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INTRODUCTION AND BACKGROUND machine , and at a specified temperature
to provide a smooth , uniform , and

Most utility li nes under piers and securely bonded wrappe r without air
wharves are made of steel or galvanized pockets. The coating specification
steel. These underpier lines are not only requires that the quality of the resulting
subjected to high hum idity and salt spr ay pr otection m ust be equal to that pro-
but are intermittently submerged in salt- duced in the shop, althou gh applied in the
water at high tide in many areas. They field. Such a requirement is extremely
soon become badly corroded , resultin g in difficult  to meet under most field condi-
hi gh maintenan ce or replacement costs. tions. The Civil Engineering Laboratory
Maintenance problems are compounded (CEL) has received many calls requesting
because of the difficulty of preparing a assistance regarding use of some alterna-
good surface before recoating. In many tive protective coating.
cases, the maze of pipe lines (Figure 1) Previously, CEL conducted a field
makes the area inaccessible for sand- experiment on performance of various
blastin g; in addition , the area is access- coating systems for protection of
ible only during low tide. existing fuel lines under piers at the

A coal-tar felt-wrapped coating Point Loma Annex , San Diego, Calif. In-
system (NAV FAC specification IS- place test sections of 14 different
15057 , formerly 34Y) is normally speci- coating systems were installed , and their
fied for the protection of pipelines under performances were evaluated. * The sur-
piers at Navy installatio ns. However , the face was sandblasted , but during the-
Navy has experienced many corrosion coating application it was noted that
problems that have required costl y main- obtaining a good surface prior to the
tenance on the coal-tar felt-wrapped recoating operation was diff icult .  Flush
f uel lines under piers. The weathered and rust appeared soon after the sandblasting
deteriorated felt wrappings retain mois- because of seawater spray; thus , the
ture and corr osive elements that sandblasted surface was generally less
promote rather than protect the fuel than satisfactory for recoating. The poor
li nes from corrosion. The felt cover also surface preparation appeared to cause
hides the condition of the pipe , ofte n premature failure of some of the
necessitating replacement of the whole coatings tested. The diff iculty of obtain-
pipe by the time deterioration is ing good surface preparation under piers
detected. The coal-tar felt-wrapping sys- seems to be a problem common to many
tem is fo rmulated for shop application. It Naval facilities.
is extremely difficult  to apply this type To remedy these coating problems ,
of coatin g system on existing uti l i ty lines CEL had initiated an investigation of
under piers ; the felt wrapping must be new and improved coating systems that
applied under constant tension , wi th a can tolerate minim u m sur face

*Civil Engineering Laboratory. Technical Report R-832: Protection of
Existing Fuel Lines Under Pier at Point Loma Annex , by E. S. Matsui.
Port Hueneme , Calif., Dec 1975.
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preparation , exte nd the service life of 83933, Grade 1 , for corrosion preventive
util i ty lines , and reduce the maintenance compound. Special preparation of a
cost significantly , surface is not required aside from

This re port describes the coating removing all loose foreign material.
materials investi gated , test procedures , Neither sandblastin g nor steam-cleaning
and the results of 3 yr of marine atmos- the surface before application is
pheric exposure and field experiments , necessary. It may be applied to a wet

surface and directly on top of ti ght ly
adherin g rust. A wet f i lm of 5 to 6 mils

COATING MATERIALS INVESTIGATED ( 127 to 152 ji m) total thickness is recom- ‘

mended for proper dry-film thickness.
Coatin g systems were selected for

this investi gation based on certain Carbomastic X2256- l38: This
criteria. These coatings presumably coating is an al u minu m-fil led , coal -tar
would perform well: ( 1) without requiring epoxy. Special preparation of the sur-
a sandblasted surface; (2) if applied to face is not required aside from removing
wire-brushed rusty surfaces , preferably all loose rust , barnacles , and other
in one application; and (3) under forei gn matter with a wire brush. A
extremely corrosive underpier marine primer is not required , and the coati ng
atmospheric environme nts. The goal of can be app lied on the surface above or
this project was to find a coating that below the waterline. A wet fi lm of 10- to
would extend the average life of util i ty 120-mi! (254- to 3,175-j i m )  thickness is
lines unde r piers and wharves by about applied as the environment may require.
20%.

A numbe r of coating manufacturers Rust-Ban EX6692: This polyamide-
were con tacted for info rm ation about cured , coal-tar epoxy coating does not
protective coatings which might meet require a primer. Surface preparation by
the above crite ria. Most of them were power tool is acceptable for most cases,
reluctant or declined to recommend any but sandblasting is required for immer-
of their coatin gs, statin g that coatings sion service. A wet-film thickness of 10
applied under the above conditions would to 14 mils (254 to 355 ~m) min imum is
have no more than cosmetic value or required in order to achieve the recom-
that the service life of a coatin g would mended dry-f i lm thickness of 5 to 7 mils
be severely red uced under such condi- (127 to 177 ji m).
tions. Very few man ufact urers were
willi ng to participate in the experiment. MIL-P-2444 1: This government
Coatin g descri ptions and minimum sur- specification coating was included in this
face preparations according to the manu- study as a control standard. It was
factu rers of those systems submitted for developed by the Ma re Island Paint
testin g are given below and summarized Laboratory for long-term corrosion pro-
in Table 1, which also includes the names tection of exterior and interior ship
and add resses of the suppliers , surfaces. This epoxy-polyamide coating

system , consistin g of a primer and two
Ast rol RP Ex tra: This coati ng is a topcoats, has excellent wetting abil i ty,

metallo -organic complex combined with and is tolerant to cold , dam p, and
a rust i n hibito r , petroleum waxes , and diff icul t -to-clean surfaces. Recommend-
volatile solvents. It meets the require- ed total dry-f i lm thickness is 7 to 9 mils
ments of Mil i t ary Specification MIL-C- (177 to 228 

j im) .2
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Denso Tape: This product differs  applied on moist or damp wire-brushed
fro m other coatings in that it is a fabric- steel surfaces.
rei nforced petro latum-impregnated tape.
The fabric is woven cotton or synthetic
fibers. The petrolatum used is a green TEST CONDITIONS
jelly obtained fro m the refining of
certain nonasphaltic crude oils and corn- In-Place Field Exposure at
pounded with inert siliceous fillers and Pearl Harbor, Hawaii
corrosion inhibito rs. A typical thickness
of a petrolat um-coated tape is 45 mils Experimental Site. The field experi- ‘

(1 ,14 3 j im) .  A petro latum primer (Denso ment with the coatings was conducted at
Paste) is recommended to insure corn- the V-4 fuel pier , Pearl Harbor Naval
plete bonding of the tape , pa rticularly Base. The V-4 fuel pier is located at the
where the tape is bein g applied to an south end of the Pearl City peninsula
irre gular surface. The tape is hand- where it extends into Pearl Harbor. The
applied. With a special techniq ue, pipes fuel lines under the V-4 pier were
can be wrapped under water with this located approximately 3 ft  (0.9 m) above
ta pe. No special surface preparation is the waterline at low tide (Figure 2) and
requ ired; wire brushin g is adequate in were constantly receiving salt-spray
most cases. carried by the prevailin g east-northeast

wind. The fuel lines are frequently sub-
Plicoflex Tape: This material is a merged during high tides or under large

butyl rubber-laminated po ly (v iny l chlo- waves created by passing ships in the
ride) (PVC) wrapping tape. The wrapp in g harbor. Base personnel considered the V-
tape is available in va rious thicknesses 4 fuel pie r the most corrosion prone and
with a minimum of 7 mils ( 177 pm) of diff icult  to maintain among all the fuel
buty l rubbe r plus the thickness of PVC piers located at Pearl Harbor.
tape - 8 mils (203pm ) and above. This
product is not pressure-sensitive and Surface Preparation. Prior to the
requires an adhesive pr imer to assure coatin g application , the surface of the
good bonding between the metal and the old and corroded l0-in .-OD (25.4-cm)
tape. The primer contains rust and fuel lines were wire-brushed to remove
fun gus inhibitors. A brig ht metal surface loose rust and scale. The workers labored
is not necessary before application , and under diff icult  working conditions and
the ta pe can be applied with a wrapp ing were required to use a small raft  under
machine or by handwrap ping . Firm ten- the pie r to perform their work. The small
sion must be maintained during applica- 3 x 10-ft (0.91 x 3.05-rn) raft provided
tion in order to obtain best results. extremely poor footing durin g surface
Because the PVC tape is not soft or preparation and painting because of con-
flexible enough to conform to the stant swaying caused by the choppy
irr egular surf ace, the same manufacturer waves. Also , the low ceilin g prevented F

supplied Poly-mastic #455 coating for the workers from standing. Wire-brushing
fi t t i ngs and other odd-shaped items , such of the bottom side of the pipes was
as fla nges and bolt heads. The Poly- particularly diff icul t  under such workin g
mastic //455 consists of synthetic rubber , conditions. The resulting surface
selected asphaltu m , cuma r resi ns, inert preparation was, therefore , much less
fibe r s, and cor rosion inhibitor; it can be than desirable for a normal coating

application.

4



Coating Application. Five coatings location presents di f ferent  combinations
(MIL-P-2444l , Astrol RP Extra , Rust- of weathering factors (such as ra in fa l l ,
Ban EX-4692 , Carbomastic X2256 , and temperature , humidi ty ,  solar radiation ,
Poly-mas tic #455) and two tapes (Denso wind , and sea-spray) in varying intensi-
and Plicoflex) were applied on the wire- ties and duration; thus , they provide an
brushed fuel lines. All coatings and tapes opportunity for simultaneous exposure
were applied on the designated areas studies of identical coatings under
according to the direction given by each differ ing conditions at the three di f fer-
supp lier. Each coating or tape was ent geographical locations.
applied on 20-ft (6.1-rn) sections of the 1. Kwaja lein - Kwajalein is located
pipelines (Fi gure 2). All paints were near the center of the tropical zone at
applied without much diff icul ty.  lat. 8044,, N. The exposure racks are

Wrapp ing of the pipe with Plicoflex about 50 f t  (15.2 m) from the surf l ine at
tape while apply ing constant tension , to hig h tide and hold the pipe specimens at
avoid wrinkling or trapp ing of air under a 35-deg ang le to the horizontal , facing
the tape , was dif f icul t  under the field east-northeast (Fi gure 3) The prevailing
working conditions. The wrinkles or air east-northeast wind carries large
pockets, once formed , could not be amounts of sea-spray to the specimens.

F 
eliminated by hand pressure and necessi- Rainfal l  is plentiful , averaging over 10
tated unwrapping and rewrapp ing of the in. (24.5 cm)/mo . during 8 mo. of the
pipe to correct these conditions. The year. Total annual rainfall is about 105
adhesive primer , applied prior to applica- in. (266.7 cm)/yr.  The annual average
tion of the Plicoflex Tape , dried too temperature range is 81F to 83F , and
quickly (sometimes before the wrapp ing wind velocity is about 8 to 21 mp h (34
was completed); often a second primer kph).
application was required to assure
bonding of the plastic tape to the steel 2. Kaneohe - The exposure racks at
pipes. Kaneohe face east-northeast into the

In comparison , the inexperienced prevailing wind and are about 100 f t
workers found the grease-impregnated (30.4 m) from the surf at hig h tide and up
tape (Denso tape) was much easier to a knoll about 15 ft  (4.6 m) above sea
apply on the wire-brushed pi pes than was level. The pipe specimens were phsced at
the plastic-laminated tape (Plicoflex). a 45-deg angle to the horizontal. The
Trapped air pockets or wrinkles could be wind often carries small amounts of f ine
removed easily by hand pressure alone, sand , bring ing a slight abrasive action to

After coating was completed , each the coating surfaces. This test area is at
coated section was photographed. lat. 21 021 9, N near the northern edge of

the tropical zone (the Tropic of Cancer
Marine Atmospheric Exposures is lat. 23°27” N). The Kaneohe test site - 

-

at Three CEL Exposure Sites has a slightly greater variation in tern-
perature than does Kwaja lein with the

CEL Exposure Sites. The coated average annual temperature ranging
short pipe specimens, prepared as between 73F and 79F. The monthly
described later , were exposed to the rainfall  varies from 1 to 9 in. (2.54 to
mari ne atmospheric environments at 22.9 cm); the annual total averages about
three geographical locations: Port 43 in. (109 cm).
Hueneme , California ; Kaneohe, Hawaii;
and Kwaja lein , Marshall islands. Each

5



~ - -.~~~~~~~~~. -—-———---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~r- ~~~~~~~~~~~

3. Port Hueneme - The corrosion CEL exposure sites were photographed
dock is located in Port Hueneme har~ or. im mediately after installation. The first
Port Huenerne is at lat. 34079, N ( 10 40” visual inspection was conducted after  6
N of the Tropic of Cancer). The annual mo. of exposure. Thereafter , annual
average rainfall is about 13 in. (33 cm) inspections were made during the 3 yr of
and arrives duri ng 5 mo. in the winter , exposure. The coated test sections or
The average annual temperature is from specimens were evaluated subjectively
51F to 6SF. One of the duplicate pi pe and comparatively to describe their
specimens was suspended from the corro- initial and weathered conditions. Rust ,
sion dock above the high-tide level so blisters , and any other corrosion products
that it would not be submerged but on the surface , as well as conditions of
always subjected to splashing of sea- the coatings , were noted. Corrosion and
water. The other duplicate specimen deterioration of a coating rarely occurs
was suspended below the hi gh-tide level uni forml y over an entire coated surface;
so that it would be alternately exposed therefore , the overall condition of each
to the atmosphere during low tide and coating system was rated subjectively as
submer ged in seawater during high tide excellent (in essentially the same
(Fi gure 4). condition as when f i rs t  placed in

service) ; good (very minor deterioration ) ;
Sample Preparation. For the marine fair (a significant amount of coatin g

atmospheric exposure at three CEL test deterioration but still in serviceable con-
sites , short steel pipe - 4-in. ( 10.2-cm) dition) ; or poor (rusting and coating
OD - with flange joints , bolts , caps , and deterioration serious enoug h to lead to
split-ring hinged pipe hangers were early removal or recoating) . The overall
assembled , simulating ut i l i ty  pi pe under condition of each coating system was
piers. Before coating, these pipe speci- rated; Table 2 summarizes the results.
mens were soaked in seawater once a day
(Fi gure 5) and exposed to the air. This
pre-rusting procedure was repeated RESULTS
every day for 2 wk to obtain a uniform
rusting of the pipe specimens. Half of Astro RP Extra
each pipe specimen was then sand-
blasted , and the other half was wire - Pearl Harbor. The coating was rela-
brushed. Each coating or tape was then tively easily app lied (Figure 6) and was
applied on both sandblasted and wire- protecting the fuel line under the V-4
brushed surfaces according to the pier satisfactorily during the f i r s t  12 mo
instruction provided for each coating of exposure except for some of the
system. localized rust in g at the bottom of the

The coated pipe specimens in fuel line where moisture and sea-spray
duplicate were either placed on exposure condensed daily. However, the coating
racks at the three CEL atmospheric test deteriorated rapidly thereaf ter .  A pprox-
sites or suspended from the corrosion imately 70% of the pipe surface was
dock at Port Hueneme as described , covered with red rust af ter  2 yr of

exposure. The coating was in such poor
Inspe ction condition (Fi gure 7) that the pi peline was

recoated with  other paint to prevent
The in-place test sections at Pearl undue damage to the fuel line before the

Harbor and test specimens at the three 3 yr of exposure was completed. Overall

6



_________________ 

- -
~~~~ -,-• .•-—.- - -- 

~~~~~~

“

I- I. •. -C — 0 0 Q
8 8

2

~ ::~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~ :~~~
_ _

~~.

C
2 2
.! ~~~~~ C

‘I

I i l l
C — 4- . 1 5 4 -

~~ 2 2 2

~~~~~~~~~~~~~~~ 0 0  152 152 115 4- 1 5 4 - a  4- 152 15

I —

~
• .. -

~.C N = = —

~ I~
- - 4 - 4 - 4 -

~ I — .~ ~ 2 2 2

~ 2 0 0 0
2’ .2 ~

~-t — 215 0 0 0 — C
• o 0 0 4- 0 0 ‘~1 i- ~-~ ~~~~~~~~~~~~~~~ n~~iI  in f l  I4 - 0 0 5 .  O Is. 5. 21. 0 4 - 4 - 1 5 .  4 - 0  0 0 2 5 .

v .2 — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0. ..
5.~ ~~~~~~~~~~— 0 0 0 0

.4 15’ - ~~~0 s ~ 4 - V
8

552 .

Ii
0 0 0 —

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ c. 0 4 - 4 - 4 -  0 4 - 4 - 4 -  0 0 4 - 2 1 .  0 0  4 - 0
‘C

—

L2~~~. . 5 .
~~~~-

~ 8 -
~ 8 8 .#0 0 5 . .. .. =

~‘0  .1
‘.4 I~~~x -~ 2 -~ 1

• 15. e ‘ — .~ .11 15-

2 ~‘ C 2
= _, _, 2 i5 = •. —

8 5 ~~~~ ~~~~~~~~~~~~~~~2 5 5 0 0 4 -  0~~~~~ 4 - 4 -  0 4 - 1 5 -  1 5 5 4 - 0 0

—
C-

~~Ia .~~~~~~~~~ _ ~~~~~ . , .~~~~~~~~~

~~~
.,

.. o 
~~~~~~~~ ~~~~~~~~~

2 -c r-i .* -a -C ‘-I -t C C r - i -F C — C r - I -’ .0

2
2 -~

24. 4-

7

--.- -

~

.—-- —-

~

--

~

— .-. -- -- —- ~~~~~~~~~~ -— •.~~~~~~~~~~~~~~~~~~~~~~~~~~
----.

~~~~~~~~~~~ 

-



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

performance of the Astro RP Extra was Carbomastic X2256— 13g
-
• rated poor during the 3 yr of field tests

at Pearl Harbor. Pearl Harbor. Carbomastic X2256-
138 was a thick , viscous coating, and its

Kwajalein. The original coating on application resulted in a dry coating
the pipe specimens (Fi gure 8) was corn- thickness ranging from 8 to 30 mils (203
pletely gone after 6 mo of atmospheric to 762 1.~m) (Fi gure 12). It provided excel-
exposure at Kwajalein (Figure 9). The lent protection during the f i rs t  6 mo of
specimens continued to corrode for the exposure. After  12 mo , however , small
remaining 3 yr of exposure , and the rust spots began to appear where the
coating offered very little protection . coating was thin or where it had been
Overa ll performance of the Astro RP applied over incomp letely removed rust
Extra was rated poor during the 3 yr of scales. Frequency of the rust spots
exposure at Kwaja !ein. gradually increased during the 3-yr expo-

- • sure (Figure 13), particularly at the
• Port Hueneme. The coated pipe bottom of the pipe. Overall performance

specimen suspended from the corrosion of this coating was rated fair aft c1 3 yr
dock above the hi gh-tide water level lost of field exposure at Pearl Harbor.
its glossy appearance after 6 mo of
exposure. Thereafter , the coating Kwajalein. The Carbomastic X2256-
rap idly eroded; rust was very much 138-coated specimens (Figure 14) began
apparent after 12 mo of exposure. By the to show rust at irregular surfaces such as
end of 3 yr of exposure , the coating was bolt heads, nuts , threaded areas, flange
completely eroded , and the exposed joint , and pi pe hangers after 6 mo of

F metal surface was rusted and heavily exposure (Fi gure 15) . The p~j~ - hangers
pitted (Figure 10). appeared to be particularly vulnerable to

The coating on the specimen sus- the corrosion attack because of the
pended within the intertidal zone dis- di f f icul ty  in obtaining a unifor m coating
colored to a milk y color during the first  thickness during the coating. Many
month of exposure because of the sea- blisters were found at the flange joint
water absorbed by the coating during area after 2 yr of exposure. By the end
submersion. No barnacle growth of 3 yr , approximately 50% of the total

• appeared on the specimen during the surface was covered with rust and
firs t  month of exposure , but approxi- blister :; (Fi gure 16). The coating showed
mately 25% of the coated surface was very little difference in protection
covered with red rust. By the end of 12 between the sandblasted and wire-
mo of exposure , the specimen was corn- brushed surfaces. Overall performance of

- • pletely covered with red rust and the Carbomastic was rated fair  to poor
barnacles (Figure 11). The coating after 3 yr of exposure at Kwajalein.
offered very little protection against
corrosion , and the condition of the speci- Kaneohe. The rust began to appear
men worsened throug hout the remaining f irst  on irregular surfaces of the pipe
3 yr of exposure. Overall performance of specimens in the same pattern as that at
the Astro RP Extra was rated poor , both Kwaja lein , except less severely. The pipe
above and below the hi gh-tide zone , hangers were again very vulnerable to
after  3 yr of exposure at Port Hueneme. corrosion attack because of the irregular
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surface. Af ter  3 yr of exposure , approxi- Overall performance of Rust-Ban was
mately 30% of the surface was covered rated fair af ter  3 yr of exposure at Pearl
with blisters and rust (Figure 17). Overall Harbor.
performance of the Carbomastic coating
was rated fair af ter  3 yr of exposure at Kwajalein. Pipe specimens with
Kaneohe. Rust-Ban (Figure 21) were protected well

but quickly lost their original glossy
appearance dur ing the first  6 mo of

• Port Hueneme. No corrosion was exposure. Rust began to appear on the
noticeable on the coated pipe specimens pipe hangers, and small localized blisters
suspended from the corrosion dock above appeared at the flange joints during 12
the tidal zone during the f i r s t  12 mo of mo of exposure. The blisters and rust
exposure. The pipe hangers were slig ht ly  continued to spread at the flange joints
stained with rust. Approximately 20% of and pipe hangers during the remaining
the su rface was corroded after 3 yr of exposure (Fi gure 22). The wire-brushed
exposure; most of the corrosion was area was protected nearly as well as that
limited to the pipe hangers and flange of the sandblasted area. Overall perfor-
joint. Overall performance of the Carbo- mance of Rust-Ban was rated fair to
mastic coating was rated good to lair poor during the 3 yr of exposure at
after 3 yr of exposure above the high- kwajalein.
tide zone at Port Hueneme.

The pipe specimen suspended below Kaneohe. Rust-Ban provided excel-
the hig h-tide zone was discolored to lent protection during the first  6 mo of
brown af ter  I mo of exposure , but no exposure. Blistering and rusting became
rust was noticeable. Barnacles began to quite noticeable at the flanges and
grow on it after 6 mo and covered nearly hangers after 12 mo of exposure. The
80% of the surface after  12 mo of coating over the sandblasted areas was
exposure. The barnacles continued to providing better protection than that
grow heavily and damaged and peeled the coated over the wire-brushed areas after
coating in some areas (Figure 18). Over- 3 yr of exposure. Overall performance
all performance of this coating was rated of Rust-Ban was rated fair  af ter  3 yr of
poor after  3 yr of exposure below the exposure at Kaneohe.
hig h-tide zone at Port Hueneme.

Port Hueneme. Except for slight
Rust-Ban EX6692 corrosion at the flange and hangers, the

specimen suspended above the tidal zone
Pearl Harbor. The pipe section was well-protected for the f i rs t  12 mo of

coated with Rust-Ban (Figure 19) was exposure. Rust at the flange joints ,
protected well during the first  6 mo of hangers, and threaded areas became
exposure. Rust began to appear along the noticeable , but otherwise most of the
bottom side of the pipeline after 12 mo parts were protected fair ly well during
of exposure. Corrosion along the bottom the 3 yr of exposure (Fi gure 23). Slight ly
side of the pipelines appear to be a more rust showed on the wire-brushed
common problem under piers due to daily area than the sandblasted area. Overall
condensation of moisture and sea-spray. performance of the Rust-Ban suspended
Upper portions of the coated pipe , how- above the tidal zone was rated good to
ever , appeared to be well-protected fair af ter  3 yr of exposure.
during 3 yr of exposure (Figure 20).

9



Very few barnacles grew on the 30% to 40% of the surface was covered
specimen suspended below the tidal zone with rust after  3 yr of exposure (Fi gure
during the f i rs t  6 mo of exposure. By the 28). In contrast to other coatings being
end of 12 mo of exposure , approximately investi gated , MIL-P-2444 1 appeared to
25% of the surface (mostly at irregular have protected the wire-brushed rusted
surface areas such as bolt heads , flange surface better than the sandblasted sur-
joints , and hangers) was covered with face. Overall performance of the MIL-P-
barnacle growth. The irregular surface 24441 was ra ted fair to poor after 3 yr of
appeared to give better footing com- exposure at Kwajalein.
pared to the smooth surfaces , for the
barnacles to grow (Figure 24). By the end Kaneohe. First sign of the rust
of 3 yr of exposure , however , the entire appeared at the usual irregular surfaces
surface was covered by the barnacles , and sharp corners (flange joints , bolt and
and the extent of damage to the coating nut heads, pipe hangers, and threaded
was difficult  to determine. Overall areas) within a year of exposure.
performance of the Rust-Ban suspended Corrosion was much less than for speci-
below the hi gh-tide zone was rated less mens exposed at Kwajalein during the 3
than fair after 3 yr of exposure at Port yr of exposure. Overall performance of
Hueneme. the MIL-P-24441 was rated fair  af ter  3

yr of exposure at Kaneohe.
MIL-P-24 44 1

Port Hueneme. This coating main-
Pearl Harbor. MIL-P-2444 1, used as tam ed its glossy appearance fa i r ly  well

a control standard , required a primer and (for 12 mo) compared to other coatings.
two topcoats (Fi gure 25). Small localized There was a slight rusting at flange
rust appeared after 12 mo of exposure. joints and coated threaded areas of the
Most of the rust appeared where loose specimen suspended above the hi gh-tide
rust scales had been incompletely re- zone for 12 mo. The rusting at the flange
moved or where heavily pitted surfaces joints gradually increased during the
prevented even coating. The rust along remaining years (Figure 29). Overall per-
the bottom of the pipelines due to the formance of MIL-P-2444 l exposed above

F daily condensation of moisture and sea- the tidal zone for 3 yr was rated fair  to
spray was noticed after 2 yr of exposure. good.
However , this coating was providing The specimen suspended below the
better protection than other paints hi gh-tide zone was covered with algae
undergoing the exposure test (Fi gure 26). and a slig ht growth of barnacles af ter  12
Overall performance of MIL-P-2444 1 was mo of exposure (Figure 30), bu t t here
rated fair  to good af ter  3 yr of exposure was no noticeable rust. The specimen
at Pearl Harbor. became heavi ly covered with  barnacles

af ter  2 yr of exposure, but the coating
Kwaja lein. MIL-P-2444 l coated was prov iding good protection against

pipes (Fi gure 27) soon lost their glossi- corrosion. The coating continued to
ness after  6 mo of exposure. After  12 mo provide good protection for the
rust appeared at the usual irregular remaining 3 yr of exposure except where
surfaces and sharp corners , flange joints , the coating was mechanically abraded
pipe hangers, threaded areas, and bolt during the exposure (Fi gure 31). Contrary
and nut heads. The coated specimens to other coatings being tested , this
continued to corrode and approximately coating system appears to provide better
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protection against corrosion for systems Kwajalein. Denso tape specimens
under water than for specimens sus- (Figure 35) gradually discolored to a
pended above the waterline. Overall per- darker color and displayed a somewhat
formance of MIL-P-2444 1 in the dry appearance. However , closer
intertidal zone was good to excellent examination indicated that the tape was
after 3 yr of exposure at Port Hueneme. dried only superficial ly and was retaining

its softness and wet tabi l ity  and adhered
Denso Tape to the metal substrate during the 3 yr of

• atmospheric exposure. The tape was cut
Pearl Harbor. Application of the and the condition under the tape was

Denso tape by inexperienced workers examined each t ime the inspection was
appeared to be easier than application of made. Inspection revealed that the Denso
other types of coatings on the pipes. The tape was providing excellent protection
finished wrapping contained 25% overlap against corrosion and showed no fresh
(Figure 32); normally,  50% overlap red rust on either the sandblasted or
(double wrapping) is recommended for a wire-brushed surfaces (Figure 36)
marine environment.  The tape was throughout 3 yr of atmospheric exposure.
adhering well to the pipe , and no loose or Only unwrapped pipe hangers suffered
detached tape was noticed during the severe corrosion. Overall performance of
first  12 mo of exposure. A cut was made the Denso tape was rated excellent a f te r
on the tape to examine the condition of 3 yr of exposure at Kwaja lein.
the pipe under the Denso tape. The pipe
appeared to be well-protected by the Kaneohe. The specimens in Kaneohe
tape system , and no fresh red rust had were discolored and exhibited a dried
appeared underneath the tape since its appearance , as did those specimens ex-
application, posed at Kwajalein , but the Denso tape

The Denso tape continued to adhere provided excellent protection against
well to the pi pe and provided good corrosion throug hout 3 yr of atmosp heric
protection throug hout the 3 yr of expo- exposure. When examined each t ime the
sure. Cuts were made on the tape each inspection was made , no fresh rust had
time the inspection was made , and no appeared under the tape on either sand-
fresh rust was found under the Denso blasted or wire-brushed surfaces. Overall
tape (Fi gure 33). It was interesting to performance of the Denso tape was rated
note that the pipe section coated wi th  excellent at Kaneohe af ter  3 yr of
Denso paste (primer ) alone without  the exposure.
Denso tape was providing protection as
good as or better than other paints being Port Hueneme. The Denso tape
investigated (Figure 34). The rust found wrapped specimen suspended above the
at the bottom of the pipe appeared to be tidal zone exhibited excellent protection
due to incompletely removed loose rust against corrosion. No rust was evident
scale at the time of the paste application either on the sandblasted or the wire-
and the daily condensation of moisture brushed surfaces when a cut was made
and salt-spray, which gradually eroded and the pipe inspected underneath the
and penetrated the paste. Overall perfor- tape. Even the most d i f f i c u l t  areas , such
mance of the Denso tape system was as at joints and bolt heads , were well
rated good to excellent af ter  3 yr of protected by the Denso tape while all
exposure at Pearl Harbor. other coatmgs failed to protect (Figure

11 

~~~~~ --—— - -~~~~~~-—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~-- -~~~-~~-~~- - •



r ~~~~~~~~~~~~~~~~~~~ ~~~ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~ 
. — - -- . --

~~~
• 

~~ -

During the f i rs t  6 mo of exposure , quickly. With in  6 mo of exposure a
no significant change was noted on the considerable amount of red rust appeared
Denso tape wrapped specimen suspended at the bottom of the pipeline. The
below the hi gh-tide zone. However , the deterioration continued rap idly; more
tape became soggy and appeared whitish than 60% of the surface was covered
after 12 mo of exposure. Many small with the red rust before 3 yr of exposure
barnacles began to grow on the Denso was over (Figure 42) . Overall perfor-
tape. The barnacles continued to grow , mance of the Plicoflex tape was rated
and the specimen was heavily covered fair and Poly-mastic paint was rated
with them after 2 yr of exposure. The poor after  3 yr of exposure at Pearl
grease from the tape appeared to have Harbor.
leached out f rom the tape and was soggy.
The tape was loose and sagging because Kwajalein. Plicoflex taped speci-
of the weight of the attached barnacles. mens (Figure 43) lost their glossy
Seawater was obviously penetrating appearance slightly during the 3 yr of
throu gh the tape to the metal underneath atmospheric exposure. The sandblasted
it. However , the metal surface appeared metal surface was protected well during
black and did not appear to be seriously the fi rst 12 mo but began to show sli ght
corroded. The absence of the red rust is red rust after 18 mo of exposure (Figure
probably due to the lack of oxygen to 44). Red rust was found also at the wire-
supp or t corrosion under the tape during brushed area , indicating that the
the immersio n. Slight red rust began to corrosion was not completely contained
appear on the wire-brushed surface under by the Plicoflex tape. After  the inspec-

— the tape after 3 yr of exposure (Fi gure tion , the cut area was patched with
38). Overall performance of the Denso manufacturer-supp lied adhesive and
tape was rated excellent above the tidal tape , bu t the patching tape soon dis-
zone and fair  below the hi gh-tide zone colored to white and showed signs of
af ter  3 yr of exposure at Port Hueneme. lif t ing 12 mo after the application

(Figure 45) . The wrapped tape also
Plicoflex Tape and Poly-mastic 1455 shrank considerably during the 3 yr of

exposure as illust rated in Figure 46.
Pearl Harbor. Wrapping with the Poly-mastic 1/455 on the flange

P li coflex tape (Figure 39) was much joints , hangers, and end-cups rapidly
more d i f f i cu l t  than wra pping with the deteriorated within 6 mo and provided
[)enso tape under similar worki ng condi- very little or no protection throug hout 3
tions. The tape (PVC) was flexible but yr of exposure (Figure 45). Overall
to ugh and was not as easily mani pulated performance of Plicoflex tape was rated
as the Denso tape. The tape , hi ghly fair , and Poly-mastic paint was rated
resistant to moisture and sea-spray, poor after 3 yr of exposure at Kwajalein.
retained its glossiness and f lexibi l i ty  well
and showed no sign of deterioration Kaneohe. Plicoflex tape at Kaneohe
dur ing  the 3 yr of exposure. However , also lost its glossiness somewhat during
red rust was found under neath the tape the exposure but retained its flexibil i ty.
when the tape was cut and inspected When the tape was cut and examined
af ter  18 mo of exposure (Figure 40). after 12 mo of exposure , consider able

The section coated with Poly-mastic red rust was discovered on the wire-
(Figure 4 1) began to deteriorate rather brushed area , indicatin g that the
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cor rosion was unchecked under the tape barnacles caused the tape to dang le from
(Figure 47). The sandblasted area the pipe specimen. Although seawater
appeared to be well-protected , and no had obvio usly intr uded through the tape

• rust surfaced during the first  12 mo of to the metal substrate , no red rust
exposure. However , t races of rust began appeared , only black iron oxide (Figure
to appear on the sandblasted area also 51). This was probably due to lack of

• af ter 3 yr of exposure. The tape also oxygen required for further corrosion
contracted considerably during the 3 yr under the PVC tape. Overall perfor-

• of atmospheric exposure , as it did at mance of the Plicoflex tape suspended
• Kwajalein. below the hig h tidal zone was rated fair

Poly-mastic /1455 on the flange after 3 yr of exposure at Port Hueneme.
joi n ts, han gers, and end-caps Poly-mastic #455 paint offered no
deteriorated rapidly and provided very protection against the corrosion , either
little protection against corrosion above or below the high tidal zone , and
throughout the 3 yr of exposure. was rated poor after 3 yr of exposure at

Overall performance of the Plico- Port Hueneme.
fle x tape was rated fair and PoIy-mastic
paint was rated poor after 3 yr of
exposure at Kaneohe. DISCUSSION

Port Hueneme. After  12 mo of expo- During 3 yr of exposure under the
sure above the tidal zone, con traction of pier at Pearl Harbor , all fi ve paints
the Plicoflex tape appeared to have coated over wire-brushed old surfaces
caused wrinkles on the surface. The showed vary in g degrees of rusting. The
plastic tape was cut and examined under- bottom part of the pipelines appear to be
neath the tape. Red rust was found under particularly susceptible to corrosion
the air pocket created by the wri nkle attack. Some of the reasons for the
(Figure 48). The cut area was patched corrosion attack there are the difficulty
with adhesive and tape after the inspec- in removing rust scale at the bottom of
tion , but the patch came loose after 6 the pipes , an inaccessible area , and the

• mo of exposure. The sandblasted and restricted view during surface prepara-
wire-brushed areas were both found to be tion under piers. Any incompletel y
rusting when the tape was cut and the removed rust scale will immediately set
substrate examined after 3 yr of expo- up corrosion couples (corrosion cell)
sure. between the scale and metal. Also, the

Neith er sandblasted nor wire- bottom areas painted too thinly or
brushed sections showed rust when cuts totall y missed may easily escape
were made on the specimen suspended detection during the painting. Daily con-
below the high tidal zone for 12 mo and densation of moisture and sea-spray at
the specimen inspected (Figure 49). The the bottom of the pipe can eventually
cuts were patched-up with adhesive and penetrate the paint and aggravate the
tape, which came loose within 6 mo of condition in a relatively short time. The
exposure. Although the surface of the bottom of many of the existing pipes
PVC tape was smooth , it did not prevent were heavily pitted from previous
the growth of barnacles on its surface corrosion. Removing rust from those
during the 3 yr of exposure (Figure 50). deep pits by wire-brushing is another
During this time, the tape end became diff icul ty ,  in addition to the d i f f i cu l ty  of
detached , and the weight of the attached painting the pitted surfaces. The deep

13



~~~~~~--~~~ - - -~~~~

— 

pits trap air and form air pockets during Denso tape performed best. It provided
paint application and eventually form the best protection against corrosion
pinholes on the paint surface. All of attack under the pier at Pearl Harbor as
these facto rs invite corrosion and early well as at all three CEL exposure sites.

• paint failure. Denso tape was easy to app ly and easily
Althoug h the pipe specimens were conformed to the irregular surfaces of

caref u lly coated, the at mospheric expo- any configuration , whereas Plicoflex
sure tests revealed quite clearly that (PVC ) tape was too toug h to manipulate
ir regular surfaces (such as flange joints , to conform to the irregular surfaces to
bolt and nut heads, threaded areas , and be taped. Denso tape was the only
pipe hangers) are very susceptible to system which kept the sandblasted and

• corrosion attack. It is diff icult  to build wire-brushed areas, as well as irregular
up a coating to the desired thickness at surfaces , f rom rusting (see Figures 33,
sharp corne rs and edges of ir regular 36, 37). 3ud ging from the conditions
surfaces. Unless the paint film on these illustrated , the Denso tape should con-
sharp corners and edges are built up, tinue to provide effect ive protection for
moisture and corrosive elements eventu- 10 or more years in the same environ-
ally penetrate throug h the thin f i lm and ment.
attack the metal under it. The results Another advantage of using the
indicate that if pipelines were joined by Denso tape is that the condition of
welding instead of joining them with substrate under the tape can be in-
bolts and nuts , the corrosion problem spected without  destroy ing the tape. The
areas cou ld be reduced considerabl y and applied Denso tape can be cut with a
cou ld lead to a reduction of overall knife (Fi gure 52) and peeled back for
maintenance costs. inspection of the substrate (Figure 36).

Government specification paint The tape can be pushed back over the
MIL-P-24441 protected steel pipes better substrate and restored to the original
than the othe r four paints (Astro RP condition (Figure 53) without additional
Extra , Carbomastic , Rust-Ban , and P h -  repairing materials. No other coating can
comastic) at all test sites. This coating be inspected in this manner without
provided better protection on the wire- destroying the ori ginal coating, which
brushed surfaces than the sandblasted then requires re-application for repair.
surfaces while other paints protected the However , grease in the Denso tape
surfaces in reverse manner. Less rust will gradually leach out , and the tape
appeared on the coated pipe specimens will become soggy after  prolonged
suspended below the tidal zone than on immersion in seawater. In the tests, the
those suspended above the tidal zone. grease did not prevent barnacle growth ,
The barnacle growth on the MIL-P-2444 1 and the weig ht of the attached barnacles
coated specimens in the intertidal area caused the tape to detach and sag from
appeared to be sli ghtly less compared to the pipe. Although the Denso tape pro-
those on other painted specimens vided excellent protection against 

- 

-

exposed under the same condition. corrosion above water , the results of the
When compared to the performance experiments indicated that the Denso

of the f ive paints and the P licoflex tape , tape should not be used to protect u t i l i t y
lines under seawater.

*In January 1977 , CEL was informed by the supplier that an antifou l ing Denso
tape has been introduced on the market and is said to be successful.
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Leaking fuel oil can pose another 20%. No additional rusting was evident
problem by dissolving the petro latum when the underlying steel pipe was
grease of the Denso tape , and thus lead examined after 3 yr of exposure. It was
to early tape failure. * Therefore , any the only system which protected irregu-
oil leaks should be repaired prior to lar and difficult-to-paint surfaces (joints
application of Denso tape. with bolts and nuts or pipe hangers) from

Rap idly chang ing labor and material rusting during the 3 yr of exposure.
• costs make it impossible to give exact

costs of coati ng app lications. The appli- 3. Some disadvantages in using Denso
cation cost is also dependent on the tape do exist. The petrolatum grease can
configuration of and ease of access to gradually leach out from the Denso tape
the piping involved. The following inves- under water , and the tape becomes soggy
tigated material and labor costs were and loosens. Also , the petrolatum grease
based on coating 100 linear feet of 10- does not prevent barnacle growth under
in.-diameter pi pe line under a pier during water. It is also likely that floating oil

F 1977. Estimated materials and labor from a spill can dissolve the petrolatum
costs of applying the petrolatum system grease and damage the Denso tape. All
(Denso tape and paste) were calculated indications are that the Denso tape
to be $1.86/sq ft  ($20.01/sq m), which should not be used under water.
incl udes $1.52/sq ft for materials and
$0.34/sq ft for labor. Estimated materi- 4. If significant numbers of difficult-to-
als and labor costs for paintin g a similar coat areas (e.g., flan ge joint with bolts
pipe li ne was calculated to be $1.81/sq ft and nuts ) could be eliminated from pi pe
($19.48/sq m), which includes $1.50/ sq ft systems , it is likely that a considerable
fo r sandblasting to white metal , $0.21/sq saving in maintenance costs could be
ft for three coats of paint , and $0. 10/sq realized. All joints , therefore , should be
ft  fo r labor. welded instead of joining them with bolts

and nuts wherever possible.

FINDINGS AN D CONCLUSIONS
RECOMMENDATIONS

1. Of the five coatings and two wrapp ing
tapes used in underpier exposures at Denso tape is recommended for
Pearl Harbor and in marine atmospheric existin g uti l i ty lines under piers where
exposures at three CEL test sites for 3 good surface preparation is d i f f icu l t  to
yr , Denso tape gave the best perfor- obtain or where rusty pipe surfaces exist.
mance. The government specification Any oil leaks should be repaired prior to
coatin g system MIL-P-2444 l was second the application of Denso tape. Use of
best. Denso tape on constantly submerged

pipes is not recommended because it
2. The Denso tape system , which can be does not prevent barnacle growth and the
applied by relatively inexperienced impregnated grease will  even tually leach
personnel , provided excellent protection out from the tape under water. For
to the wire-brushed , rusty, test surfaces constantly submerged ut i l i ty  lines , MIL-
and shows promise of exceeding the goal P-2444 l is recommended only if good
to extend coating service life by about surface preparation can be accomplished

by sandblasting prior to coating.

~Civ il Engineering Laboratory. Technical Report R-832: Protection of
Exist ing Fuel Lines Under Pier at Point Loma Annex , by E. S. Matsui.
Port Hueneme , Calif . ,  Dec 1975.
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Figure 1. Typical  luel  lines under a tuel pier.
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Figure 2. Coated fuel lines undergoing f ield test ing at Pearl Harbor.
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Figure 3. Marine atmospheric exposure site at Kwaja lein , Marshall Islands.

Figure 4. Test pipes suspended from a dock to above and below the
tidal zone.
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Fi gure 5. Pre-rusting of a pipe specimen wi th  seawater.
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Figure 6. Fuel line under V-4 fuel  pier newly coated with Astro RP
Extra at Pearl Harbor.
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Figure 7. Astro RP Extra coated fuel  l ine a f te r  2- 1/2 yr of exposure at
Pearl Harbor.

~~~~~~~~ ~~~~~~~~~~~~~~~
— 

~~~~~~~~~ _ _

~pr 
_  

__

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘-I” q~~
l

~ ~~ ~
-r w-r~ 

.

~~~~~~~~~~

it’ w—.

_ _ _  
-

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~ 

-----
~

- -

Fi gure 8. Initial condition of pipe specimen coated with Astro RP Extra
at Kwajalein.
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Figure 9. Astro RP Extra coated pipe specimen after 6 mo of exposure
• at Kwajalein.
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Figure 10. Rusted and heavily pitted pipe specimen coated wi th  Astro
RP Extra after 3 yr of exposure above the tidal zone. 
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Figure 11. Rust  and barnacles on a pipe specimen coated wi th  Astro RP
Extra  af ter  12 mo of exposure below tidal zone.
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Fi gure 12. Fuel line coated wi th  Carbomastic X2256- 1 38 at Pearl Harbor.
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Figure 13. Carbomastic X2256- 1 38 coated fuel  l ine a f t e r  3 ~.r  of
exposure at Pearl Harbor.
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Figure l4 .  In i t i a l  condit ion of Carbomast ic  X2256 coated pipe spec imen
at Kwaja l e in .
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Figure 15. Carbomastic X2256 coated pipe specimen af te r  6 mo of
atmospheric exposure at Kwaja lein.

—- -• -: -. 
~~~~~~~~~~~~~~~~~ 

- 

~~~~~~~ ~* .t
~~~~~~~~~ - 1 1 — ~~~~~~~~~~~~~~~~~~~

4. ’ - 
—,c

~~~~~~~~~~ . 
- 

r i —~~~ ~~~~~~~~~~~~~~~~~~~
~~~

. 
c- ’.-

- ~~~~~~~~~~~~ 
~~~~
j- lI ,a ’q 

~~ ~~~~~~~~~~~~~~
-

- ~~~~~~~ ; LLIr

~~~~~~~ :.~~~~.

-, w Ip . 1  F

- - ‘
. 

‘V .

Figure 16. Carbomastic X2256 coated specimens af ter  3 yr of atmosp heric
exposure at Kwaja lein.
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Figure 17. Carb onia st ic  (above) and . \stro R P  (below) coated pipe specimens
af ter  3 yr of exposure ut  Kaneohe.
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Figure 18. Carbomastic coating damaged by barnacle growth af ter  2-1/2 yr

of exposure below tidal  zone at Port Hueneme.
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Figure 19. Fuel l ine under pier ne~~ly coated w i t h  Rust -Ran at Pearl Harbor.
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Figure 20. Rust-Ban after 3 yr of exposure at Pearl Harbor.
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Figure 21. Ini t ia l  condition of pipe specimens coated with Rust- B an
at Kwaja lein .
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Fi gure 22. Pipes coated with Rust-Ban exposed for 3 yr at Kwajale in.
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Figure 23. Rus t— R an routed pip e spe i r n u r i  c-~ posi-ch ..ibo~ e i id~,! .‘~ ric-
for 3 yr at Port Huen eme.

_

_ _ _

_ _

~~~~~~~~~~~~~

f/ : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 24. Rust-Ban coated pipe specimen exposed belov~ t i d a l  zone R’r
12 mo at Port Hueneme.
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Fi gure 25. Fuel line under pier newly coated wi th  MIL-P-2444 1 at
Pearl Harbor.
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Figure  26. •\ 1IL -P -2444 l  coated fue l  l ine a f t e r  3 ~r of exposure at
Pearl Harbor.
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Figure 27. Ini t ia l  condition of MIL-P-2444 l  coated pipe specimen
at Kwaja lein .
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Figure 28. MIL-P-2444 l  coated pipe samples a l te r  3 yr of exposure at
Kwaja l ein (the pipes on the nut end of the flan ges were
wire -brushed).
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Figure 29. MIL-P-24 4t 4 l coated pi pe exposed for 3 yr above tidal zone
at Port Hueneme.
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Figure 30. \1IL-P -2444 l coated pipe covered wi th  al gae and a fe ’.~barnacles af te r  12 mo below tidal  zone at Port Hueneme .
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Figure 31. MIL-P-24441 coated specimen exposed for 3 yr below tidal
zone at Port Hueneme.
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Figure  32. Fuel l ine  under pier ~~i t h  Denso tape applied at Pearl Harbor.
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Figure 33. No fresh rust  formed under Denso tape af ter  3 yr of in-field
exposure at Pearl Harbor.
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Figure 34. Fuel pipe coated wi th  Denso paste wi thout  Denso tape
exposed for 3 yr at Pearl Harbor.
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Figure 35. In i t i a l  condition of Denso tape wrapped pi pe at Kwa la le in •
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Figure 36. No rust on sandblasted surface under Denso tape a f t e r
3 yr of atmospheric exposure at Kwaja lein.
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Fi gure 37. Well-protected flange joint  ~ rapped ~~ith Denso tape exposed
for 3 yr above tidal zone at Port Hueneme.
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Fi gure 38. Slig ht red rust unde r the Denso tape after  3 yr of exposure
below hi gh tide zone at Port Hueneme.
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Figure 39. Fuel line newly wrapp ed w i t h  P l i co f l c - x tape at Pearl Harbor .
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Figure 40. Red rust underneath the Plicof lex tape af ter  18 mo of
exposure at Pearl Harbor.
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Figure 41. Fuel line newly coated with  Poly-mastic 11455.

_ _ _ _ _ _ _ _ _  - 

- 

,c 

- - 
- - 

-. 
‘

~

_______ 
-* - 

- 

- ‘

~

- -~ - 
- 

~: . 
-~~~

- _____ 

.ø _i.,’~t : — 

-

.
~

., -. ._
; 

______

Figure 42 . Pol y-mastic 1 / 4 5 5  coated pipe a f te r  3 yr of exposure
under p ier at Pearl Harbor.
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Figure 43. Initial condition of Plicoflex tape wrapped pipe at
K wajalein .
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Figure 44. Slig ht red rust under Plicof lex tape after 18 m o of
exposure at Kwaja lein .
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Figure 45. Discoloration and lif t ing at patched areas after 12 mo
of exposure at Kwajalein.
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Figure 46. Shrinkage of P licoflex tape durin g atmospheric exposure
at Kwaja lein.
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Figure 47. Rust under Plicoflex tape after  12 mo of exposure at Kaneohe.
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Figure 48. Red rust under wr inkled P licoflex tape af ter  12 mo of
exposure above tidal zone at Port Hueneme.
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Fi gure 49. No red rust under P licoflex tape during the f i r s t  12 mo
of exposure below tidal zone at Port Hueneme.
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Figure 50. Barnacle growth on PVC tape af ter  3 yr of exposure below
tidal zone at Port Hueneme.
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Figure 51. Black oxide under P licof lex tape exposed for 3 yr below tidal
zone at Port Hueneme.
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Figure 52. Cut being made throug h Denso tape for inspection.
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Figure 53. Cut repa ired by merely pressing back the peeled tape.
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STANFORD UNIVERSITY STANFORD . CA(DOUG LAS)
TE XAS A&M UNIVE RSITY COLLEGE STATION . TX (CE DEPT); College TX (CE Dept. Herbich
UNIVERSITY OF CALIFORNIA B E R K E L E Y . CA (CE DEPT. GERWICK ): BERKELEY . CA (OFF. BUS. AND

FINANCE . SAUNDERS); Ber keley CA (B. Bresler); M. Duncan. Berkeley CA
UNIVERSITY OF DELAWARE Newark . DE (Dept of Civil Engineering. Chesson)
UNIVERSITYOF HAWAII HONOLULU. HI (SCIENCE AND TECH. DIV .)
UNIVERSITY OF ILLINOIS Metz Ref Rm . Urbana IL; URBANA . IL (DAVISSON); URBANA. IL (NEWARK)
UNIVERSITY OF MICHIGAN Ann Arbor Ml (Ric hart )
UNIVERSITY OF NEBRASKA-LINCOLN Lincoln . NE (Ross Ice Shelf Proj. )
UNIVERSITY OFPENNSYLVAN IA PHILADELPH IA . PA(SCHOOL OF ENGR & APPLIED SCIENCE. ROL L)
UNIVERSITY OF TEXAS Inst. Marine Sci (Library). Port Arkansas TX
UNIVE RSITY OFTEXAS AT AUSTIN AUSTIN . TX (THOMPSON); Austin . TX (Breen)
UNIVERSITY OF WASHINGTON SEAULE. WA (OCEAN ENG RSCH LAB. GRAY); Seattle WA (E. Linger)
UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)
URS RESEARCH CO. LIBRARY SAN MATEO , CA
ALFRED A. YEE & ASSOC. Honolulu Hi
AR VIDGRANT OLYM PIA , WA
ATLANTIC RICHFIELD CO. DALLAS . TX(SMITH)
AUSTRALIA Dept. PW (A. Hicks). Melbourne
BECHTEL CORP. SAN FRANCISCO . CA(PHELPS)
BELGIUM HAECON . N V.. Gent
BETHLE HEM STEEL CO. BETHLEHEM. PA (STEELE)
BROWN & ROOT Houston TX (D. Ward )
CANADA Mem Univ Newfoundland (Chari). St Johns; Surveyor . Nenninger & Chenevert Inc.. Montreal
DILL1NGHAM PRECAST F. McHaIe , Honolulu HI
DRAVOCORP Pittsburgh PA (Giannino); Pittsburgh PA (Wright)
NORWAY DET NORSKE VERITAS (Library ). Oslo
FRANCE Dr. Dutertre. Boulogne; L. Pliskin. Paris
GEOTECHNICAL ENGINEERS INC. Winchester . MA (Pauld ing)
HALEY & ALDR ICH . INC. Cambridge MA(Aldrich .J r. )
ITALY M.Caironi. Milan; SergioTattoni Milano ; Torino(F. Levi)
KOREA Korea Rsch Inst. Ship & Ocean (B. Choi) . Seoul
LAMONT-DOHERTY GEOLOGICAL OBSERV. Palisades NY (Selwyn)
LOCKHEED MISSILES & SPAC E CO. INC. Mgr Naval Arc h & Mar Eng Sunnyvale. CA: Sunnyvale CA

(Rynewicz); Sunnyvale. CA (Phillips)
MARAThON OIL CO Houston TX (C. Seay)
MOBIL PIPE LINE CO. DALLAS. TX MGR OF ENGR (NOACK)
MUESER . RUTL EDGE . WENTWORTH ANDJ OHNSTON NEW YORK (RICHARDS )
NEW ZEALAND New Zealand Concrete Researc h Assoc . (Librarian) . Por irua
NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)
NORWA Y I. Foss. OsIo;J . Creed . Ski; Norwegian Tech Univ (Brandt zaeg) . Trondheim
OCEAN RESOURCE ENG. INC. HOUSTON. TX (AN DERSON)
OFFSHORE DEVELOPMENT ENG. INC. BERKELEY . CA
PACIFIC MARINE TECHNOLOG Y LONG BEACH . CA (WAGNER)
PORTLANDCEMENT ASSOC. SKOKIE . IL (CORELY) ; SKOKIE . IL (KL IEGER); Skokie II. (Rsch & Des- Lab.

Lib.)
PUERTO RICO Puerto Rico (Rsch Lib.), Mayaquez PR
RAYMON D INTERNATIONAL INC. CHERRY HILL . NJ(SOJ LTECH DEPT)
RIVE RSIDE CEMENT CO Riverside CA (W. Smith)
SCHUPACKASSOC SO. NORWALK . CT(SCHUPACK)
SEAFOOD LABORATORY MOREHEADCITY . NC (LIBRARY )
SEATEd -I CORP. MIAMI . FL(PERONI)
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SHELL OIL CO. HOUSTON. TX (MARSHALL); Houston TX (R. de Castongrene)
SOUTH AMERICA N. Nouel . Valencia . Venezue la
SWEDEN VBB(Library). Stoc kholm
TIDE WATER CONSTR. CO Norfolk VA(Fowler)
UNITED KINGDOM Cement & Concrete Assoc (G. Somerville) Wexham Springs. Slou; Cement & Concrete Ass oc .

(Library). Wexham Springs. Slough; Cement & Conc rete Assoc. (Lit. Ex). Bucks; D. New . G. Maunsel ) &
Partners. London; Taylor . W oodrow Constr (OI4P). Southal l. Middlesex ; Tay lor . Woodr ow Const r (Stubbs ).
Southall, Middlesex

W ISS. JANNEY . ELSTNER. & ASSOC Northbrook. IL (3. Hanson)
WM CLAPP LABS - BATtELLE DUXBURY. MA (LIBRARY ); Duxbury . MA (Richards )
WOODWAR D-CLYD E CONSULTANTS PLYMOUTH MEETING PA (CROSS. Ill )
ANTONTEDESKIJBr0nxv iIIe NY
BRAHTZ La Jolla. CA
BULLOCK La Canada
R.Q. PALMER Kaitua . HI
SMITH Gulfport.MS
T.W. MERMEL Wash ington DC
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