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INTRODUCTION

Flexible sho re—to—sh ip cables are used to supply power to cold i ron
ships , which have shut down their  own power p l an t s .  Such cables are used
at many Navy a c t i v i t i e s, including Naval stat ions , Naval air stations , and
sh ipyards .  The power is generally supplied at 480 SI , three—p hase ,
ungrounded .  An e f f o r t  is being made to s tandardize the use of three—
conductor , hea t— and o i l — r e s i s t a n t, f l ex ib le  (THOF) cable. For 400—A
serv ice , three conductors with cross sections of 400,000 cir cu lar m il s
(400 MCN) (2.03 sq cm) have been used (THOF—400), but more recently the
larger 500 MCM (2.53 sq cm) cable (THOF—500) has been specified.

The shore—to—ship cable is often slung low from the dock , over the
intervening saltwater , and up to the deck of the ship; and cable with
faulty insulation poses an electrical hazard. When such cable is repaired
it often must be spliced . Splices are also used to connect cables to the
pigtails of large plugs or to permanently join together shorter pieces
of cable. Because this large copper cable is very expensive , sa lvaging
of shorter lengths is often worthwhile.

In earlier studies [1] shrinkable tubing was found to be a useful
material for covering splices on underground distribution cables. Similar
shrinkable tubing can be used to cover the spliced conductors of THOF
cables , at-id larger shrinkable tubing is available as an outer sleeve to
replace the outer cable jacket. Splices with these splice covers were
studied at the Civil Engineering Laboratory (CEL), and the results are
presented and discussed in this report.

In addition to the sp lices covered with shr inkabl e tubing , two other
types were inves tiga ted and the resul ts rep or ted: sp lices wi th shr inkable
inner sleeves bu t vul can ized outer spli ce covers and sp lices with ambient—
temperature—cured polyurethane outer splice covers.

EXPERIMENTAL WORK

This portion of the report is a detailed description of the experi-
mental work and of the observed results. A general discussion of the
available splice covers , the test me thods , and the signif icance of the
resul ts is contained in the “DISCUSS ION ” portion of the report,

Materials

Six different splices were prepared with the splice covers listed

- below and were tested in duplicate. The splices were made with THOF—400

1
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cable f rom Navy stock [ 2 ] .  This neoprene— covered cable had a diameter
of about 2.8 in. (7.1 cm). The 400—MCM (2.03 sq cm), 2052—strand copper
conductors had a diameter of about 0.823 in. (2.09 cm) and were connected
with 500 MCM copper compression sleeves 2—7/8 in. (7.3 cm) long and
1—1/16 in. (2.7 cm) OD (Burndy YS34L). These sleeves were compressed
wi th  dies and a hydraul ic  tool providing about 12 tn of fo rce  (Burnd y
U34RT dies and Y35 Hypress ) .

Shrinkable Tubing Splices. Shrinkable tubing sp lices were made
wi th produc ts from the fol lowing three manufac tu re r s .

A. Outer sleeve: Signiaform SFMT 36—40 with standard sealant .  This
Sigmaform tub ing , mine type , is 4 in. (10.16 cm) in diameter , 36 in.
(91.4 cm) long , and made of “Flex 6” material (essentially the same as
the tubing approved by the Bureau of Mines and marked P—l56--BM). Inner
sleeves: Sigmaform SFMT 24—15 with standard sealant. From this tubing ,
24 in. (61 cm) long and 1.5 in. (3.8 cm) in diameter , sections 7 in.
(17.8 cm) long were prepared . (Sigmaform Corporation , 2401 Walsh Avenue ,
Santa Clara , CA 95050).

B. Outer sleeve: ECC No. 8 DURA—SPLICE , 36 in. (91.4 cm) long .
This tubing is 3.9 in. (9 .9  cm) in diameter , is coated with a hot—melt
adhesive , and is labeled P— 154—BM . Inner sleeves: Insult i te  No. 256071 ,
1.5—in . ( 3 . 2 — c m ) , 8 in. (20.3  cm) long , with ho t—mel t  adhesive . These
were cut  to 7 in. (17.8 cm) . (Electronized Chemicals Corporation ,
Burl ington , MA 01803) .

C. Outer sleeve : Raychem 205A440—4/42. This 4—in . (10.2—cm)
diameter tubing with S—1017 hot—melt adhesive was 28 in. (71 cm) long
(nominally 30 in. (76 cm) long) and labeled P—137—BM . Inner sleeves:
Raychem WC SF—5 00--l2—A. These 1.5—in . (3.8—cm) diameter sleeves, 12 in.
(30.5 cm) long, wi th  S—l01 7 hot—melt  adhesive were cut  to 7—in .  (17 .8—cm)
lengths.  (Raychem Corporat ion , 300 Cons t i tu t ion  Drive . Menlo Park ,
CA 94025.)

The f iller for  one set of three sp lices was AMP No. 602213—1 sealer
and d ie lec t r ic  compound , which was 1/8 in.  (0.32 cm) th ick  and 3—3/4 in.
(9 .5  cm) wide (AMP Special Indus t r ies) .  The f i l l e r  fo r  the second se t
of three sp lices was Raychem No. S—l 031 dielec tri c f iller , 1/8 in.
(0.32 cm) thick and 2 in. (5.1 cm) wide.

Vulcan ized Sp lices. Two types of vulcanized spli ces were made with
the following materials:

D. Dixon: This splice was made by personnel of the U.S.S. Dixon
with a Joy Manufacturing Co. No. X8756 bench vulcanizer. The 25—in .
(63.5 cm) mold had a 3 .5—in .  (8 .9—cm)  mold cav ity 20 in. (51 cm) long
and made by the crew of the Dixon. The vulcanizing material was Voit
No. 03294 sheetstock (tread repair gum) . The bonding agent was Joy No.
319, 756 “Googum ” rubber cement. (The Joy Manufacturing Co. recommends
No. 319 , 757— 1 unvulcanized neoprene for  the vulcanizing material and

- . No. 319 , 763—2 neoprene cement for the bond ing agent.)
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E. Hot sp l icer:  Hot spl icer  Model 560J heavy duty molding press with
splic ing mold No. 24—325—287.  The mold has an overall length of 24 in.
(61 cm) ;  the cavity has an 18—in. (46—cm) cen tral por tion with a diameter
of 3.25 in. (8.3 cm) , and it tapers to 2—in .  (5—cm) end port ions wi th
diameters of 2 .87 in. (7.3 cm). Raychem WCSF--500—12—A sleeves, cut to 6
in. (15.3 cm) ,  were used as inner sleeves. About 5 lb ( 2 . 3  kg) of Hexcel
No. 102 unvulcanized green neoprene tape was used . In addi t ion , No. 601
neoprene bonding agent , No. 203 grey transitape , and No. 225 re inforced
neoprene binding tape were used . (Hexcel Corporat ion , 20701 Nordhoff
Street , Chatsworth , CA 91311.)

Ambient—Temperature—Cured Splice. One type of ambient—tempera ture—
cured splice was made :

F. PRC : PR 498— 1/4 three—part  pol yurethane insulat ing compound in
1/10—gal (380—ml) Semkit cartridges. A polyethylene mold with ins ide
diameter of 3.5 in. (8.9 cm) and 26 in. (66 cm) long was used and required
eight Semkit cartridges. The Raychem WCSF—500—l2—A sleeves, cut to 7 in.
(17.8 cm), were used as inner sleeves. (Products Research and Chemical

S Corpora tion , 2919 Empire Avenue , Burbank , CA 91505.)

Sp lice Prepara tion*

Shrinkable Tubing Splices. For the shrinkable tubing splices , a
7—f t and an 11—1/2—ft piece of THOF—400 cable were spliced together to
provide a splice with an 18—in, open area between the cut ends of the
outer cable jackets. The 3—in, compression sleeve connecting the white
insula ted conductor was placed in the middle of this area . The 3—in .
compression sleeves of the red and the black insulated conductors were

S 1—in, from and to either side of this connector .
Prepara tion of these spl ices is illustra ted in Fi gures 1 through 13.

To obtain a t igh t  splice and to maintain the conductors in their  proper
lay , all dimensions were carefully measured. The three conductors were
cut to 13, 9, and 5 in. beyond the cable jacket, as shown in Figure 1.
The cables were then assembled with the uncompressed connec tors in p lace ,
and these were marked for their proper contact with the conductor insula-
tion (Figure 2), A sleeve was compressed onto the shortest conductor of
one cable wi th the manual compression tool , which was mounted on a jack
for ease in maneuverability (Figure 3). A compression sleeve was attached
to the short conductor of the other cable and to one of the white con-
ductors (Figure 4). The inner shrinkable tubing pieces were inserted on
the three longest conductors , and the compressions were completed so as
to line up the connectors with the corresponding markings on the insulation
(Fi gure 5) .  At the ends of the cable jacke ts, wire mesh electrodes were
installed for electrical testing only ,  and these were connected to each

F *For the sp lice preparations, lengths were measured in inches and
fee t .  If S . I .  units  were to be used , adjus tments  would probabl y
be made to obtain easily measured values .
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other and to the center compression sleeve on the white insulated con-
ductor; the shrinkable sleeves were then heated with an electric heat
gun , first in the center and then toward the ends to shrink the sleeve
and to melt and slightly extrude the adhesive liner (Figure 6).

The splice was then filled with dielectric compound , using either
the AMP material or the Raychem material. The application of the latter
material is shown in Figures 7, 8, and 9. Because 18—in . sections of
this material were not available to cover the 18—in , space in the splice

S 
area , three sets of three 12—in, and 6—in. sections were used. The
first set was tightly rolled and p laced be tween the cond uctors , and th is
was covered by a second set that was folded in half. Finally, another
set was used to cover the remaining exposed places , and additional
material was placed at each end of the splice to build it up to the cable
diameter.

The splice was then wrapped with varnished cambric , leav ing exposed
at each end some of the wire mesh electrode connected to the white in-
sul ted conduc tor (F igure 10). The other heat—shrinkable sleeve was
placed over the spliced area and was heated with a propane torch (Raychem
FH2605). A deflector was used , as shown in Figure 11, to spread the
flame and to curl it around the shrinkable sleeve . The sleeve was first
shrunk in the middle (Figure 12) and then carefully and slowly hea ted
at each end until the tubing shrank down tight and a small amount of the
adhesive was extruded (Figure 13).

Vulcanized Splices. For the vulcanized splice prepared aboard the
U.S.S. Dixon, the portion preceding the vulcanizing step was performed
at  CEL to provide a splice essential ly as shown in Figure 6, excep t tha t
the shr inkable sleeves were unlined sleeves pr ovided by Dixon. The
splices were comp leted aboard the U.S.S. Dixon by ship personnel .  The
cable jacke t  was roug hened wi th  a f i l e , and the whole splice was pre—
coa ted wi th the bond ing agent . The sp lice was wrapped wi th  the vulcan-
izing material and was vulcanized at 32SF .

For the Hotsplicer vulcanized neoprene splice , the inner portion
was prepared essentially as before  (Figure 6) excep t tha t the sp lice
area was reduced from 18 in. to 16 in. by placing the connectors 1/2 in.
— instead of 1 in. — apar t from each other and by placing them closer
to the cable jacke t .  The insulation on ei ther  side of each of the three
pieces of inner shrinkable tubing was coated wi th  bonding agen t ;  and the
ends of the outer jacke t , after cleaning with trichloroethane and buffing
with aloxite cloth to remove all shiny surfaces , were also coated with
the bonding agent . The adhesive that had extruded from the inner shrink-
able sleeves was then covered with gray transitape (Figure 14). Into
the spaces between the inner conductors were placed several strips of
the unvulcanized green neoprene , and these were held in p lace wi th  the
reinforced nylon binding tape (Figure 15). The sp lice area between the
braided conductors was then covered with the reinforced ny lon binding
tape (Fi gure 16). The whole sp lice area was then covered with sufficient
unvulcanized green neoprene to completely f i l l  the mold area (Figure 17).

- 4
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The wrapp ed spl ice was placed into the press which had been pre-
heated to 22SF (107C) (Figure 18). The press was closed most of the

S 
way , and 250 lb (113 k g) of tens ion was app lied wi th  the tension anchors
shown in Figure 19. The eyebolt on the right had strain gages attached
to determine the tension. The molds were firmly screwed together; and
add it ional neopren e, which had been inserted into the transfer pot , was
transferred in to  the mold (Figure 19) un t i l  the excess came out th rough
the bleed holes on the top pla ten (F igure 20). The bleed holes were
closed , the transfer pot removed , and the temperature raised to and held
at 325F (163C) for 70 m m .  The press was allowed to cool to app rox ima te l y
1SOF (66C) ,  or was reheated to approximately this  t empera tu re  a f t e r
cooling overn igh t .  The press was then opened (Fi gure 21) and the splice
removed. The flashing at the body of the splice and the uncured neoprene
at the ends of the splice were removed to produce the finished splice
(Figure 22).

Ambien t—Tempera ture—Cured  Polyure thane  Splice. For the p repa ra t ion
of the ambien t—tempera tu re—cured  pol yure thane  splice , the  cable was hung
ver t ica l ly  and kept in tension by a 250—lb (113—k g) we igh t  a t t a c h e d
be1o~ the  splice area . A f t e r  the ends of the cable jacket  were cleaned
and abraded wi th  a hi gh speed r o t a r y  f i l e , the po lye thy lene mold shown
in Figure  23 was a t tached to the splice area .

The Semkit car t r idges  were mixed by removing the tape at the center ,
crushing a fo i l  bar r ie r , and then moving the  plunger up and down fo r  60
strokes.  The narrow rod shown in Figure 23 was then placed into  the
plunger to inject a catalyst , and the mixture  was again  mixed r ap id ly
for at least 30 strokes.

The con tents of the Semki t car tridge were then injec ted into the
mold as shown in Figure 24. Eight Semkit cartridges were required to
fill the mold. The next day the mold was removed , and the flashing was
cut off the splice to give the f inished sp lice (Fi gure 2 5 ) .

Comp letion of Cable Preparation. Cable breakout boots (Sigma f orm
TH 250—500) were placed a t each end of the spliced cables by cu t t i ng
back the cable jacket so that the boots would be 5 f t  f rom the center  of
the splice on the short end of the cable and 9—l/.2 f t f ro m the cen ter of
the sp lice at the long end of the cable . Before the boo ts were shrunk
on , the conduc tors were covered with red , white , and black insula t ing
tape for protection and identification. The individual conductors were
cut of f  6 f t  and 10—1/2 f t  f rom the splice centers , respectively.  At
the whi te conduc tor on the long end of the cabl e, a lug was a ttached for
electrical measurements and for identification of the cable.

Sequence of Tests

The following is a sequence of tests and measuremen ts tha t were
performed . Some of the experimental procedures are later described in
more detail. Each spliced cable was subjected to the following tests:

5
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1. Immersion overnight in 3 ft (91 cm) of 3% saltwater , f o llowed
by insulation resistance measurement.

2. Flexing 100 cycles with 250—lb (113—kg) weight.

3. Immersion in saltwater overnight followed by insulation
resistance measurement.

4. Flexing 200 cycles with 250—lb (113—kg) weight.

5. Immersion in saltwater overnight followed by insulation
resistance measurement and voltage withstand test.

6. Heat cycling in saltwater for 5 days.

7. Measurement of insulation resistance after the first and third
day of heat cycl ing, insulation resistance measurement of the

S cables in hot water at the end of the fifth heating period , and
insulation—resistance measurement and voltage—withstand test
after completion of the five cycles , includ ing overni ght cooling .

8. Flexing 200 cycles with 500—lb (227—kg) weight.

9. Immersion in saltwater overnight followed by insulation—
resistance measurement and voltage—withstand test.

10. Heat cycling in saltwater for an additional 5 days.

11. Measurement of insulation resistance after the first and third
day of heat cycling, insulation—resistance measurement of the
cables in ho t wa ter at the end of the f i f th hea ting period ,
and insulation—resistance measurement and voltage—withstand
test af ter completion of the f ive cycles , including overn ight
cooling .

12. Flexing 200 cycles with 500—lb (227 kg) weight.

13. Immersion in saltwater overnight followed by insulation—
resistance measurement and voltage—withstand test.

14. Abrasion resistance.

Flexing

The splices were flexed by pulling the cable over a wooden reel
with a 32—in. (81—cm) core, as shown in Figure 26. The reel was held
down by its support stand and by weights. Two cables were flexed
simultaneously. The short ends of the cables were pulled up by for ces
of 250 or 500 lb by means of 1/4—in. (6.4—mm) steel cables which ran
over pulleys to 250— (113—kg) or 500—lb (227—kg) weights. The long ends
of the cables were attached to a ho ist, which when raised pulled the
spliced portions of the cable onto the bottom of the reel and when lowered ,
allowed them to move off and a foot (about 30 cm) beyond the reel. The
pulleys suppor t ing the weights were held up by a second hoist. The

6
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cycling process was electrically controlled. Each cycle took 1 mm with
approxima tely 6 s r equired for  mov ing the sp lice on to the reel , 24 s of
res t , 6 s required to move the splice off the reel , and ano ther 24 s of
rest. The cables were attached with Kellems Grips , and the ends of these
were secured with hose clamp s to prevent slippage . The amount of travel
during the f lex ing  operation was con trolled by limit switches.

Water Immersion Cycling

The spliced cables were placed into a steel tank 4—1/2 ft (137 cm)
long, 2 ft (61 cm) wide , and 3—1/2 ft (107 cm) high lined with a 50—mil
poly(vinylidine chloride) and epoxy liner , filled -o a height of 3 ft
(91 cm) with 3% saltwater . Each cable was held in a wooden yoke as shown
in Figure 27. The cable was supported at the cable breakout boot at the
short end of the cable and at a point 5 ft (152 cm) from the center of
the splice on the long end of cable , so that the splice area was at the

S bo ttom of a Ti and a lmos t touched the bottom of the tank.  With  this  yoke
the 100—lb (45.4—kg) cable could be individually handled , or fo ur cables
could be transported together with a forklift.

The saltwater was heated by steam passing through a 41—f t (12.5 m),
3/4—in. (1.9—cm) OD, 70—30 copper—nickel tube that went to the bottom of
the tank , made nine traverses, and came up again, and then pa ssing
through a 26—ft (7.9—m) copper—nickel coil hung at one end of the tank.
The bath was cooled by passing tapwater through the same tubing config-
uration. A valving arrangement allowed the return of the condensed
steam to a condensate line and the discharge of the spent cooling water
to the drain.

The upper and lower temperatures were maintained by a control unit
with thermistor sensor that energized a solenoid valve . The saltwater
was agi tated by an ex ternal centr i fugal  pump wh ich removed the sal twa ter
1 ft (about 30 cm) below the surface and returned it at the bottom of the
tank through 3/4—in . (1.9—cm) chlorinated poly (vinyl chloride) piping.
The thermistor temperature sensor was inserted in the flow path of this
piping.

The steam was turned on at 0800 and allowed to f l ow through an
open “coarse control” ga te valve , which was closed when the 80C temper-
ature was reached at about 0930, and the tempera ture was ma in tained
within 0.5C by steam flowing through a “fine control” metering valve .
The cold water  was turned on at 1630 and allowed to f low through the
“f ine control” metering valve. Four turns of this valve produced a
modera te f low of wa ter , which was turned o f f  by a timer and solenoid
valve after 4 hr. Each morning the water that had evaporated in the
prev ious cycle was replaced by adding demineralized water.

Af ter the first and third complete cycles, insula tion resistances
were measured . The insulation resistance was also measured at the end
of the hot port ion of the fifth cycle. After the fifth cycle was corn—
p leted by overnight cooling , the insulation resistance was measured ,
and the splices were subjected to the dielectric withstand test.
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E l e c t r i c a l  Measurements

The e lec t r i ca l  measurements , to de te rmine  sp l ice  pe r fo rmance  be fo re
and a f t e r  t h e  above exposures , were made w i t h  a H ipo t ron ic s  highpot
t e s t e r .  This i n s t r u m e n t  supp lied a var iab le  high vo l t age  ( e i t her  AC or
D C ) ,  which was displayed on a meter , and aJso neasured the current flow .
In the tank used for water immersion cycling , the copper—nickel tubing
was used as a ground connection to the saltwater; and in a large plastic
tank tha t was sometimes used for  sa l twa te r  immersion , braided sk t i e l dt h g
was used to make the connection from the instrument ground to the salt-
water. The following measurements were made:

Insulation Resistance. A potential of 1,000 VDC wa s app lied to the
conduc to r s .  The smal les t  d i v i s i o n  of the cu r r en t  meter  represented  1 iA;

— no motion of the meter  needle was i n ter p r e t e d  as a cu r r en t  less than 0.1
1iA , and indicated an insu la t ion  res i s tance  of more than 10 ,000 M~~. The
maximum direct current reading was 5,000 i.iA , which would indicate an
insulation resistance of 200 kQ , and for lower resistance values the
vol tage was r educed .  For some of the f a u l t y  cables , the  vo l t ages  had to
he reduced so far as to be illegible on the meter , and in these instances ,
a vacuum tube vo l tme te r  was p laced across the  tes t  leads. The res i s tance
values obtained for the white insulated conductor and , therefore , for the
test braid at the cable j acke t  inside the splice are shown in Table 1.

— 
The insulation resistances of the black and the red insulated con-

ductors were always so high (above 10,000 MQ) as not to be measurable
with this equipment. The only significant exceptions were in the insula-
tion resistances of the hot cables at the end of the fifth heating period
of the heat cycl ing.  (These values were gen erall y similar for the black
and red conductors and were approximately as follows : Test splice SS—1 ,
10,000 M~ ; SS—2 , 250 ft~; SS—3 , 60 ~L; SS—4, 10,000 M~ ; SS—5 , 10,000 M ;
SS—6 , 10,000 Mi~; SS—7 , 10 ,000 W ; SS—8 , 10 ,000 M.~; SS—9 , 250 M~ ; SS—l0 ,
350 MP; SS—ll , 100 Mc2; SS—12 , 40 ~L) .

Dielec t r ic  W i t h s t a n d  Test. A p o t e n t i a l  of 2,200 VAC was appl ied to
the conductor for 1 m m .  Splices in good condition gave current readings
of approximately 1 mA (or s l igh t l y more)  when immersed in s a l twa te r .
When the current f low increased above 5 mA , it was considered tha t  the
sp lice had fai led the tes t .  In such cases the vol tage was reduced and
the voltage that gave a 5—mA current flow was recorded. The results for
the white insulated conductors are shown in Table 1. No failures were
observed for the red or black conductors.

Abrasion

The abrasion resistance of the sp lices was determined by dragg ing
the spliced cables and an unspl iced cable on an asphal t ic  concrete
roadway. The cables were a t tached  to a ho r i zon ta l  bar mounted on a
pickup truck as shown in Figure 28. The cables were pulled at approx-
ima tely 5 mph (8 kmph) over an oval course 0.19 mile (0.30 km) long .
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A f t e r  one lap the cables were turned over and photographed (Figure 29),
and the maximum width  of each abrasion mark was measured. At th i s  point ,
the shrinkable tubing splices were so damaged that  they were removed .
Af te r  a tota l  of three , six , and ten laps , the cables were again turned
over and photograp hed .

To calculate the approximate abrasion depth , the cross section of
the splice was considered to be a perfect circle from which a segment

— had been worn of f. The length of this segment , or the chord of the
circle, was considered the width of the abraded area ; and the depth of

— the segment was considered the abrasion dep th . The la t ter  was calculated
using the formula

A = 
D— ~ (D2 _ W 2)

where A = abrasion depth

I) = diameter of the splice or cable

W = width of the abraded area

The approxima te abrasion dep ths af ter one lap and af ter ten laps are
shown in Table 2.

DISCUSSION

The three—conductor , heat— and oil—resistant , flexible (THOF) cable
used for shore—to—ship power is about 3 in. (7.6 cm) in diameter and
carries 400 A of 480—V, three—phase , ungrounded current. A 150—ft (45—m)
length of this insulated copper cable weighs 900 lb (408 kg) , costs about
$1,500 , and is often difficult to obtain. If such a cable is damaged at
the ou ter insulation only , it can often be patched , or shrinkable tubing
can be placed over the  damaged port ion .  If the damage extends to the
insulation of the inner conductors , it may be worthwhile to cut the cable
and splice it.

In the past , the THOF—400 cables were o f t e n  used in lengths of 100
to 150 f t  (30 to 45 m ) ,  and these were terminated by breaking out 2 — f t
(60—cm) lengths of the three individual conductors and a t taching large
lugs to each of these. These lugs were then attached to bus bars ashore
or aboard ship . The lugs also were used to temporarily sp lice one length
of cable to another length, and the three bolted connections typically
were insulated with electrical tape , varnished cambric , and f r i c t i o n  tape ,
and were separated from each other by a wooden block arrangement.

The use of lug connection is being discouraged . Ashore and aboard
ship , bus bars are being rep laced by MIL—C—24368 receptacles, and in to
these fit large plugs to which the power cables are attached f 3 } .  The
power cables can be potted into the plug assembly, but  very o f t en  the
plug assembly comes wi th  a 6 — f t  (1 .8—rn)  p ig ta i l  onto which the power
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cable can be connected or sp liced . When two sections of cable are con-
nected for added length, the lugs may be replaced by three in—line
connectors. Alternatively , the cables may again be spliced to or termi—
a ted in the MLL—D—24368 plugs , and two plugs may be joined with a special
phase—reversing double receptacle.

S There has been little experience in the splicing of THOF—400 cable ,
excep t for some vulcanized splices that have been made. Possible splicing
methods are discussed below. This is followed by discussions of possible
tes t me thods , of the prepara tion and performance of the splices, and of
the significance of the results. The experimental work was limited to
the THOF—400 cable, but the same principles would apply to the THOF—5 00
cable.

Splicing Ma terials and Me thod s

There is no generally accepted method for splicing the THOF—400
shore— to—ship cable. Various shipyards , other Naval facilities , and
priva te concerns tha t have large mold ing pres ses have made vulcan ized
splices with this cable. Little work has been done using other methods
that may either be less complicated or require little investment in
equipment .

S Large heat—shrinkable tubing is available and has been used for
repairing or covering damaged areas of the THOF cable but apparently has
not been used for splicing this cable. Such tubing , with an expanded
diameter  of about 4 in. (10 cm) an

~~
with  an adhes ive liner, is available

f r o m  the three major  manufac tu re r s  of hea t—shr inkable  tubing . The heat—
shrinkable tubing supplied for  this purpose is made of cross—linked
polyolef in. The cross linking is obtained by radiation or by chemical
reaction, and the tubing is expanded while hot and then cooled . Subse-
quent hea ting of the expanded tubing will allow it to f low and to a t t empt
to regain its original dimensions . For heat ing small shrinkable tubing,
an electric heat gun is most sui table;  but  fo r  shrinking large tubing ,
a propane hand torch that can provide an 18—in. (45—cm) flame is most
suitable.

Large amounts of smaller f lexible elec trical cables are used in
mining operations, and the three manufacturers cited supply kits for
splicing such cables with heat—shrinkable tubing.*** These kits con tain
inner shrinkable sleeves to cover the connec tors and ou ter shr inkable
sleeves to cover the completed splice; they may contain f i l l i ng  mater ials ,
o ther  splicing materials, and ins t ruct ions . The Bureau of Mines is

*Some of these have proved to be dangerous , and new ones
are being developed .

**Electronized Chemicls Corporation (ECC),  Raychem Corporat ion ,
and Sigmaform Corporat ion .

ECC d i s t r i bu t e s  these throug h Cable Associa tes , a subs idiary
company .
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in teres ted in such sp lices and sponsored a study of various mine splices
by Pennsy lvania State  Univers i ty  [4]. This study found that performance
var ies cons iderably and attributed most failures to workmanship defects.
The Bureau of Mines has ce r t i f i ed  shrinkable tubing  f rom the above
manufac turers for  use in mine splices. However , though the certification
tests include tests for fire resistance , they do no t include elec tr ical
qual i f ica t ions.

The heat—shrinkable tubing mine splice kits are available for the
smaller flexible cables used in mines but not for the THOF—400 cable.
However , sufficiently large tubing is availabl e and was ob tained ,
together  w i t h  other  required mater ia ls .  A splicing techni que was then
developed . For the insulation of the spliced inner conductor , shr inkable
tubing similar to tha t  used for  the underground distribution cables
was chosen [l}.

It was desired to compare the heat—shrinkable tubing splices with
vulcanized splices that could be made with portable molding presses.
One such press is the Bench Type Cable Vulcanizer manufactured by Joy
Manufac tu r ing  Company ; another  is the Hotsp licer Heavy Duty Molding
Press made by Hexcel Corporation.

The Joy vulcanizer accommodates molds up to 30 in. (76 cm) long
and is for  pr essure mold ing, in which the proper amount of unvulcanized
material  is applied to the cold sp lice and very l i t t l e  of th i s  is lost
during the vulcanizing .

The Ho tsp licer me thod uses a transfer proces s in wh ich a slight
— excess of unvulcanized ma ter ial applied to the cold sp lice and additional

warm unvulcan ized ma ter ial is forced into the closed , warm mold cavity
just before the splice is vulcanized . The purpose of transferring the
add itiona l unvulcan ized material is to f ill any void s and to allow
accumulated air to escape through bleed holes and at the cable jacket.
This is important for the high voltage applications for which the
Ho tsplicer method was designed. The Hotsplicer press is intended for
molds no longer than 24 in. (61 cm).

For the flexible neoprene—sheathed THOF cable , a neoprene vul caniz ing
material is recommended for the splice cover. Various unvulcanized or
par tially vul canized tapes of neoprene or rubber are available for  the
insulation of the spliced conduc tors , and cloth—reinforced tapes are
available to give added strength. It is also possible to insulate the
inner conductors with heat—shrinkable tubing. Iii this manner a known
thickness of insulation is provided that will not shift during the
vulcanizing process , and this is the method that was chosen .

S A var ie ty  of materials , including epoxies , silicones , and pol y—
urethanes , are available for  molding splices wi thout  the use of heat .
Such ambient—temperature—cured materials are sometimes called “room—
temperature vulcanized , ” which  is a misnomer. No external  heat is applied
for these polymerization reactions , and although the temperature may rise
because of the heat of reaction , it does not reach cus tomary vu l can iza tion
temperatures .  Most of the sp lices made in this manner are much too ri gid
for flexible cable. However, a flexible ambient—temperature—cured
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pol yure thane  insulat ing mater ia l  has recently been made avai lab le  by the
Products  Research and Chemical Corporat ion.  In cooperation wi th  th is
company,  a mold was developed for  the use of th is  mater ia l  for  shore—to—
ship cable sp lices. Heat—shrinkable  tubing lined wi th  adhesive was again
used to insulate the spliced conductors .

Test Methods

There are no established methods of testing spliced shore—to—ship
cable . For the testing of shrinkable splice covers for single—conductor
underground d i s t r i bu t ion  cables [1],  a series of methods were selected
from the methods of the National Elect r ical  Manufac tu re r ’s Associat ion
(NEMA ) [5] and of the Western Underground Committee [6]  for  600—V
underground splices and mul t it ap  junc t ions .  These included overnight
immersion , water—immersion heat cycling , f l ex ing  and twis t ing , and
current  cycling . Each test method was followed by overnight  immersion
in saltwater and measurement of the insulation resistance; a voltage
withs tand test was made at the end of the exper iments .

For the sp liced single—conductor cables it was a simple matter to
detect  f a i lu re  of the sp lice by insulation resistance measurements .  For
the sp liced three—conductor cables such measurements could be mis leading.
If each of the three spl iced cond uctors are covered by heat—shrinkable
tubing and the whole splice is covered by large shrinkable tubing, the
failure of any of these four shrinkable tubings would not appreciably
affect the insulation resistance between any two of the three conductors
or between any of them and the surrounding saltwater.

It would be very d i f f i c u l t  to detect any f a i lu re  in the insulat ion
of the spliced conductors , especially when the splice was f i l led  with a
nonconducting f i l l e r .  It was , however , possible to detect  any f a i l u r e
of the outside insulation along the cable jacket  by a t t ach ing  a wire
screen electr ode at the cu toff  end of the cable jacke t and connecting
it to one of the conductors. This electrode was connected to the spliced
white insulated conductor  in the center of the splice (as shown in
Fi gure 30), and the resis tance between the whi te  conductor and the salt-
water bath was there fore  the same as the insu la t ion  resistance along
the two covered port ions of the cable jacke ts , e l ec t r i ca l ly  in paral le l .

A f l ex ing  test was considered very important  for  the f l ex ib le  cable.
It was believed tha t the best method would be to reel the cable under
tension onto and o f f  the core of a reel similar to one that mi ght be
used fo r  cable storage . The method was described in the experimental
section and was shown in Figure 26. I n i t i a l l y ,  250 lb (113 kg) of
tension was used and later  500 lb (227 kg) .  These appeared to be
reasonable f igures  because the force  required to drag a 150—ft  (46—rn )
length of cable , weighing 900 lb (408 kg ) ,  along the deck of a ship
was 600 lb (272 kg) .

The water—immersion heat cycling used previously was used again
because it provided a good test  for  the adhesive l iner of the outer
shrinkable tubing.  The bath in which the sal twater  was l e f t  at 80C for
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7 hr each day and cooled to 25C overnight had to be grea t l y enlarged.
The cur ren t  cycl ing used ear l ier  was omi t t ed . In th is  test  method ,

the sp lice had been heated to 90C by app ly ing a large cur rent , and it
was rapidly cooled by immersion in water. It would be difficult to
rapid ly  cool the inner conductors  of a large spl ice , and it would also
be d i f f i c u l t  to determine the temperatures  of the sp liced conductors .

An abrasion test was also considered impor t an t .  Rather  than sub-
jecting each splice ma terial to a Taber abrader or abrad ing the splice
with  a f i l e  or o ther  abrasive mater ia l , the comp leted sp lices tha t had
been subjected to the other test methods were dragged over an asphalt ic
concrete course . Such an exposure is more s imilar  to what migh t happen
in pract ice and is likely to give more valid comparative informat ion
than a laboratory t e s t .

Prepara t ion  of Sp lices

Inner Splices. The copper conductors  of the THOF-~400 cable were
butt—connected with copper compression sleeves. The 2052—strand con-
ductors did not fit into 400 MCM sleeves, and 500 MCM sleeves were used.
Al though this sleeve left some play before compression (Burndy sleeves
were more snug than other  sleeves that were t r i e d ) ,  it could be corn—
pressed wi th  a manual hydraul ic  press to produce a tight connection with
an u l t ima te  tensile s t r eng th  of 7 ,400 lb (3 , 350 kg ) .

The splice was kept as short as practical to allow use of shorter
splice covers. The 18—in . (45—cm) space between the cut cable jackets
was the minimum needed when the three 3—in. (7.6—cm) compression sleeves
were cen tered in the splice and staggered 1 in. (2.5 cm) apart and when
the conductors were kept in the proper lay and assembled wi th  7—in .
(17.8—cm) heat—shrinkable tubing for the insulation of the compression

S sleeves. A f u r t h e r  shortening of the splice would have made it difficult
to manipulate the cable and the manual hydraulic press during splic ing.
(By staggering the compression sleeves only 1/2—in . (1.3—cm) apart and
using 6—in.  (15—cm) hea t—shr inkable  tub ing ,  a 16—in. (40—cm) sp lice was
prepared for  the Hotsplicer vulcanized sp l ice . )

The preparat ion of the inner portion of the sp lice , as described in
the experimental section and in more detail in the Appendix , req uired
3.5 hr for  an experienced technician working alone.

Shrinkable Splice Covers. The longest heat—shrinkable outer sleeve
available from Raychem was a nominal 30 in. (76 cm) long and was a little
over 27 in. (69 cm) long after application. This sleeve, therefore ,
covered each cable jacket  4 .5 in. (11.5 cm) out  from the 18—in. (45—cm)
inner sp lice — or a distance of 1—1/2 cable diameters .  The ECC Dura—
Splice and the Sigmaform mine—type sleeves were available and were used
in 36—in.  (92 cm) lengths . The app lied lengths were 35 and 34 in.
(89 and 86 cm), and theref ore the coverages of the cable jacke ts were
about 8.5 and 8 in. (22 and 20 cm) , respectively .

Op inion of manufac ture r  representatives d i f f e r e d  on whether a
f i l l e r  was needed between the insulated conductors and the outer  sleeve ,

13 

~~~s2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —--~~~~~ -.---



-~ - - —--~ --~ S -~ 
~~~~~~~~~~—-~~~~~~~ - S-~~~~~~~~ — -

-: e ssent ial ly to replace the jute filler of the orig inal cable and to make
a smooth round splic e. A sample splice without filler was prepared , but
th i s  had very  sharp ed ges at the ends of the inner spl ice  which  appeared
to be very stressed during f l ex ing  and which would probabl y be exposed to
excessive abras ion.  Another  sample splice was f i l l e d  by wind ing with
mar l in  co rd , but this required considerable time and produced a compar-
ative ly stiff splice. Either AMP dielectric and sealing compound or
Raychem dielectric filler were suitable as fillers. These are ava ilabl e
in l / 8 — i n . — t h i c k  ribbons 3—3/4 and 2 in. wide , respec tively. The former
wou ld have been easier to use if i t had been less sticky and less
pl iable; the latter would have been easier to use if it had been more
s t i c k y and more p l iable because it would have stayed in place better.
Both fillers were sufficientl y sticky that it was difficult to slip the
outer sleeve (with its adhesive liner) over the filled inner splice.
The f illed port ion was therefore covered with varnished cambric before
the outer  sleeve was slipped over it and was shrunk  on.

The sh r ink ing  on of the ou ter  sleeve w i t h  a large propane f lame
required about 15 m m .  The f i l l i n g  of the splice and the appl icat ion
of the outer  sleeve , as described in the experimental  section and in
more detail in the Appendix , required about 1.3 hr , f or an experienced
technican working alone (except for help in slipp ing the expanded sleeve
over the splice). After completion , the splice was allowed to cool for
at least 2 hours before it was moved.

Vulcanized Splice Covers. Two types of vulcanized splice covers
were used in the experiments. One of these was made with a Joy vulcanizer
aboard the U.S.S. Dixon, by a procedure that the crew had extensively
used for repair of the THOF—400 cable. This procedure included a mold
made aboard ship , and a tread repair gum rather than the more expensive
recommended neoprene vulcanizing material was used . The inner splice
with metal screen electrodes had been made at CEL.

A second type of vulcanized splice was made by the Hotsplicer
method . For this large flexible cable , the manufac turer had re commended
a 36—in . (92—cm) mold , which would have required two molding presses ,
but by reducing the inner splice length from 18 in. (46 cm) to 16 in.
(40 cm ) ,  it was possible to use a 24—in . (61—cm) mold with one molding
press. The manufacturer had suggested a 3.75—in. (9.5—cm) mold cavity,
bu t by keep ing the cable under tension during the vulcanizing to keep
it in the center of the mold , it was possible to use a 3.25—in. (8.3—cm)
mold cavi ty and thereby increase the f lex ib i l ity of the sp lice.

In the Ho tsplicer method , the sp liced conduc tors would normally be
covered wi th  a pa r t i a l ly vulcanized rubber insula ting tape before the
unvulcanized neoprene tape is applied and the splice vulcanized . The
pa r t i a l ly vulcanized tape wi l l  not f low dur ing  the vulcaniz ing  and w i l l
insure a minimum insulat ion of the compression sleeve . This o b j e c t i v e
was met even be t te r  and wi th  less e f f o r t  by the use of shr inkable  L u b i n g .
The Raychem tubing was chosen because i ts ho t—mel t  adhesive l iner  had a
hi gher sof ten ing  tempera ture  than tha t  of the other inner shr inkable
sleeves. The Raychem tubing also had the greatest  app lied thickness,
which  was 0.122 in .  (3.1 mm) wi thou t  adhesive or about 0.15 in. (3.8 mm)
wi th  the adhesive layer .
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The extruded adhesive from the inner sleeve was covered w i t h
“ t ransi tape” (a gray , na tura l  rubber tape)  to prevent mixing w i t h  the
unvulcanized neoprene . Between the inner conduc tors , some of the green
unvulcanized neoprene was p laced , and the resul ting bundle was covered
with black nylon—reinforced binding tape for added strength. More of the
green neoprene was wound on the sp lice and heated beyond its flow point
of 22SF (107C). Additional warm neoprene was added through the transfer
pot , and the solice was vulcanized at 325F (l63C).

In the prepara tion of samp le splices it became obvious that several
precautions need to be taken. If insufficient neoprene is p laced in to
the press under the splice , the cond uctors could sag and leave reduced
insulation at that area. To minimize this possibility, the splice was
kept under tension during the vulcanizing process. Proper cleaning of
the cable jacke t is also very impor tan t for  proper adhesion , even if the
correct bonding agent is used . The cable jacke t should be abraded
su f f icien tly so tha t no shiny or smooth area remains. The unvulcanized
neoprene has a shelf life of 6 mo if it is refrigerated right af ter
delivery. If it has passed its shelf life, it canno t be properl y trans-
ferred and will have poor adhesion.

A cross section of the completed splice is shown in Figure 31. An
advan tage of the green neoprene sp lice cover is that any abrasion to the
black re inforcing tape , black shrinkable sleeves , or black cable jacket
can be seen read ily.

The time required to make the Hotsp licer splice cover for  the prepared
basic splice was about 2.5 hr , plus the vulcanizing and cooling times.
During par t of this time , a second person hel ped and thus about 4.0 man—hr
were required .

Ambient—Temperature—Cured Splice Covers. The ambient—temperature—
cured pol yure thane insula ting ma ter ial that was used for  the las t type
of splice had previously been used for molding or encapsulating small
connections, and a me thod for  making the large sp lices was developed
with the manufacturer. A horizontal mold with liner did not work well ,
and the resultant splice was very stiff. PRC made the vertical mold ,
shown in Figures 23 and 24, in which the cable could be held straight
by attaching a weight; and it reformulated the PR 498—1/4 material to
provide a more flexible product. According to PRC, c leaning of the cable
jacket prior to applying the splice cover is more important for the
polyure thane splice than for the other splices. Removal of all shiny
surfaces of the cable jacket with a high—speed rotary file was recommended .

The PR 498—1/4 mater ia l  was supplied in a two—component system in
20—o? (590 ml) Semkit containers. In the Semkits the two premeasured
components, originally separated by a barr ier , are mixed by agita t ion
with a plunger. Mixing of the five 20—oz (590—ml ) Semkits appeared to
present no problem , bu t the material ac tually was not mixed well enough
and when the comple ted splice was cu t in to sec tions , pockets of unreacted
isocyanate material were found . When the same splice was made with
thirteen 8—oz (235—ml ) two—component Semkits , good mixing and a good
splice cover resulted.
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The mixing of 13 kits  took considerable e f f o r t , and good mixing
could not be achieved wi th  the 20— oz (590—ml) k i ts .  Two sp lices were
the re fo re  made wi th  the PR 498—1/4 mater ia l  supp lied as a three—component
system in cans. The two main components were mixed wi th  a spatula , and
a f t e r  the addi t ion of ca ta lys t  the material  was mixed again.  Three sets
of 27—oz (800—ml) kits of the PR 498— 1/4 would be required for one sp lice.
The first time the material was mixed , the mixing was no t comp lete and
pockets of unreacted material resulted . The second time the material
was mixed no unreacted material remained , but considerable entrained
air was found .

For the splices used in the test sequence , the PR 498—1/4 was
supp lied in 1/10—gal (380—ml), three—componen t Semkits. Eight such
Semkits were required for each splice . Each kit was mixed for a few
minutes to blend the major components; the catalyst was inj ected f rom
the plunger handle ; the kit was then vigorousl y mixed about 30 s; and the
mixture was injected into the mold. The new Semkits did not appear as
well made as the older ones , and some times the p lunger was d if f i c u l t to
move or became stuck. The effort required to mix the 8 three—component
Sernkits was much more than for the 13 two—component Semkits used earlier.

A cross sec t ion of the completed splice is shown in Figure 32. The
section on the right was cut with a bandsaw, and the fine protrusions
are unreacted material. The section on the left was polished with a
bel t sander , wh ich opened a passage tha t allowed some unreac ted materia l
to ooze out into a bead .

The time required for two persons to make the polyurethane splice
cover for the prepared basic splice was about 1.8 hr (or about 3.5
man—hr) plus overnight curing and removal from the mold . The mold release
time was designed to be 2 hr , but  the mix tu re  was s t i l l  too tack y to
remove the mold a f t e r  4 h r .

Performance of Splices

If the criteria for good performance of the splices are onl y that
continuity be maintained and that the conductors remain well—insulated
from each other and from saltwater outside of the sp lice , then all the
splices performed well after a total of 700 flexing cycles on a cable
reel and a total of 10 heating cycles in a saltwater bath . If it is
also required tha t the elec trical in tegri ty of the cable jacke t be
comp letely res tored and tha t the splice be as abrasion resistant as the
cable , then all the splices failed. Between these extremes , the experi-
men tal resul ts ind ica te tha t all the splices could give adequa te service
but that potential problems exist.

The insulation resistances measured after each test exposure, and
listed in Table 1, were for the electrical paths along the cable jackets
from the saltwater to the wire screen electrodes. The average lengths
of these paths varied from 3 in. (7.6 cm) for the Dixon splice to 8.5 in.
(21.6 cm) for the ECC splice. After initial immersion in saltwater , these
insulation resistances were above 5 MO for all the splices , except for the
Dixon splices , which had neglig ible resistances.

16
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The shrinkable tub ing  sp lices were moderately a f f e c t e d  by the
ini t ia l  300 f l ex Ing  cycles whereas the others were not a f f e c t e d . The
immersion heat cycl ing was expected to a f f e c t  primarily the shrinkable
tubing splices but to varying degrees it also a f f e c t e d  some of the other
sp lices. The low insula t ion—resis tance  values a f t e r  heat cycl ing of the
shrinkable tubing sp lices were sometimes dramat ica l ly  increased by f l ex ing ,
which problably r ed i s t r i bu ted  the adhesive l iner.  The lowest i n s u l a t i o n —
resistance value reached by the shrinkable tubing sp lices was about lOOkO.

The Dixon vulcanized sp lices had very low insu la t ion—res is tance
values a f t e r  the in i t ia l  immersion. One of the PRC pol yure thane  sp lices
failed during the heat cycling . The other PRC splice and the Hotsp licer
vulcanized splice had high insulation resistance values after the final
flexing cycles.

There is no recognized lower limi t for  the insula t ion res istance
along the cable jackets, and this is not a measuremen t tha t is generally
made . However , a very low value might indicate a possible leak of water
into the splice and into the jute filler of the cable. (Moisture in the
filler may produce a rupture when the cable is heated by placing it in

S service). Otherwise, a value of lOOkil or lower might be acceptable as
long as the inner conductors are well—insulated .

There is no indication of any failure of the inner heat—shrinkable
sleeves at the spliced conductors , and none would be expec ted on the
basis of previous experiments [1]. Additional insulation is provided
be tween the inner sleeves and the cable jacke t by the d ielec tr ic f i l le r
or the molded insulating material. Thus, a splice like the Dixon splice
could provide greater electrical safety than three in—line connectors
which have no outer jacket. However, a better seal at the cable jacket
would provide greater confidence.

Two of the shrinkable tubing splices (Sigmaform and ECC) lost con-
siderable adhesive from the ends of the splices during the heat cycling ,
as shown in Figure 33. For mine splices, the man ufac turers of ten suggest
covering the ends of the splice with additional shrinkable tubing without
sealant. For the shore—to—ship cables they thought these end sleeves
would not be necessary . However , a cleaner and probably better splice
would have resulted . The end sleeves, made of thinner tubing than the
sp lice covers , would have been about 6 in. long and centered over the
ends of the splice covers, thus holding in the adhesive and the sp lice
covers. The Raychem splice covers remained tight , and there was no loss
of adhesion.

The vulcanized splices (Figures 33 a and b) and the ambient—
temperature—cured splice (Figure 34) did not show any visual effect from 

S

the flexing or heat cycling , with the exception of the open crack in one
of the pol yure thane splices. This crack was not very large after the
final flexing (as shown in Figure 34), but af ter the spl ice rema ined in 

S

a flexed posi tion for 3 mon ths , the crack extended half way around the S

splice and became 1/2 in. wide. The other ambient—temperature—cured
sp lice did not show any defects during the testing , but after it
remained on a reel for 7 months, it also had a large crack that extended
almost half way around the splice.
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The shr inkable  tubing sp lices were more readily abraded than might
have been expected in view of the  toug hness of the crosslinked po lyo le f in
tub ing . A con t r ibu t ing  fac to r  was the wrinkled shape that the shrinkable
tub ing  assumed when the tubing was kept bent for a prolonged period. The
r e su l t ing  r idges , which are i l lus t ra ted in Fi gure 33b , bear the weight
of the dragged cable and are abraded f i r s t .  The abrasion depths l isted
in Table 2 were calculated from the width  of the abraded area and on the
assumption tha t the cross section of the splice was a perfect circle.
For the wrinkled shrinkable tubing splice covers , which were worn through
at the ridges , these values are very approximate. The abrasion test
represen ted ex treme cond itions , and the sp lices became very warm as they
were dragged over the asphaltic concrete roadway. Occasional dragg ing
for short distances should have much lesser effec t on the splices.

The vulcanized and ambient—temperature—cured splices were abraded
much less than the shrinkable tubing splices. These splices were not
def ormed by prolonged bend ing, and the abrasion wear was very even . If
properl y made , these splices have thicker covers than the shrinkable
tubing splices and can be worn deeper without providing electrical
dangers. But if molded splices are not properly made , por tions of the
insulated cond uctors could somet imes lie very near the sur face  and could
be covered by very thin layers of splice cover. An advantage of the
shrinkable tubing splice covers is that the insulated conductors are
covered by outer insulation that has at least the wall thickness of the
tubing.

The shrinkable tubing splice covers were sufficiently f lexible to
provide no problem in handling of the cable. The vulcanized splice
covers were much more flexible. The polyure thane splice was the mos t
f l ex ible and could be bent almost as easily as the ori ginal cable .

The approximate costs of the various splices range from about $29
to $78 and from about 5 man—hr to 7—1/2 man—hr . These costs are further
br oken down fo r  each sp lice in Table 3. The basic sp lice cos ts include
$8 for the connectors and the inner sleeves. The splice cover costs
include about $6 for dielectric filler and incidental materials , which 

S

5lre in addition to the costs of the outer sleeves , the vulcanizing
materials , or the Semkits. The dollar costs are estimates per sp lice
w h n  materials for 20 splices are purchased . The Hotsplicer sp lice
requires a press and mold costing $1 ,800. The Dixon splice, which is
not listed in Table 3 because definitive information is not available ,
requires slightl y less expens ive equipmen t and ma terials than the
Hotsolicer splice.

The manp ower es t ima tes in Table 3 are for  one experienced technician
w’ rking f u l l  time w ith some ass istance in the vulcan i z ing or mold ing
procedures. With experience , these manpower requiremen ts migh t be
reduced . The shrinkable tubing splice covers requ ire less skill than
the others. However , the sp licing of shore—to—ship cables should not
be entrusted to unskilled personnel.
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CONCLUSIONS

1. Heat—shrinkable polyolefin tubing , l ined wi th adhesive , provides
good insulat ion for the spliced conductors of THOF—400 shore—to—ship
cable , when used with various splice covers.

2. Heat—shr inkable polyolef in tubing can be used to make satisfactory
sp lice covers for THOF—400 shore—to—ship cable , withou t much spec ial ized
equ ipment and with moderate skill. However , the insulation resistance
and the abrasion resistance are not as good as for the orig inal cable.

3. Vulcanized neoprene splice covers , properl y prepared , pr ov ide
excellent splice covers for shore—to—ship cable , but they require special

F equipment and slightly higher skill.

4. An ambient—temperature—cured polyure thane insula ting ma ter ial
(PRC 498—1/4) has not been sufficiently well—d eveloped for practical use
as a sp lice cover for shore— to—ship cable. The application method
req uires high skill and is potentially hazardo us , and after several
mon ths , both splices had developed deep cracks .

5. if the  amb ien t—tempera tu r e—cured  po lyure thane  i n su l a t i ng  m a t e r i a l
and its method of application are further developed , this material would
probabl y provide better splice covers than the shrinkable tubing, with a
moderate additional effort and cost and without much specialized equipment.

6. The prepara tion of good shore—to—ship cable splices requires
moderate skill and considerable care. The time required is from 5 to 8
man—br , and the material costs range from $30 to $80.
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Figure 1. Splicing of conductors of THOF—400 cable , showing the
c u t — o f f  cables.
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Figure 2. Conductors and compression sleeve marked for proper contact. 
S
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Figure 3. Attachment of first compression sleeve .
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Figure 4. Cables with one side of each compression sleeve attached .
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Figure 5. Sp licing of conductors.
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Figure 6. Spliced conductors with test braid and shrinkable sleeves
installed .

Figure 7. Preparation of shrinkable tubing splice cover , wi th one set
of dielec tric strips installed .
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Fi gure 8. Two sets of dielectric strips installed.

Fi gure 9. Dielectric filler installed .
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Figure 10. Dielectric filler covered with varnished cambric .
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Figure 11. Hea t ing  of shr inkable  sleeve .
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Figure 12. Partly shrunk sleeve.
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Figure 13. Finished shrinkable tubing splice.
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Figure 14. Preparation of vulcanized splice cover, showing adhesive
covered wi th  t ransi tape.

Figure 15. Inner neoprene layer held wi th  binding tape .
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Figure 16. Layer of binding tape completed .

Figure 17. Layer of unvulcanized neoprene added .
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Fi gure 18. Unvulcanized  splice placed in pr~’ss.
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Figure 20. Press wi th  ext rus ions  through bleed holes.
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Fi gu r t ~ 21. Vulcan ized  s p l ic e  in opened press.
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Figure 22. Finished vulcanized splice.
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Figure 24. Injection of polyurethane mixture into mold .
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Figure 25 .  Finished ambien t— F i gure  26. Cable flexing.
temperature—cured
splice.
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F igure  27. Water immersion bath.
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Figure 29. Abrasion test results after one lap.
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Fi gure 31. Cross sect ion of vulcanized splice.
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Fi gure 32. Cross section of ambien t—tempera ture—cured  splice.
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(b) Side v iew.

Fi gure 33. Si gmaform , ECC , Raychem , and Dixon splices a f t e r  final
f lex ing  cycles , left to right.
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Fi gure 34. PRC and Hotsplicer  sp lices a f t e r  f i n a l f I c x in ~ C V C L 5 .
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Table 2.  Abrasion of Splices

Abrasion Depth (mils)a
Splice .0.2—Mile Course 2—Mile Course

Unspli ced cable 50 150

Si gmaform (SS_ S) b 160 —

ECC (SS—6) 160 —

Raychem (SS—7) 160 —

Dixon (sS—8) 110 200

Hotsplicer (SS— 9) 70 235

PRC (SS—ll) 120 290

aApproximate depth af ter dragg ing over asphal tic concr ete a
distance of 0.3 km and 3.0 km.

b
Designation for shore—to—ship splice samp le.

Table 3. Approx imate Splice Costs

Basis for Cost Sigmaform ECC Ray chem Hotsplicer PRC

Basic Splice
Ma ter ials ($) 16 11 22 22 22
Man—hours 3.5 3.5 3.5 3.5 3.5

Splice Cover
Ma terials ($) 30 18 44 33 56
Man—hours 1.5 1.5 1.5 4.0 3.5

Comple te Splice
Ma terials ($) 46 29 66 55 78
Man—hours 5.0 5.0 5.0 7.5 7.0
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Appendix

*SPLICING PROCEDURES FOR THOF—400 FLEXIBLE
POWER CABLE WITH SHRINKABLE SLEEVES

1. Cut Back Cable Jacket (note section 6 on Vulcanized Splice Cover
if appropriate)

(a) For an 18—in, splice, place a hose clamp 14 in. from the end of
each cable; cut back cable jacket to the clamp ; remove filler
(check to make sure that color coding of conductors corresponds
on the two cables).

(b) Remove any marking tape to about 1 in. from the cable jacket.

2. Mark and Cut Conductors

(a) Clamp straightened insulated inner conductors with a perpen-
dicular hose clamp placed 13 in. from the cable jacket (outer);
place a second hose clamp about 6 in. from the cable jacket
(inner).

(b) Mark the black conductor at 0 in. and 1—3/8 in. from the outer
hose clamp.

(c) Mark the white conductor at 4 in. and 5—3/8 in. from the outer
hose clamp .

(d) Mark the red conductor at 8 in. and 9—3/8 in. from the outer
hose clamp .

(e) On second cable do the same but in the order: red , whi te, black.

(f) Cut conductors at 0— , 4— , and 8—in , marks. S

(g) Cut back insulation at 1—3/8— , 5—3/8— , and 9—3/8— in, marks; hold
conductor wires together with rubber bands.

3. Attach Compression Sleeves

(a) On the three compression sleeves (or connectors) make length-
wise lines 180 deg apart; on one of the lines mark the points
that are 1/2 in. and 1 in. on either side of the center .

(b) At tach  connectors to short conductors of each cable and to one
of the white  conductors : (1) assemble splice with the connectors
and in proper lay ; (2)  extend outer lines on connectors onto
the insu la t ion ;  (3) mark contact poin ts 90 deg apar t from the
extended lines , use single mark on one side , double mark on
other  side; (4) a t t ach  the three connectors , a f t e r  ro t a t ing

*These detai led ins t ruct ions  are intended for  Eng lish measurements. S

If they were converted to the S.I. system , or me tric measurements, the
dimensions would be changed to values that would be more easily mea—
sured in this system. For this reason, conversions are not shown.
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the cable so that connector being compressed is at bottom of
cable and making sure that the contact points line up; (5)
while keeping the connector in this position, compress at the
1/2— and 1—in , marks.

(c) Assemble the splice with the three 7—in, heat—shrinkable inner
sleeves inserted over the longest conductors.

(d) Complete compression of connectors , lining up marks with those
on insulation (Note: Attach middle connector first; separate
cond uctors wi th wed ges before , but not during, the compressions).

4. Shrink on Inner Heat—Shrinkable Sleeves and Attach Test Braid*

(a) Clean the insulation about 3 in. on either side of the con-
nector with trichloroethane , place marks 1—1/2 in. from the
connectors.

(b) Attach a 20—in . braided* connecting wire to center compression
fitting with fine wire.

(c) Shrink on inner sleeves with heat gun : (1) center each sleeve ;
(2) shrink center portion; (3) shrink each end , heating until
there is a small but continuous extrusion of adhesive material.

(d) Twist and shape inner conductors to proper lay.

(e) Move hose clamp on cable jacket* back 3/8 in.; with double
hacksaw blade , cut groove in cable jacket along the inside of
the hose clamp ; remove hose clamp .

(f) Attach braided * shielding over end of cable jacket and 1/8 in.
beyond the groove ; place holding wire over the groove ; bend
twisted end into the splice; solder both shields and the
twisted wires to the braided connecting wire .

5. Heat—Shrinkable Splice Cover

(a) Fill the splice as described here or in section 5.(b). For
2—in .—wide dielectric compound in roll (or strip) from: (1)
for one set of three 18—in, strips (or three 12—in , and three
6—in , strips), fold up a small portion of each strip along
its length and roll the strip into a cylinder ; (2) lay one
roiled strip into each of the three grooves between the con-
ductors; compress into the grooves; work from center to sides
to exclude air; (3) take a second set of three 18—in, strips
and fold them in half lengthwise; place the strips in the
grooves, on top of the first set, and work them in; (4) lay
-‘ third set of three 18—in, strips over the exposed insulated
conductors , thus covering them with a single thickness of
dielectric compound , make the ends fit smoothly by cutting off
a triangular wedge from one end of each strip and placing it
at the other end of the strip; (5) work thick portions toward

*The test braid and groove in cable jacket was added for  tes t ing only.
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the single layers to provide mechanical cont inu i ty  of the
dielec tric compound ; work from center to sides; (6) cut two
2— in, strips about 8—3/4 in. long and make an additiona l layer
extending 2 in. into the splice f rom the edge of the cable
j a c k e t .

(b) For 3—3/4— in.—wide dielectric compound : (1) cut three 18—1/2—
in. strips; fold up a small portion of the strip along its
length and roll the strip into a cylinder; (2) lay the rolled
strips in grooves between conductors; compress to fill grooves; 

S

work from center to sides to exclude air; (3) cut three more
18—1/2— in, strips of dielectric compound ; fold up 1 in., so
that almost half of the strip is double thickness; (4) lay the 

S

single thicknesses over the conductors so that the double
thicknesses lie on top of the partly filled groove ; (5) work
thick por tions toward the sing le layers to prov ide mechan ical
continuity of the dielectric compound; work from center to
sides; (6) at ends of splice , take off excess dielectric
compound or add additional dielectric as needed ; level off
even with cable jacket.

(c) Starting 1/2 in. out over the cable jacket (or at the holding
wire of the braided shielding), firmly wind varnished cambric
one— third of the way into the sp lice, by half lapping ; starting
similarly at the other end of the splice , f i rml y wind varnished
cambric one—third of the way into the splice; continue wrapping
remainder of splice so as to contain , bu t no t extrude , the
dielectric compound .

(d) Solvent—clean the cable jacket where it will be covered by the
outer sleeve and abrade with file card.

(e) Mark on cable jacket the end positions of the expanded outer
sleeve; inser t sleeve, cen ter wi th wedges.

(f) Heat and shrink inner third of outer sleeve; heat and shrink
the outer portions. (Note: Keep rolled end of the deflector
close to cable; heat slowly to allow heat to penetrate to
adhesive.)

6. Vulcanized Splice Cover

(Note: The following procedure app lies to the Ho tsp licer model
56OJ heavy—duty molding press with a splicing mold no. 24—325—
287. Of help is a 28—in , template marked for a 26—in. appli-
cation of the uncured neoprene and for a tapering to an 18—in.
mold cavity. For the vulcanized splice make the changes in
the prior sections that are listed below and add the following
statement to section 2.f: “before cutting at the 7—in, mark ,
remove any exposed marking tape”).
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Change FromSection . To ( i n . )
_______ ( i n . )  

________

18 16l.a 14 12—1/2

l .b  1 1/2

13 11—1/2
2.a 

6 5—1/2

4 3—1/22 .c  5—3/ 8 4—7 /8

8 72 .d 9—3/ 8 8—3/ 8

2 4 3—1/2
8 7

2 5—3/ 8 4—7/8
9— 3/8 8—3/8

3.c 7 6

(a) Place cable supports 32 in. apart and put hose clamps on
outer insulation 14—1/8 in. from the center of the splice.

(b) Untwist the splice to provide space between conductors; coat
shrinkable sleeves and 2 in. of rubber insulation next to
sleeves with #601 bonding agent; let dry 15 m m .

(c) Clean cable jacket with trichioroethane out 5 in. from splice;
buf f  wi th #80 aloxi te clo th until all sh iny surfaces are
removed ; coat with #601 bonding agent.

(d) Wrap single wid th but double thicknesses of #203 unvulcan ized
gray insulating tape (about an 8—in, strip) on rubber
insulation at each end of shrinkable sleeves; place a 3—in.,
double— thickness piece of #102 unvulcanized green neoprene
tape behind each of the two shortest conduc tors; twist splice
back into proper lay.

(e) Remove plug from press and open bleed hole covers by turning
clockwise; clean the mold and wipe it with detergent solution;
preheat the press to 22SF (while continuing the splice
preparation).

(f) Prepare three sets of four 16—in, pieces of #102 neoprene
tape laid on top of each other; place them in the grooves
between the three conductors; hold them with #225 nylon—
reinforced neoprene binding tape; half—lap #225 binding tape
the full length between the cable jackets.
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(g)  Wrap the spl ice w i t h  #102 neoprene tape by h a l f — l a p p i n g :
(1) wrap center of splice to thickness of cable jacket;
( 2 )  wrap f u l l  l eng th  of spl ice as shown by the templa te ,
be ing  sure there  is neat  h a l f — l a p p i n g  (and t he r e fo r e  a double
l aye r )  over the  cable j a c k e t ;  (3) bui ld  midd le  of sp lice up
evenly, tapering as shown by the template , to a minimum
d iame te r  of 3—1/4 in. as measured by outside calipers , but
do not overwrap .

(h) With hose clamps 15 in. from conter of splice , attach 30—in.
ny lon webbing to each outer jacke t , folding end in a “figure 6”
to provide a double layer  under hose clamp .

(i) Cut five 18—in. strips of #102 neoprene tape , plac e three
s t r ips s ide—by—side , cover the  j o i n t s  w i t h  the  o ther  two s t r ips ,
place composite s t r i p  Li bo t tom of mold ; place sp lice into
mold , center ing caref ull y; ~ust barel y close the mold , using
the crank and the center bolt at the f r o n t ;  i n se r t  the  f o u r

• bolts and washers  a t  the  ends of the molds;  a t t a c h  t r a r .s f e r
pot wi th  f o u r  2 2 — i n ,  coils of #102 neoprene tape onto top platen.

(j) Place tension anchors  over cable;  a t t a c h  ny lon  straps; with
nuts  loosened , faste’~ tension anchors as far out as possible;
place 4 — i n ,  blocks under cable;  adj ust tens ion  to 250 lb
keeping splice centered in mold ; close the  mold evenly  and
t igh t ly  wi th  the  bol ts  a l ready in p lace; a t t a c h  the remain ing
two bolts at the f r o n t  of the press.

(k) Transfer neoprene from transfer pot to mold ; when extrusions
reach 2 in., close bleed holes , keep ing Allen—head screws
snug and then t i gh t en ing ;  when ends of mold are comp letely
f i l l ed , as shown by extrusions, remove t r a n s f e r  pot and
insert p lug .

(1) Increase mold temperature to 32SF .

(m) Hold at 32SF for 70 m m ;  turn off heaters.

(n) Allow press to cool to 17SF before  removing sp lice; if splice
has cooled to room temperature , reheat press to lSOF before
removing splice .

(o) When splice is cool , t r im f lashing  at body of sp lice and
uncured neoprene at ends of splice.

7. Ambient—Temperature—Cured Sp lice Cover

(a) Place cable supports at least 33 in. apart and put hose clamps
on outer  insulation 14—3/4 in. from center  of splice.

(b) Untwist splice to provide space between conductors; clean
shrinkable sleeves and adjacent 2 in. of insulation (but not
extruded adhesive) with trichloroethane ; wipi~ shrinkable
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sleeves and adjacent  insulat ion w i t h  PR 143 cleaner  on gauze
pad;  wi pe o f f  excess PR 143 wi th  f r e sh  gauze pad;  twist  sp l ice
back into proper lay.

(c)  W i t h  second set of hose clamps 15—1/2 in. f rom center  of
splice , attach 30—in, nylon webbing strap to each outer j a c k e t ,
f o l d i n g  in a f i gure 6 to provide a double layer under hose
clamp ; with shackles, attach one strap to hoist and other
s t r ap  to 25—lb we igh t ;  raise hoist  to provide tension at sp lice;
if hose clamps o r ig ina l ly  14—3 /4 in.  f rom center  of splice
are not 30 in. apart , make r e f e rence  mark 30 in. f rom lower
hose clamp .

(d) Clean cable jacket ends to within about 1 in. of hose clamps
wi th  t r i c hlo r o eth a n e ;  abrade cable j acke t  end s to w i t h i n
1—3/4 in. of hose clamps (or 30—in , reference mark), using
a high speed (about 25,000 rpm) hand tool and rotary file in
a direction that will tend to make the file trave l away from
the splice , and being cer ta in tha t no smoo th areas r ema in ;
wipe abraded area with PR 143 cleaner on gauze pad; wipe off
excess PR 143 with fresh gauze pad.

(e)  At tach  double layer of double adhesive masking tape around
cable jacke t outs ide  of marks 2 in. inside the hose clamps
(or 30—in, reference mark); apply double adhesive masking
tape to f l anges of one meld half , cutting in small pieces at
the bottom taper of the mold.

( f )  At tach  mold to cable : (1) match bottom corners of mo ld (and
rid ge at bottom) and secure each corner with one stap le from
p lier—type stap ler ; (2)  match top corners of mold (and
pouring holes) and secure with staples; (3) line up flanges ,
compress at masking tape , and staple ins ide por t ion of f lange
at the widest portion of the mold (not at tapered portion);
(4) hold bot tom of mold together  near cable , place r idge a t
upper ed ge of masking tape , tape mold ends toge ther  wi th
electrical tape over the area of the masking tape , f i n ish
stapl ing bottom of mold (at  tapered p o r t i o n ) ;  (5) hold top
o f mold toge ther , tape mold end s onto cable , tape pouring
holes to fit Semkit cartridge , comp lete stap ling of mold ;
(6) cover all openings with small amount of PR—6l5—HF putty
and with electr ic tape.

(g) Fill mold with PR 498—1/4 polyurethane mix ture  (CAUTION !
Observe all sa fe ty  precaut ions : hold bo t tom cap against
car tridge un til read y to remove); (1) from Semkit cartridge
remove clinch—band , pull dasher rod back to release foil
barrier from dasher , arid depress cartridge in area of clinch—

S band to deform fo i l  barrier ; (2) push dasher rod all the way
in to remove fo i l  bar r ie r  and pull  rod back al l  the way out ,
mix with 60 such in—and—out strokes (rotate dasher rod 90 deg
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clockwise during each stroke, provide extra mixing at each
end of the car tridge , and take no more than about 3 mm );
(3) with dasher positioned near middle of cartridge, insert
ramrod into handle of dasher rod , break piston loose
and inject contents into cartridge; (4) mix material
again briskly with at least 30 strokes (in about 1 minute);
(5) remove bottom cap , with dasher rod all the way out
and poin ting up, unscrew dasher rod; (6) insert Semkit
nozzle into pouring hole of mold , ex trude con ten ts by
pushing plunger in with dasher rod; (7) continue mixing
Semki ts and adding pol yure thane mix tur e until mold
is full.

(h) Af ter minimum of 2 hr , remove mold ; allow splice to air—dry
to el imina te “after—tack”; remove flashing and plugs.
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Yorktoss n V A; PW Office ((‘ode 09C I) Yorktown. VA; PWO Yorktown . V A
NAVW PN SU PPCEN Code 09 (Boennighausen (Crane IN
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PV~C (‘ode 40(0 ’ . Kolton) Pensacola. I-I -
N.A~~Et)[RAPROI )E VCEN lcch. Library
NAVI-ACI- NGCOM - I.ANT t)IV . 1-ur . HR Deputy Dir. Naples Italy
NAVSH IP RI I’FA( S( F Suhic Ba~NAVSIJ BASE l-NSS . Dose. (iroton. ( i  : t.1J (.j 1)W .  Peek. (iroton. 0 1
\% PNS’I A I- ARI.E CotIe O92. (‘olts Neck NJ
NCB(’CEL)C. i9 N W . Petersen). Port Hueneme. (’A: ( I- I .  AOl(’ Port F) ucnemc(’A; (‘tide lODas,s,ilk . RI:

Code 400. (iulfport MS; PW Engrg . Gulfport MS: PW() i(ode 80) Pont Hueneme , (A :  PWO . l)av issillc RI
N(’BU 4 11 010’ . Norfolk VA
N CR 20. Commander
N M C B  ~~. Operations I)er : Fori~ . (‘0; THREE . Operations Off .
NROTCLJ t~niv (‘olorad ,,~ It )  K Bunns) . Boulder (‘(I
NSC Code ~4. I )Wy nne). Norfolk VA
NSI) S(’E. Suhic Bay . R.P.
Nl(’ CommandcrOrlando. F!,; SCE Great l akes . H.
NC SO’ Code 13 1 Ness L,ondon.CT: Code EAI23)R. S. Munn). Ness I.ondon (’T
(x’EANsYs I,AN It.’rA.R. Giancola. Norfolk VA
OFFICE SE CREtAR Y OF DEFENSE OA SD (l&L ) Penugon T . O’ asbeng). Washington D(’
Nt)RI)A (‘ode 44O Ocean Rsch. off) Bay St. t.ouis . Ms
(INK Code 700F Arlington VA
PMTC Pat . Counsel. Point MuguCA
PW(’ ENS J .E. Surash, Pearl Harbor HI: ACE Office ) IS TJG St. Germain) Norfolk VA;  (‘0, Great I.akes It.: Code

I l6~l IJG. A. Eckhant)Great Lakes . IL; Code 120 . Oakland CA : Code l2OC (L.ihrarv ) San Diego. CA: Code 12$ .
Guam: Code 2(8). Great L.akes IL; Code 2(X). Oakland CA: Code 220 Oakland. CA: Code 220 .1. Norfolk VA:  (‘ode
30(’ (Koettcher )San Diego, CA: Code 505A(H. Whee ler): Code 680. San Diego CA: OIC CBU-405 . San Diego (‘A;
XO Oakland. CA

I SPCC Code 122K. Mechanicshtirg . PA: PWO (Code 120) Mechanicshurg PA
U.S. MERCHANT MARINE ACADE MY Kings Point. NY (Reprint Custodian)
O SCG (G-ECV/ 6l ) (Burkhant) Washington . DC: G-EOE-4/6 l (T. Do~s-d). Washington DC
USCG AC A I)EMY t .T N. Stramandi . New London CT
USNA Ch. Mech. Engr. Dept Annapolis MD; PWD Engr . Div.(C. Bradford ) Annapolis MD
CORNEl l. UNIVERSITY Ithaca NY (Serials Dept . Engr Lih.)
L)AMES & MOORE LIBRARY LOS ANGELES. CA
IE.1.INOIS STATE GEO. SURVEY Urbana II.
L.EHIGH UNIVERSITY Bethlehem PA (Linderman Lib, No.30. Flecksteiner )

I LIBRARY OF CONGRESS WASHINGTON. DC(SCIENCES & TECH DIV)
MIT(’ amhridge MA: Cambridge MA(Rm lO-500. Tech. Reports . Engr. Lib.)
NY (‘ITY COMMUNITY COL L EGE BROOKLYN. NY (LIBRARY)
P1RI)UE UNIVERSITY Iafa~ette. IN (CE Engr. Lib)
CONNECTICU1 Hartford CT (Dept of Plan. & Energy Policy)
UNIVERSITY OF(’AI.IFORNIA BERKEL.EY.CA(O FF. BUS . ANDF INANCE. SAUNDERS): Berkeley CA )E.

Pearson)
INIV ERSITY 01- DEl AWARE Newark . DE(Dept of Civil Engineering. Chesson)
UNIVERS iTY OFIl.I. INOIS URBANA . IL (I.IBRARY)
UNIVERSITY OF NIASSA (’ HU SFTTS ( Heronemus). Amherst MA CE Dept
UNIVERSITY OF NEBRAS KA-LINCOLN t.incoln. NE (Ross Ice Shelf Proj.)
UNIV ERSII V OFTI XAS Inst. Marine Sci )L.ihrary). Port Arkansas TX
UNIVERSITY OF WISCONSIN Milwaukee WI )Ct rOf Great l akes Studies)

CO. I.IBRARY SAN MATEO. CA
Hl-CHTEI. (‘ORP. SAN FRAN(’ IS(’O . (‘A (PHEL .PS)
COL UMB IA GUI.F rRANsMI5SION (‘0. HOUSTON .TX ( ENG. 1.1K.)
DL RI SAC H. 0’ NEAl .. JEN KINS & ASSOC. Columbia SC
FORL) . BACON & DAVIS. INC. New York (Library )
GI.IDL)EN CO. STRONGSV ILI I- . OH )RSCH 1,1K)

SPACE (‘0 INC. Sunn~valv. CA(Phillips )
M(’IX)NN EI. AIRCRAFTCO. Dept 501 ~R.H. Fayman). SI Louis MC)

INC. SAN DIEGO. CA(SNODG RASS)
RAYMOND INTERNATIONAL IN(’ . CHER RY HIl l.. NJ (SOII.TECH 1)EPT )

55

~~~~~~~~~~~~~~~~~~ - ‘ . 
~~~— - -5- 

j



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~------ 5- - ,  _

SH EI.I .  I)EV EI.OPMENTCO . HOUSTON ..
~~ISS.JA’NNEY . EI.STNER.& ASSOC Northhrt~ik, IL-t i. Hanson)
W(x)t )WA RI)-(’t Yl)E (‘ONSUI.TANTS PI.YMOUTH MEETING PA ((‘ROSS. Ill)
BRAHTZ
BRYAN I ROSE Johnson I)iv. L OP. Glendora CA
(jRI (i PA(,I’: I- UGI NE . OR
R I ’  BESIER Old Say brook (’T
I Vt - MI-IRMEI. Washington IX’
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