is absorbed by the rema i nder of the  svs t e ;n  as i n t e r n a l  s t r a i n
energy . it is possible to treat the coupled svs t  i-rn in i t s  e n t i ret y  by a
generalized single—degree--of—freedom analysi’; (3).

Exterior and interior grid elements are detailed f o r  c o n s t r u c t io n  in 30’ —0”
X 30’ —0” panels and could easi ly ht~ shop fab r i ca t ed . The c o n n e c t i on s  a re  t o
be fully welded moment resisting connections lot t I t e  purp o~~t’ of maki n g a
positive closure . The front pressure plate and the back orifi ce p l :itt are
to he bolted for easy removal and installed over flexible spat-lug washers.
The resilient comp ression spacers shall he held in place w It h short sect loris
of pipe welded to the grid. The interior connection is plate fastened for
convenience.

Short lengths of chain shall he i’rovided at intervals to connect the two
grids together. In addition to aiding In erection the chains maintain the
integrity of the system should there be a tendency for the ex te r io r grid to
move outboard . The wire cables support the entire vertical, load of rIte

- 

- 
exterior and are provided wi th turnbuek les for posit ioning.

The three 30’ —0” panels are to be connected together to provide l ongitudinal
continuity. The connections between the horizontal members of the outer
grid should develop the full moment capacity . Wit h the use of f l o a t I n g
equipment it is possible to Install a full 90’ —0” unit witho ut requiring
underwater connections. Should operating conditions warrant additiona l QO’
—0” uni ts to be installed , they may be bolted in place. The type of connection
is dependen t upon the an t ici pated hit conditions.

11—3
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Fender piles are required to provide support , both laterally and vertically,
for the fender system . Fender piles should be driven to an exact tolerance.
If driving tolerances are too great , spacers should he provid ed to insure the
grid will bear reasonably u n i f o rm l y  on the pile system. Connect fender
piles to the pier deck using solid t imber spacers . Usc shims or cut as necessary
to make up any variance in pile tops and deck.

The estimated cost of the Hydro—Elastic Fender is approximately $2,000.00
per linear foot. The system is considered economical when compared to other
fenders which would satisfy the high energy dissipation requirements. it
is to be noted that the effective energy associated with the 1.69 feet per
second veloc ity is over 12 times the energy of a 0.5 feet per second impact
velocity commonly used . Measure d in cost per foot pound of energy dissipated ,
the system is highly economical.

1
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Material Cost

Steel Fonder Piles 18000 lbs x $ 0.30 = $ 5 , 100 .00
Structural Shapes 50003 lbs x 0.30 15,000.
Bolts 750 lbs x 0 . 6 0  = 4 5 0 .
Pipe 100 lbs x 0.50 50.
Chain 10 ift x 5.00 50.
Turnbuckles 6 ea x 25.00 150.
Clevises - 12 ea x 2 5 . 0 0  = 3 0 0 .
Timber 2500 bf x 1.00 = 2 ,500.
Rubber Elements 24 ea x 1 5 0 . 0 0  = 3 , 600.
Cable 100 lbs x 0 . 7 0  - 70.

- Total Material Cast $ 27 , 5 7 0 . 0 0

Fabrication and Erection Cost

D r ive 3 Fender Piles 3 ea x G00.00 1,S00.00
Cut Structural Shapes ~32 pcs x 30.00 l,t~00.Pipe 24 pcs x 4 0 . 0 0  9~~0.Chain 12 pcs x 20.00 = 2 4 0 .

Timber 16 pcs x 30.00 480.
Cope Steel Ends 40 end : 90.00 360.
Drill Holes Steel 680 ea x 5.00 3,400.

Timber 130 ea x 3.00 390.
Weld Structural Steel 40 jts x 150.00 6,C00 .

Chain Rings 12 ea x 30.00 3~~0 .
Cable Plates 12 ea x 40.00 =
Pipe 24 ea x 20.00 = 480.

Field Drill Holes Steel 12 ea x - 20.00 2.10.
Concrete 6 ea x 200.00 = 1,200.

Attach Timbers 80 mh x 20:00 a
At-each Rub ber Elements 80 mh x 20.00 1,t~00.Assomble Inner to Outer - 60 mh x 20.00 = 1,.~00.Erect Into Place 40 mh x 20.00 a 800.Crane 

- a 3,000.
To tal Fab~:ication and Erectio& Cost a $ 24 ,100.30

- Total M.~tcria1 Cost 2’,570.00

Total In-Place Ccst $ 51 ,670.00
15% Surcharges 7 , 7 5 0 . 0 0
Total System Cost 30’ $ 59,420.00

Unit Cos t ~er Foot — $ 1, 9 8 0 .6 7
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Extract from a Blaylock—Willis and Associates report of Junuarv 1978.

Navy Public Works Center
Naval Station
San Diego , Calif orn ia 92136

Subject: Fender System Investl g.ir ion , Pier 5000 at Navy Submarine Support
Faci l i ty ,  San Diego , CA 92106

ABSTRACT

At the direction of the Navy Public Works Center, an Investigation of the
fender system of Pier 5000 at the Navy Submarine Support Facility was made.
The various aspects of the invest igat ion , the reason for the failures ex-
peri enced , and the subsequent engineering analysis are described herein.
Engineering calculations , c~- nputer readout sheets, and construction documents
are appended .

It is recommended that:

1. Docking velocities be n- ,nlmlzed as much as possible. This is of p r i m a ry
importance.

2. Resilient rubber bumpers be substituted for the solid rubber blocks now
connecting the wale to the pier.

3. Existing damaged 16—inch piles and existing piles of smaller diameter
be replaced with new 18—inch butt diameter members.

4. Rubbing strips be installed on all piling.

5. Care be taken with the replacement piles to Insure their being pLh-ed
in line and parallel to the pier, and

6. Undamaged deep draft camels with minimum lengths of 50—feet be used ex-
clusively during docking activities.

SCOPE

The scope of work for this project was directed at three gener&d ~-onstderat1ons :

1. Inves tigate the existing fendering system of Pier 5000 and determine the
reasons for the unusually high rate of pile damaging along the north side
of the pier.

1
• Provid e recommend ations for the best method to Increase the strength and

resi l ience of the fender system .

3. Provid e construction documents which det ail the recommendations.
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DISCUSSION

The investiga t ive portion of the work included surface inspection of the fender
system and discussion of docking activities and fender repairing procedures
with the various concerned Naval personnel. On two occasions, the project
structural engineer dove with scuba equipment to inspect the condition of the
fender piling under the water and the condition of the deep draft camels.

Due to the lack of preci se information , the tidal flow veloc ity was measured
• at two locations adjacent to the pier during a critical ebbing tide . The sur—

face velocity was measured using a static drogue .

The project engineer was unable to observe actual docking procedure at the
pier. However , the sequence was described to him verbally and assurance was
given that the vessels were moved norma l to the pier at the time of impact ,
and that the docking velocity could be controlled in spite of the tidal cur-
rent.

Pertinent information determined from these inspect ions include the following :

1. Where the original 16—inch piles have been replaced , they have been re -
placed with 14—inch piles.

2. The metal rubbing strips original ly installed on the p iling .ire the type
used with shallow draft camels, and are not comp letel~ effectiv e with the
deep draft camels used at this pier . As a result , damage and loss of
cross section has occurred to the piling below the rubbing stri ps.

3. The metal rubbing strips have not been reinstalled on t t i t ’ r op lacetuent
piling. The result has been damage to these p i l in g  along a considerab le
part of their length.

4. All of the original piles observed in the water hav e been dama ged I-’v mar i l l e
borer activity to the extent that their strength has been s i gn i f i c a n t l y
reduced beyond that recommended to resist the c r i t i c a l  do ck ing fo rces.

5. Many of the replacement piles have not been placed in line with each other
or with the original piling. It is conceded to be a difficult problem t o
place a new pile in an in tended posi t ion at this pier due to the length
of the piles being used and the varying rate of tidal tlow . Apparently ,
there is also a considerable problem in extracting the broken stubs of

— previous piling with existing equipment. However , with  the r e a l i z a t i o n
tha t serious d i f f i c u l t ies may exi st in accomplishing the proper replace—
men t of damaged p iling, it is earnestly recommended that  special effort

be made to place these piles in line ‘with each other.

6. Some of the deep draft camels currently in use have s~~tained damage and
are consider ed to be unable to perform as required .

7. In the late morning of Decenther 20, 1976 , during an ebb tide which amounted
to an elevation difference of 8.7 feet in approximately seven hours , the
surface veloci ty was measured at two locations north of the pier. In line
with the outer end of Pier 5000, the velocity was determined to be 1.15
fee t per second . In line with the outer end of the new pier 5003 ., it was
easured at 0.81 feet per second .

0-7
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it beconx~s appai- ent that the best ~t’lut ion to the problem as d e f i n ed above Is
not necess:u-1 l y the ideal eng ineer i~~~~ so l u t i o n .  C o n s i der a t i o n  mus t  h~- ~‘Jven
to budget limitations • the necessi t  v of k e e p i n g  the pier In use during fender
modifications, and need to accomp lish the modificattons quickly . Also , it Is
considered desirable to accompli- .h the solution with as little change to dock-
ing procedures and existing fender design as possible.

The princi pal reconmiendations arc that  the f t - nder ing  system t ’e m o d i f i e d  to sub—
sti tute a resil tent rubber bumpet for the solid rubber block which now sepal at e~.
the wale from the pier , and that 18—inch piles be installed. However , the
total fendering system must include deep draft camels which art’ a minimum of
50—feet in length . This is most i mportant . Otherwise, the computed docking
energy cannot be dissipated properl y and further breaking of piles will result.

For energy computations , dockliig velocity is taken as 0.5 feet per second at
impact. This velocity Is less than the recorded maximum tidal velocity. There-
f ore , during the time that the heavy ebb tide is flowing (1) there should be no
docking of large vessels at he north side of the pier , or (2) the docking tugs
must establish a speed upcur~-eiit so as to reduce the velocity of impact.

Calculations were made to s* pp or t  the design conc lusions of this report. The
approach to the engineering solution is as recommended by Navy Manuals DM—2 S
and DM—26, with the cxceptl~ u that the mass of the vessel used in the  energy
computations is the actual i .-tss of the largest vessel intended to be moored
at the pier in the near fut re. This figure is taken as 8000 l ong tons , w ith
no increase for the hydrodvuamic mass. It is felt that for a vessel of the
type being moored and an open pier , the difference between actual and virtu al
mass would be small. In any t-egard , the most important consideration in de-
termining docking energy is the velocity of the vessel when impacting on the
fender system, inasmuch as the energy varies as the square of that ve loc i ty .

The basis of the calculations on energy dissipation was taken to be that  maxi-
mum stress which a sound pile of 18—inch butt dimension can be expected to rake
when subjected to an analogous concentrated load from a deep draft camel. The
addition of the resulting pile deflection to those dimensions resulting from
(1) the compression of the f ender system, (2) the deflection and compression
of the 50—foot camel, and (3) the deflection of the resilient rubber bumpers .
results in the total distance through which the docking force is moved in
order to dissipate the energy of docking.

The deflection of the wale at the docking location was investigated by computer
to determine the magnitude of the resulting bending stress. These were deter—
mined t~~be within acceptable limits.

Tb. use of an 18—inch pile with a 50—foot camel was selected as a more desirable
alternative than a closer pile spacing of smaller piles and a shorter camel.
The minimum number of piles acting during docking is six. This presumes that
the piles have been placed properly and are in line para llel with the pier.
Any pile not in line—to the fron t or to the rear—handicaps the proper function-
ing of the system. Too far forward it Is deflected , and fails before ad.jacent

--
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piles have assumed their proper load; after failure it leaves the system def 1—
cient of strength and resistance . Out of line to the rear, it never reaches
its maximum loading until adjacent piles are deflected beyond their capacity.
It is recoimnended, theref ore , that exceptional care be used in placing these
piles in line. ’ it is suggested that a diver be used to confirm the pile tip
location prior to driving the replacement pile.

The use of floating log camels in conjunction with deep draft camels should be
discouraged as this provides a mechanism whereby the deep draft camel is corn—

• pelled to rotate about the log and impact on the piling at a lover elevation
with a concentrated force.

a
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SECTION 2A
PIER TIMBER WORK AND TIMBER PILING

1. APPLICABLE PUBLICATIONS: The following publications of the issues
listed below , but referred to thereafter by basic designation only, form a part
of this specification to the extent indicated by the references thereto:

1.1 Federal Specifications :

VV—P—236 Petroleum , Technical.

1.2 American Wood Preservers Association (AWPA) Standards:

M—4—74 Standard for the Care of Pressure
Treated Wood Products.

1.3 American Wood Preservers Bureau (AWPB) Standards:

MJ’—l—7 l Standard for Dual—Treatment of Timber
Piling Pressure Treated with Water—
Borne Preservatives and Creosote —

For Use in Marine Waters of Extreme
- - Borer Hazard .

1.4 American Socit ty for Testing Materials (ASTM):

A53—73 Welded and Seamless Steel Pipe.

A123—73 Zinc (Hot—Galvanized) Coatings on
Products Fabricated from Rolled ,
Pressed , and Forged Steel Shapes,
Plates, Bars and Strip.

*153—73 Zinc Coating (Hot—Dip) on iron and
Steel Hardware.

A307—74 Low Carbon Steel Externally and In-
ternally Threaded Standard Fasteners.

- D25—73 Round Timber Piles.

D2000—70b Elastomeric Materials for Automotive
App lications.

2. SUBMITTALS :

2.1 Certif icates:  Before delivery of materials a c e r t i f i c a t e  of
compliance for the preservation and preservative treatment of piles shall
be submitted to the Officer in Charge of Construction.

D—10 
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3. GENERAL REQUIREMENTS: The work shall include the removal of por-
tions of the existing fender system consisting of piles, wales, chocks, and
blocks and the furnishing of all necessary equipment and materials and perform-
ing of all labor for pier timber work, for all timber piling , and connections ,
all to be as indicated and/or specified for a complete job.

4. REQUIREMENTS :

4.1 Timber piles for all work shall be Douglas Fir and conform to
ASTM Specification D25 , Class A , 18—inch minimum butt diameter with 10—inch
diameter tip. Piles shall be in one piece from point to bu t t .  Piles shall
be qual i ty  marked by the American Wood Preservers Institute. Piles shall
be Inspected at the place of treatment.

4.1.1 Timber piles shall be treated in accordance with AWPB Standard
MP— 1.

4.2 Rough hardware shall be zinc—coated steel. Bolts and nuts shall
conform to ASTM A307. Steel plates shall conform to ASTM A36 . Zinc coatings
shall conform to ASTM A123 for steel plates and to ASTM A153 for threaded parts.
Steel pipe shall conform to ASTM A53, Grade B, and shall be galvanized .

4.3  Washers shall be cast iron ogee washers of sizes which are stan-
dard for the bolts.

4 .4  The lengths of bolts shall be such that  not more than one (1)
washer will be necessary under each head and under each nut to produce rigid
connection. Bolts and nuts shall be f inger f i t .

4.5 Fender shock absorbers shall conform to size and configuration
shown on the plans and shall conform to ASTM D2000, Class 3BA 720, A14, Bl3 ,
Dll , F17 , and Lii. They shall exhibit the following ph ys ical character is t ics :

Tensile Strength, psi, m m .  2000
Elongation , m m .  600%
Shore Durometer 70 + 5
Modulus A 400% Elnga tion , psi 1000
Die B Crescent Tear P1 @ RT 300
Water Absorption 0.2%
Coefficient of Friction, avg. 2.6
Compression Set 25%

5. CONSTRUCTION:

5.1 Fender piles shall be spaced accurately as shown on the plans,
and shall be held during driving. Fender piles shall be protected during
driving by suitable steel rings placed on the heads, or by approved driving
caps. Heads and points shall be squared to the driving axis. Piles may not
be water jetted. Piles shall be cut off to the elevations indicated . Pile
heads at cut—off shall be entirely sound. All injured and rejected piles
shall be moved and replaced with sound piles.

D-l 1
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5.2 Precautions in Handling Treated Piles and Existing Timbers:
Ever ’. effort shall be made in rafting and handling to prevent damage t o
creosoted piles and timbers, particularly in portions of the work exposed
to marine borer attack. Cart- shall als o be taken in driving pilo~. t o  pre—
vent checking or splitting of the treated wood , and butts shall be triimned
and headed so that the hammer will strike only untreated wood . Piles and
timbers shall be inspected before and during the time they are driven or
placed. Where the pr ot ec t ive  p r e se rvat ive  shell  Is broken or damaged in
any way , the holes and/ or  c re v i ce s  shall  be r ep ai r e d  by driUlng , and
ne at ly and t i g h t ly  plugg ing the holes in accordance wi th  AW PA Standard M~ ;
where abrasions or other damages cannot be plugged , otherwise protected
against marine borers in an approved manner; all work of this nature shall
be subject to the approval of the Officer in Charge of Construction. All
piles shall be handled in accordance with AWPA Standard M4.

5. l Surface Treatment : The cut surfaces of all piles and t imbers ,
including daps for  chocks , cla mps , b races , v a l e s , e t c . ,  al so counterbored
holes and daps for washers, shall be treated in accordance with AWPA Stan—
dard M4.

5.4 Wood Preserva’ (ye Treatment for Bolt Holes: Holes for bolts
and plugs in al.l piles and all new holes in existing timbers of a nominal
thickness of 6—inches or m r e , shall be treated to a sustained pressure of
120 psi wi th  an approved m chanical bol t  hole t reater , usi ng the same type
of wood preservative sped ied for the member to be t reated.  Al l  bo l t  holes
in timbers having a nomina l thickness of less than 6—inches shall be
thoroughly flushed to saturation , using the same type of preservative sped —
lied for the member to be treated .

5.5 The repaired fender system shall consist of non—bearing creo—
oted piles and existing treated timber chocks , installed as indicated .
Heads of all piles shall be neatly and u n i fonn l v  trimmed with a slight
slope for drainage , and shall be treated in accordance with AkTA standard
M4 , and then painted with coal tar pitch . Piles and chocks shall be through

— bolted to inserts in the pier, except where otherwise shown.

5.6 Field Protection : After all members have been fastened or
placed , bolt heads, washers , and nuts shall be given one full coat of petro—
latum (grease) coating conforming with Specification No. VV—P—236. Al it sur—
faces to be coated shall be thoroughly cleaned and dr ied , and all nuts shall

- - 
be drawn tight.

5.7 Removal of Existing Fender System: All designated existing ~~~
der tin*’ers and fender piles shall be completely removed. Removal shall
includ e the extraction of stubs o piles which have broken off below the mud
line. No jetting hill be permitted. Remove and put back various utility
lines, ladders, and other dock hardware to the satisfaction of the Officer
in Charge of Construction. Damage to c- -nted surface s shall be repaired using
two coats to match present system.
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