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[NTRODUCTTON

Under the sponsorship of the Naval Facilities Engineering Command
(NAVFAC), the Civil Engineering Laboratory (CEL) has been developing
tools and techniques to assist underwater construction divers. The
program objective is to improve the safety and reliability of tools
currently in use by the Navy's Underwater Construction Teams (UCT) and
to develop new tools that will increase the scope of work performed.

One of the tasks frequently assigned to the UCT’s is the installa-
tion, maintenance, and repair of oceanographic cables at diver depths.
Presently, cast iron split pipe (Figure 1) is assembled around the cable
to provide abrasion protection and stabilization against wave forces.
Each split pipe section is approximately 3 feet long and is as 'mbled
using eight 5/8-inch bolts with nuts and lock washers. Both mild steel
and stainless steel fasteners are used on the pipe.

During repair operations the divers have repeatedly experienced
problems in removing the nuts and bolts from the split pipe sections.
Abrasion of bolts on seafioor rock in combination with corrosion and
marine fouling often make it impossible to remove the nuts with conven-
tional wrenches. 1In these cases, a hydraulically powered abrasive wheel
is used to grind through the nut. This procedure is extremely time
consuming, requires two divers, and can be very dangerous because of the
exposed high speed cutting wheel.

BACKGROUND

An investigation was conducted to determine what equipment and
techniques were commercially available to remove the fasteners. It was
found that the simplest, fastest, and most practical method was to remove
the fasteners by cutting the nuts in half. Three commercially available
tools (Figure 2) were purchased and tested by splitting 15/16-inch
stainless steel nuts. A description of the tools is contained in
Table 1. The evaluation criteria included:

(a) Be safe and simple to operate
(b) Require little or no maintenance

(¢c) Split the 5/8-inch (15/16-inch across the flats) stainless
steel nuts in a single operation




(d) Fit within the confines of the split pipe
(e) Employ easily removable cutters

(f) Be compatible with existing tool systems

Of the three tools tested none met all the criteria: Type I did
not open wide enough to accommodate the split pipe nuts; Type 11 would
split the nuts, but two cuts were required to remove ‘the nut; Type I11
provided an adequate opening and enough force to split the nuts, but
would not fit within the confines of the split pipe sections. Based on
an analysis of the tests and the operational criteria, it was determined
that a modified version of the Type I splitter would function as required.

TOOL MODIFICATIONS

The tool would probably be used more frequently in its diver
application than its original design function of occasional homeshop
use. Therefore, in addition to modifying the tool to allow wider open-
ing, it was made stronger for repeated use. A summary of tool modifica-
tions is shown in Table 2. The modified tool is shown in Figure 3.

Arm and Handle

The most extensive modification was the fabrication of a new arm
(Figure 4). Changing the shape of the arm provided clearance for the
nuts. The drive screw contact area was hard-faced to minimize deforma-
tion from expected compressive loads of about 120,000 psi. The small
arm was modified to accept a 3/4-inch grade 8 pivot bolt. This was
accomplished after tests with the standard 5/8-inch-diameter pivot bolt
showed deformation of the unit when subjected to shear loads on the
order of 100,000 pounds.

Drive Screw

Based on laboratory tests it was determined that the drive screw
would be subjected to compressive loads from 15,000 pounds to a maximum
of 30,000 pounds when splitting the 15/16-inch nuts. In addition, the
tool drive screw would be operated at times with an impact wrench, which
would result in very high friction forces on the thread contact surfaces.
These high loads in combination with poor sliding surface lubrication
conditions required testing a number of candidate drive screws before an
acceptable design was found. The testing involved splitting nuts while
monitoring the drive screw torque. The nuts were split both by hand
using a ratchet wrench and with a hydraulic impact wrench. After the
nut was split the drive screw was checked for thread deformation. The
drive screw was assumed to have failed when it could no longer be turned

ro




easily by hand. Hand operation is required so that a diver can easily
attach the tool to the nut to be split.

An unplated SAE grade 8 bolt with class 2 thread was selected as
the drive screw. A ball bearing was installed in the contact end to
reduce wear and sliding friction forces at the contact surface. With
this bolt, up to 40 nuts were split with no significant signs of thread
deformation.

Cutters

~" The original cutters were not wide enough to fit fully on the flats
of 15/16-inch nuts. Also, when attempts were made to split the stainless
steel nuts, the cutters deformed at the cutting edge, resulting in
excessive torque at the drive screw.

A number of experimental cutters were fabricated and tested. Test
criteria included drive screw torque and number of nuts split. This
information is summarized in Table 3.

Ihe AISI L-6 tool steel did not perform adequately, primarily
due to the presence of a decarburized skin resulting from heat treating.
he soft skin rolled, dulled the edge, and resulted in verv high drive
torque. Attempts to remove the skin by grinding did not improve cutter
performance. However, the use of AISI S-1 tool steel eliminated the
decarburized skin problem.

Heat treatment was shown to have an important effect on cutter
life. For a hardness less than R 56, edge deformation resulted in
excessive drive torques. For a hﬁrdnvss greater tham R 59, cutter
brittleness resulted in sheared shanks and chipped cutter edges. A
secondary bevel, Figure 5, provided increased cutter life. Thus,
cutters fabricated from S-1 tool steel heat-treated to R 57 and with a
secondary bevel of 75 degrees were found to have prulml',;t'd life and
acceptable torque. A copper washer placed between the cutter and the
tool properly seated the cutter. Without the washer, uneven seating
often resulted in side loads and subsequent shearing of the cutter
shank. An O-ring provided a simple means of firmly holding the cutters
in the tool.

TOOL OPERATION

The nut splitter was tested both on land and underwater to determine
both operational procedures and overall performance. The testing showed
the performance of the cutters and drive screws to be as preyiously
discussed. Nuts can be split manually in 3 minutes or with a powered
wrench in 30 to 45 seconds. Recommended operational procedures
were established and incorporated into an operations and maintenance
manual that is provided with each kit. A complete summary of the
operation instructions is given below:




1. Orient the cutter blades so that the edges are parallel to each
other.

2. Place the splitter on the nut so that the ends of the handle
or arm do not contact the split pipe.

3. Position the cutter blades as close as possible to the centers

of opposing flats of the nut so that they contact the full height of the
nut and do not engage the washer or lock washer.

4. Secure the nut splitter in place by hand-tightening the drive

SCrew.

5. Torque the drive screw with the socket wrench or an impact

wrench. Note: when the nut splitter is operated in air, the

split nut will fly off with considerable velocity. To reduce the
hazards, head and eye protection must be worn. In addition, the

nut should be covered loosely with a cloth rag to contain the split
nut. When underwater, the energy of the split half is rapidly expended
so that danger does not exist.

6. One side of the nut may split first. If this happens, examine
the position of the cutters on the nut. If properly aligned,
continue to split the remaining nut half; if incorrectly positioned,
remove and reposition the nut splitter or remove the loosened nut by
turning.

Occasionally it was observed that when both halves of the nut
were split, the half restrained by the splitter remained attached
to the bolt. Turning the bolt sometimes removed this halt. On
other occasions, the half was removed by an additional cut with
the splitter.

TOOL KIT

Due to the unusually high stresses encountered in splitting the
15/16-inch stainless steel nuts, some of the nut splitter parts are
designed to wear and be replaced on a regular schedule. For the UCT’s,
a kit (Figure 6) was made up that contains sufficient replacement parts
to split 1,000 nuts. A listing of the kit contents and replacement
schedule is contained in Table 4.
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RESULTS AND CONCLUSIONS

The nut splitter was developed to meet the specific requirement of
removing damaged 15/16-inch stainless steel nuts from split pipe. With
the kit, adequate spare parts are available to remove more than 1,000
nuts. The task can be accomplished either manually using a socket and a
ratchet wrench or hydraulically using an impact wrench.

Hand operation requires the diver to exert forces up to 25 pounds
at the end of a 15-inch breaker bar. On a limited basis this force
normally poses no problems. However, in conditions where it is expected
that many nuts will be split, it is recommended that an impact wrench be
used. If it becomes necessary to remove a substantial number of nuts
manually, cutters with a sharper secondary angle would result in reduced
drive torque. However, a decreased cutter life would be expected.

The present cutters were selected on the basis of limited tests and
a trade off between drive torque and life. Optimization of the cutter
angle, drive torque, and material hardness could result in a tool that
requires less operational torque and has increased cutter life.

POST OPERATION

The first field use of the nut splitter was successtul, but
it did demonstrate some potential problems in using the tool. The
operation occurred immediately after the development work discussed in
this report, and the divers were not fully instructed in using the nut
splitter. Also, the working environment was hostile, with poor visibil-
ity, heavy surge, and cold water that required the divers to wearn
awkward three-fingered mittens. These ractors combined to xe it
difficult to align the cutter blades parallel to each other and to
properly position the blades on the nuts. These problems were, of
course, considered during the development process and the product was
thought to be the best compromise solution. This design allows the most
versatile use of the nut splitter in a variety of applications bevond
just that of split pipe nut removal.

However, if these problems remain after divers are properly trained
in the use of the nut splitter, these design modifications are
recommended:

1. Fabricate the cutter blades from octagonal stock as shown in Figure
7 and modify the nut splitter handles accordingly. (This shape will
allow indexing and positive orientation of the cutters.)

2. Fabricate an attachable alignment jig for specific applications.
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Figure 3. Modified nut splitter. Capacity increased to 1 inch
new, wider, harder cutter blades; larger diameter
pivot bolt; stronger drive screw.

IN. 1 2 3 4 5 6
@ CIVIL ENGINEERING LABORATORY

Figure 4. Modified small arm. Shape changed to increase tool

capacity.




Figure 5. Cutter with secondary beve
angle. lhe bevel reduces wear at

the cutting edge.

Figure 6. Nut splitter tool kit. Contains sufficient spare parts
to split 1,000 nuts.
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Table

l. Comparison

ot

Commercially Available Nut

Splitters

Type

Description

Nut
Capacity

Size

e )

Weight
(Ib)

Pliers type,
two cutters,
manual drive
screw, hand-
operated

Single cutter,
requires two
cuts, manual
drive screw,
hand-operated

Pinch type,
hydraulic ram
operated,
requires
hydraulic pump

3/4—inch across
flats

15/16-inch

across flats

1-7/8-inch

across flats

12x6x1

16x14x%

10




lable 2. Modifications to Pliers-Type Nut Splitter

Tool Part Modification Description
Small arm Shape changed to AIST 4340 heat-
increase nominal treated to R, 28-
{
nut capacity and 32. Tooltectic
to improve the 6HSS hard-facing

drive screw/small
arm contact angle;
drive screw contact
area hard-faced

Handle Pivot bolt hole Modified commercial
increased to 3/4- part
inch diameter

Drive screw Commercial drive SAE grade 8 bolt and
screw replaced commercial ball
with a high~ bearing

strength bolt;

a 7/16-inch ball
bearing installed
in the end of the
bolt

Pivot bolt Commercial part SAE grade 8 bolt
changed to a high-
strength bolt;
increased size from
5/8-inch to 3/4-inch
diameter

Pivot bolt Nut added to lock l'hin height elastic

jam nut the pivot bolt in stop nut
place

Cutter blade Commercial part AISI S-1 tool steel
replaced with a heat-treated to R.57-60

wider blade having
a secondary cutter
bevel

cont inued




Table 2. Continued

Tool Part

Modification

Description

Cutter blade
washer

Rubber stop

A 0.020-inch-thick
copper washer added
under the blade to
evenly distribute
contact stresses

A rubber pad added

to the small arm to
help correctly position
the cutter blades on
the nut

Soft

copper
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Table 4.

Contents of Nut

Splitter Kit

ltem

Number
in Kit

Description

Replacement Schedulc
or Function

Assembled

nut splitter

Small arm

Cutter

Assembly

Drive Screw

Pivot Bolt
and Nut

Rubber Stop

1 ea

60 pr

60 ea

» assembly

10 ea

Handle, arm,
drive screw,
pair cutter
assembly,
pivot bolt
and nut

4340 tool
steel, heat-
treated to
R 28-32

C

S=1. tool
steel, heat
treated to
R 57, with
oy
O-ring and
copper

washers

5/8 x 18

SAE grade

8 bolt with
ball bearing
installed

in end

R
SAE grade
8 bolt

1/4 x 1-
inch rubber
strip, 1/6-
inch thick

Replace when severely
deformed or broken

Replace when edge
becomes excessively
worn or chipped, or
when drive torque
exceeds 60 ft-1b
(estimate 30+ nuts)

Replace when it

threads are badly
detormed or when
it cannot be
turned freely
hand (estimate

30+ nuts)

Replace when
excessively deformed,
causing exce 3 1 Ve

misalignment between

opposing cutter

ttl"l S

For ease of alignment
ind centering cutter
on nut to be split
PR R S S ——

cont inued




Table

/,

4. Continued

[tem

Number

Description

Replacement Schedule

in Kit or Function
"T" wrench 1l ea T-shaped To aid in removing
brass rod damaged cutters
Cutter 4 ea Plastic Used to hold two
holder strip with pair of cutters
cutouts for for underwater
cutter shank handling with
gloves
Impact l ea 15/16-in. To turn drive screw
socket impact with impact wrench
socket
Impact 1l ea 5/8-in. To use with standard
Adapter hex drive hydraulic impact wrench
to 1/2-in.
square drive
Standard 1 ea 5/8-in. o turn drive screw
socket flank drive with hand ratchet
socket wrench
Ratchet . ea 18~in.-long o torque drive screw
wrench reversible
ratchet
socket
wrench
Extension 1 ea 8-in.-long Fits on nut splitter
nand le handle handle to provide
increased lt'\'k'l'.isﬁl‘
L}
Lubricant 5 tubes Antisieze o lubricate drive

lubricant

screw and mating
faces of handle

and arm

16
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NASPWDM B Frewatty, Dallas 1X. PW D Mantenance Control Dir . Bermuda

NAVSTAPWO, Guantanamo Bay Cuba

NATL OCEANAND ATMDS ADMIN Libraries Div o D23 Silver Spring MD

NATL RESFARCH COUNCTE Naval Studies Board, Washimgton I

NAVACT PWO L ondon UK

NAVAVIONICEAC PW D Deputy Dir D701 Indianapohs, IN

NAVBASE Code A Castronovo). Philadelphia PA

NAVOCOMMSTA PWO. PWO . Nortolk VA

NAVCONSTRACEN CO(CDR C 1 Neugent), Port Hueneme . CA

NAVELEXSYSCOM Code PME 12461 Washington IX

NAVENVIRHE THCEN O1C, Cincmnat OH




NAVEODEAC Code 605 Indian Head MD

NAVEACENGCOM CDR T K Donovan. Alexandina VAL Code 04530 Pottern)

NAVEACENGCOM - CHES DIV Code FPO-LC Bodevy, Code FPOISPLICL F Sullifan)

NAVEACENGCOM NORTH DIV AROICC . Brookhvn NY . Code 09P (1 C DR A1 Stewarty, Design iy (R
Masinos, Philadelphia PA

NAVIACENGCOM CONTRACISROICC (L CDR TG Leech), Subic Bayv. R P TRIDENT(CDR TR Facobsen)
Bremerton W A X310

NAVIORCARIB Commuander (N42) Puerto Rico

NAVMARCORESTRANCEN ORU THRCdr DR T awson). Denver €O

NAVMIRO O1C . Phaladelphia PA

NAVNUPWRU MUSE DE T OIC, Port Hueneme CA

NAVOCEANSYSCEN CODE 4099 (b - Hamulton), San Dicgo CAL Code 409 (DG Moore), San Diego C AL Code 6334
(R Jones): Code 65 (H. Talkington): Code 6565 Clech. Liboy San Dicgo CAL Code 75STTHIPW O,

NAVPETOFRE Code 30, Alexandria VA

NAVPGSCOL D Lepper. Monterey CA

NAVSCOLCHCORE CO.Code CHA

NAVSEASYSCOM Code SEA O

NAVSEC Code 6033 (L ibrary). Washington 1

NAVSHIPY D CO Marnine Barracks. Nortolk, Portsmouth VAL Code 2024, 1 ong Beach CAL Code 2025 (1 ibrary)
Puget Sound. Bremerton WAL Code 453 (H. Clements). Vallejo CAL Code 453 (U'ul Supr). Valleo CAL Code
Portsmouth NH. PW D (€ ode 400). Philadelphia PACPWD (LT N.B Hall), Long Beach CA

NAVSTASCE. Guam: Unhiues Eogr Ot oL TIG ALS. Ritchie). Rota Spaim

NAVSUBASE SCE . Pearl Harbor HI

NAVSUPPACT AROICC (L T R G Hocker), Naples Ttaly . CO. Brooklyn NY

NAVIRAFOQUIPCEN Techmceal Hhibrary . Orlando F1

NAVWENCEN ROICC (Code 7020 China 1 ake CA

NAVWENSTA Code 092A (C . Fredencks) Seal Beach CAT ENS G A L owrny, Fallbrook CA

NAVWENSUPPCEN PWO

NAVEACENGCOM -WEST DIV, Code 04B

NAVOCEANSYSCEN Code 6700, SCE (Code 6600), San Dicgo o A

NAVSHIPRANDCEN (1. CDR Dicterle), Carderock Lab.. Bethesda. MD

NAVSHIPY D Code 420 Maint. Control. 1 ong Beach, CA

NAVXDIVINGU LT A M Panst, Panama City I

NCBOCEL (CAPT N W Petersen). Port Hueneme, CALCEL AOIC Code 100 Code 400, Gultport MSCPW Fngre.
Coltport MS PW O (Code 803, PWO. Davisville R]

NCBU AT OIC. Nortolk VA

NCR 20 Commander

NMOB I3ZENS TW Nielsen): S, Oseratuons Dept . 74, CO: Forty . CO One. | T E P Digeorge: THREE . Operations
Oft

NRE Code 8441 (R A Skopi. Washington IX

NROTCU Univ Colorado (1 T D R Burns). Boulder CO

NSC Code 7008 Wynne, Norfolk VA

NITCCode SAaENS P G Jackeh Orlando FL . Commander. O1CC . CBU 301, Great [akes [T0SCE

NUSC Code FAI23R'S Munny, New London CHo Code TAT3 (G De Lo Cruzi, New London O]

OCEANANY Mungmt Into Div | Arhington VA

OCEANSYSEANT LT AR Grncola, Nortolk VA

OFFICE OF NAVAL RESEARCHCDR Harlett, Boston MA

OFFICE SECRETARY OF DEFENSE OASD &L ) Pentagon ¢ 1 Casberg). Washington ¢

ONR Code 484 Arhington VA Do A Laater. Pasadena CA

PACMISRANFAC C O Kekaha HI

PMIC Pat Counsel. Pomnt Mugu CA

PWCENS T E Surash, Pearl Harbor HE ACE Oftice (L FIG S Germaim), Code THo b NS A Eckharn Code 120
Ouakland CALCode 1200 (A Adams), Code 200, Great Lakes T Code 200, Oakland CALCode 2200 Code S0SA (K
Wheelery, ENS T AL Squatrito, San Francisco Bay, Oakland CAC Library . Subic Bay, RPCOTC CRU 405 San
ego C AL XO

SPCC PWO (Code 120 & 1228) Mechamesburg PA

UCT TWO OLC, Port Hueneme €A

USCGACADEMY LT N Stamandi, New London €1




USNACh Mech Fogr Dept: PWD Engr Dy O Bradford: PWO Sys Eongr DeptcDr. Monnes . Annapolis M
USCGGEON 6 Burkharty Washimgton, DC. HOOGECN 3 Washigton DC MM T4, Washington IX
USCGRADCENTEK CO D Motherway, Groton C 12 Tech D
USNA Sy Engr Dept (R McCoy)
WENSTAFARILE Code 092, Colts Neck NJ
CALIFORNIA STATE UNIVERSITY LONG BEACH, CA(CHELAPATI): LONGBEACH. CA(YEN)
CHY OF CERRITOS Cerrtos CA () Adams)
COLORADOSTATE UNIV . FOOTHILL CAMPUS Fogr Scr Branch, Lib o Fort Collins €O
CORNELL UNIVERSEEY Tthaca NY (Senals Dept. bEngr b
DAMES & MOORE TIBRARY L OSANGHIES. CA
FLORIDAATT ANTIC UNIVERSITY BOCARATON. FL (MCALLISTER)Y Boca Raton BL cOcean Fngr Dept  (
1in)
FLORIDA ATEANTIC UNIVERSITY Boca Raton FL oW Tessing
HIINOISSTATE GEOSURVEY Urbana Il
INSTHTUTE OF MARINE SCIENCES Morchead City NC (Directorn)
TOWASTATE UNIVERSITY AmesTA (CF Dept. Handy)
VIRGINIAINST OF MARINE SCL Gloucester Pomt VA (Library)
FEHIGH UNIVERSITY BETHIFHEM. PA(MARINE GEOTECHNICAL TAB.. RICHARDS). Bethlehem PA
thanderman b No 30, Fleckstemer)
FIBRARY OF CONGRESS WASHINGTON, DCSCIENCES & TECH DIV)
MAINE MARITIME ACADEMY CASTINE . ME (LIBRARY)
MASSACHUSETISINST OF TECHNOLOGY Cambridge MA (Rm 10-500, Tech. Reports, Fngr. b Cambnidge
MARm 14210, Tech Report b))
MICHIGAN TECHNOTL OGIC AL UNIVERSHTY HOUGH TON. MIECHAAS)
NATL ACADEMY OF ENG. ALEXANDRIA, VA(SEARLE.JR.)
NY CHEY COMMUNITY COLLEGE BROOKEYN.NY (LIBRARY)
ORFGONSTATE UNIVERSITY CORVALLIS. ORCE DEPT.BELL ) Corvalis OR (School of Oceanography)y: 11
R B Steimer, NROTC Unit, Corvalhis OR
PURDUE UNIVERSITY LAFAYETTE, IN(ALTSCHAEFFL): LAFAYETTE. IN(CE LIB): Lafayette IN
(1 conards)
SCRIPPSINSTITUTE OF OCEANOGRAPHY T ATOLT AL CACADAMS)
STANFORDUENIVERSIHEY STANFORD. CADOUGEAS)
TEXAS ASM UNIVERSIEY COLLEGE STATION, IX(CEDEPT): College X («CE Dept. Herbich)
UNIVERSIEY OF CATTFORNIABERKELEY. CACE DEPT.GERWICK) BERKELEY. CACE DEPI
MITCHELL): BERKELEY. CA(OFF. BUS. AND FINANCE, SAUNDERS): DAVIS. CA (CE DEPT
TAYLOR): SAN DIEGO, CA, LAJOLLA, CA(SEROCKI)
NIVERSIEY OF DEL AW ARE Newark. DE (Deptof Crval Fogineenng. Chesson)
NIVERSITY OF HAWAITHONOLULU HECE DEPT. GRACE): HONOL UL UL HESCIENCE AND TECH
DIV )
NIVERSIEY OF HELINOIS URBANACL (DAVISSON) URBANATL (L IBRARY)
NIVERSITY OF MASSACHUSE IS (Heronemusy, Amherst MA CE Dept
NIVERSHEY OF MICHIGAN Ann Arbor MI(Richarn)
NIVERSHEY OF NEBRASKA TINCOINTINCOLN NE(SPEETTISTOESSER)
NIVERSIEY OF NEW HAMPSHIRE DURHAM.NH (L AVOIL)
NIVERSHEY OF PENNSY L VANIA PHITADELPHIA. PAGSCHOOL OF ENGR & APPLIEDSCIENCE.ROLL)
NIVERSHEY OF 1EXAS Tast Maria Scr ol eheaey b Port Aransas TX
NIVERSIEEY OF TENXAS AT AUSTINAUSTIN. IX(THOMPSON)
NIVERSITY OF WASHINGTONSEATTLE . WAAPPEIEDPHYSICS EAB SEATTEE . WAOCEANENG
RSCH T AB. GRAY )
UNIVERSIEY OF WISCONSIN Milwaokee WEHCT of Great Lakes Studies)
RSRESEARCH CO TIBRARY SANMATIFO.CA
BONNEVIELE POWER ADMIN 1 os Angeles CA (Hancock Liboot Bioo & Ocean)
UNIVERSITY OF CALTFORNIA Berkeley CA B Breslery: Berkeley CA b Pearson)
UNIVERSHEY OF RHODE ISEAND Narragansett REPell Marie Scr Lib oy
USDEPTOE COMMERCE NOAA Pacilic Munme Center, Seattle WA
LSGEOLOGICATL SURVEY Off Manne Geology . Malstop 915, Reston VA
AL ROSPACE CORP. Acgmsition Group. T os Angeles CA
ARCAIR CO D Young. I ancaster OH
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ARVIDGRANT O YMPIA WA

ATEANTIC RICHETEL DX CO DALLAS. IX(SMITH)

AUSTRALIA Dept PW (AL Hicks), Melbourne

BECHTEL CORP. SAN FRANCISCO, CA (PHELPS)

BELGIUM NAECON. N.V.. GEN

BETHLEHEM STEEL CO. BETHLEHEM. PA (STEELE)

BROWN X ROOT Houston TX (D Ward)

CANADA Can-Dive Services (Enghshi North Vancouver: T ockheed Petrol Sey o Lad . New Westminster BC. Mem
Uiy Newtoundland (Charny, St Johns, Surveyor, Nennimger & Chenevert Ing

CHENVRON I FIFLD RESEARCHCO | AHABRA CABROOKS)

CONCRETE THFCHNOLOGY CORP.TACOMA. WA (ANDERSON)

DILINGHAM PRECAST o McHale. Honolulu HI

DRAN O CORP Pittsburgh PA (Grannino)

DURLEACH O'NEAL JENKINS & ASSOC. Columbia S¢

NORWAY DETNORSKE VERITAS(Library ). Oslo

FRANCE Dr Dutertre. Boulogne: P Jensen. Boulogne, Roger IaCrom, Paris

GEOTECHNICAT ENGINEERSINC Winchester. MA (Paulding)

GEOBAL MARINE DEVETOPMENT NEWPORT BEACH. CA(HOLTETT)

HALEY & AL DRICH INC  Cambidege MA (Alanich. Jro)

TEALY M Camroni. Milan: Sergro Tattont Milano

JAMES CO. R Gardlev. Orlando FI

KORE A Korea Rsch Inst. Ship & Ocean (B Chory. Seoul

FTOCKHEEDMISSITES & SPACE COINC SUNNYVALLE.CA(PHILTIPS)

FLOCKHEEDOCEAN T ABORATORY San Diego CA(F- Simpson)

MARATHON O CO Houston X (€. Seay)

MCCTELTANDENGINEERS INC Houston TX (B McClelland)

MCODONNEL AIRCRABT CO. Dept SOFR H. Fayman), St Lous MO

MORBILE PIPE LINE CO DALLAS IXMGROF FNGRINOACK)

MUBSER RUTEEDGE. WENTWORITH ANDJOHNSTON NEW YORK (RICHARDS)

NEWPORTNEWS SHIPBEDG & DRYDOCK €O Newport News VA (lech b))

NORWAY A Torum. Trondheim: DETNORSKE VERITAS (Roten) Oslo: I Creed. Ski: Norwegian Tech Unin
(Brandtzaeg), Trondheim

OCEANDATASYSTEMSUINC SAN DIFGO.CASNODGRASS)

OCEANENGINEFERSSAUSALTITO. CARYNECORD

OCEANRESOURCE ENGUOINC HOUSTON. IXCANDERSON)

OFFSHORE DEVETOPMENT ENG INC BERKELEY CALBerkeley CA

PACHTC MARINE TFCHNOLOGY LONG BEACH CAMWAGNER)

PORTEAND CEMENT ASSOC SKOKIE T (CORPLY ) SKOKIE T (RKEIEGER ) Skokie T (Rsch & Dey | oab
Lih)

PUERTO RICO Puerto Rico tRsch Libo Mavaques PR

RINVERSIDE CEMENT CO Riverside CAGW  Smith)

SCHEPACK ASSOC SO NORWALK. CHISCHUPACK)

SEATECHCORP MIAMI Fi (PEROND

SHETT DENETOPMENT CO HOUSTON _IX(TELES) Houston TX (F Dovley

CMC Geolech Inst

SHELT O €O HGUSTON, TX (MARSHAL L . Houston TX (R de Castongrene)

SWEDEN VBBl tbra v Stockholm

HIDEWATERCONSTR. CO Norfolk VA (Fowlern)

UNTHE D KINGDOM Cement & Concrete Assoc (Library), Wexham Springs. Slough. Cement & Concrete Assod
(bt Exs Bucks: Cement & Conerete Assoc (R Rowe), Wevham Springs. Slough B, D New., G Maunsell &
Partners. London: Shaw & Hatton (b Hansen). L ondon: Tavior, Woodrow Constr (014P), Southall, Middlesex
Lavior, Woodrow Constr (Stubbs), Southall, Middlesex: Univ. of Bristol (R, Morgan), Bristol

WESTINGHOUSE FEECTRIC CORP. Annapolis MD (Oceamce Div Lib. Brvan)

WISS JANNEY . FESTNER. & ASSOC Northbrook, 11 F Hanson)

WMOLAPPLABS BALTLELLE DUNBURY. MA L IBRARY ). Dunbury . MA (Richards)

WOODWARD CLYDE CONSULTANIS Do) Gattey . Orange CAL PEYMOUTH MEETING PACROSS 1D

BRYANIT ROSE Johnson Div. UOP. Glendora CA

BULTOCK T o Canada

I W MERMEL Washington (¢
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