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The problem of effecting tenporary repairs to damaged shi ps was encountered frequently
during World War 11 and was handl ed wth varying degrees of success. It was never
feasible to nake conplete repairs to seriously damaged vessels in the forward area.
Accordingly, repair work ordinarily was limted to that which would enable the ship to
proceed to a larger repair activity and eventually to a shipyard. Repairs to nmachi nery
and el ectrical equipnent were in nost instances limted to rerouting piping,
installation of spare parts, preservation and baki ng out of intact equipnent that had
been in fl ooded spaces, or repairs normally considered within the capacity of the
ship's force. These types of repairs are treated thoroughly in manufacturers

i nstruction books, the Bureau of Ships Manual, training instruction books and ot her
readily avail abl e sources. Conparatively little data is avail able, however, concerning
the nore inportant repairs to seriously damaged structure which are required to enable
a ship to withstand the hazards of a voyage in the open ocean.

Exanpl es of repairs nmade during Wrld War Il are presented to famliarize repair
activities with types of problens with which they may be confronted and to facilitate
their solutions of them The selection of exanples has been influenced by the desire
to include representative types of damage, the availability of information concerning
the repairs made and the effectiveness of the repairs. In nost instances, the action
of the repair activity was soundly concei ved and executed. The cases of O BRI EN and
ERIE are included in contrast to enphasi ze the serious consequences of i nadequate
repairs or poorly conceived procedures. For the sake of brevity, details of procedures
for unwatering fl ooded spaces, naking attachnents between original and repl acenent
structures, renoving damaged structure and the results of stability and strength
calculations are presented only for selected exanples. However, these phases are of
paranount inportance in all cases of danmage repairs.

| deal |y, repairs should restore the ship to her condition before damage. Usual ly,
sufficient plans are available aboard a ship to indicate the scantlings of essenti al
structure. In the event no plans are available, it is possible to obtain neasurenents
from adjacent structure. However, limtations of tine, manpower, naterials and
facilitiex s usually will necessitate sonme conpromse with the ideal. Nevertheless, it
Is inperative that the repairs, even though tenporary, enbody sound engi neering

princi ples and practices, be adequate to permt safe passage of the ship and be
acconpl i shed safely and wi thout hazard to the ship or personnel.

Design Data for plating and stiffeners is contained in the Bureau of Ships panphlets
| i sted bel ow which are included in the technical files of every repair activity. The
standards prescribed in themrepresent sound practice and should be foll owed insofar
as possi bl e when repairing damaged structure.

(a) Design Data for T Section Beans and Stiffeners. C&R No. 002213- A
(b) Design Data for Tee Type Beam and Stiffener Brackets. BuShi ps No. 015025.

(c) Formul ae for Determ nation of Scantlings for Flat Plating and Stiffeners
subject to Water Pressure. C&R No. 002213.

(d) Design Data for Tee Stiffeners. Proportions for Lateral Stability and
Requi renments for Lateral Support to Prevent Tripping. BuShips No. 017969,

The principal features illustrated by the included cases are:

1. Stability During Repairs.

This problemis discussed in considerable detail in Chapter 88 of the Bureau of Ships
Manual . Before repairs are begun on any ship that has appreciable flooding, a careful
estimate of stability should be made. A continuing analysis should be nade of the
effect on stability of noving, renoving, or adding stores, equipnent, floodwater,
anmuni tion, structure, etc. ERIE provides a nost serious exanple of the result of
failure to nake these cal cul ations. The care taken to maintain continuous know edge of
the stability condition of RENO t hroughout her repairs provides a wel cone contrast.

2. Restoration of Longitudi nal Strength.

Ordinarily, there wll not be sufficient data on hand in the forward area to permt a
conpl ete strength cal cul ati on. However, it is conparatively easy to calculate the
nmoment of inertia of a section incorporating planned repairs and conpare it wth that
of the intact section. Such a calculation will establish the adequacy of planned
repairs. Failure to provide sufficient replacenent structure to restore the | oss of
strength resulting from damge and to provi de adequate continuity of the replacenent
structure was responsible for |oss of O BRI EN which was not severely
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damaged by the initial explosion. The w de dissem nation given this case aided in
preventing simlar occurrences during Wirld War 11. The cases of RENO CANBFRRA,
HOUSTON, WADLEI GH and NEWCOWB il lustrate nore effective repairs to | ongitudi nal
strengt h.

3. Repl acenent of Local Strength.

Repairs to restore local strength and support for large weights are provided in
the cases of RENO and SELFRI DGE. The goal of this type of repair is to insure
continuity of support for massive itens down to the shell.

4. Watertight Integrity.

Repairs to restore lost watertight integrity are discussed in detail in Chapter
88 of the Bureau of Ships Manual. They figure in every case of primary danage to the
underwat er body and in many cases where the primary danage occurred above the
waterline. This feature is illustrated particularly in the Cases of NEWCOVB, CANBERRA,
RENO and HOUSTON.

5. Tenporary Bow Structure.

The case of SELFRIDGE is used to illustrate this type of repair which was
requi red on many shi ps of destroyer and cruiser types.

6. Tenporary Stern Structure.

The case of FOOTE illustrates this type of repair to danage that was experienced
i n several instances by destroyers.

7. Tenporary Steering Facilities.

The adverse effect of |oss of deadwood aft was frequently observed in attenpts to
t ow damaged ships. The fixed fins installed on FOOTE were very effective in reducing
yaw during tow ng operations. In other cases of such damage to destroyers, tenporary
novabl e rudders that could be positioned by chain falls or by training of a gun nount
proved equal ly effective. INTREPID was abl e to maneuver satisfactorily by use of her
engi nes despite a damaged rudder that was positioned off-center. Wen the rudder was
renoved, however, the ship becane unnmaneuverable. A tenporary rudder, positioned by
cables that were run to the stern winch, restored her ability to maintain course
wi thin reasonable limts.
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8. Use of External Cofferdam

Underwater repairs to KEARNY were made in |Icel and when no drydock facilities were
avai | abl e. A cofferdam that was positioned by hogging lines and secured to the ship's
side by water pressure was used in this instance. Plans were nade for repairing
WADLEI GH by the sane nethod. After the cofferdamwas built, however, drydock
facilities becane avail able, so the cofferdam was not used.

9. Steel Repairs to Wod Vessel.

The conpletely satisfactory repairs to VIBURNUM exenplify the practicability of this
type of repair
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RESTR-CFED
Shi p: USS ERI E (PG 50)
Cause of Damage: Submari ne Tor pedo
Dat e: 12 Novenber 1942
Pl ace: Wl enstad, Curacao, N WI.
d ass: PG 50
St andard D spl acenent: 2000 tons
Length Overall: 328' 6"
Extrene Beam 41' 3"
Draft Before Damage: 14" 2"
Launched: 29 January 1936
1. At 1733, 12 Cctober 1942, a torpedo detonated about 5 feet below the waterline

at frame 126, starboard (Plate 1, 2). The hull below the waterline was ruptured for a
| ength of 45 feet. Transversely, the break extended from5 feet to starboard of the
keel up to the main deck and across the main deck al nost to the port side (Photo1l).
Fuel oil, diesel oil and gasoline tanks in way of the explosion were denolished, and
the platformand second decks were ruptured. On the 2nd deck, bul kheads 119 and 131
were torn and the watertight door in bulkhead 107 was distorted and coul d not be
closed. G| and gasoline spread throughout the flooded 2nd deck conpartnents between
bul kheads 99 and 141. This flooding represented about a 25% | oss of waterplane area. A
few seconds | ater a second expl osion of considerable intensity occurred in the sane
area, probably the result of ignition of gasoline vapor. Fire, fed by gasoline and
fuel oil, spread rapidly throughout the 2nd deck and through the after superstructure.
Wthin 12 mnutes, ready service ammunition for 6" nmount 4 began to expl ode.

2. The torpedo detonation produced an initial list to port, but imediately
thereafter ERIE began listing gradually to starboard and settling by the stern. Course
across wind was naintained for a few mnutes to prevent spread of the fire forward to
the 6" ready service roons and aft to the depth charge stowage. Increasing |list and
tri mmade sinking appear inmnent, so course was changed to head for the beach about 4
mles away. List had increased to 15° and the main deck was underwater aft of frane
104 starboard when ERIE grounded at 1823. After grounding ERIE assunmed a slight port
list followng the contour of the bottom

3. After groundi ng, burning oil and gasoline spread forward and encircled ERI E,
except for a small portion of the bow. Al nost the entire superstructure was afire
within 2 mnutes. ERIE was abandoned at 1826, 3 m nutes after

groundi ng. The uncontrolled fires had nearly burned out by 14 Novenber when a party
boarded ERI E and extingui shed all fires above the 2nd deck. Fires bel ow the 2nd deck
were not extingulshed until the follow ng day. Wiile ERI E was beached the port shaft
alley flooded as the result of groundi ng damage.

4. Sal vage operations under the direction of Merritt, Chapman and Scott were begun
on 19 Novenber. The topsides were stripped, debris was renoved fromthe 2nd deck,
stores were renoved fromthe platformdecKs and several tanks were enptied. The
anchors and chai ns were renoved neking the total weight renoved about 375 tons. About
20 tons of oil remained in A-4F and A-418F. The stern aft of the danmaged area renai ned
buoyant during the entire tine ERI E was beached.

5. On 28 Novenber, ERIE was haul ed off the beach and towed to WI I enstad Harbor.
When refl oated, drafts were 8 1/2' forward and 24' aft and ERIE had a 8 1/2° port
list. The stern drooped an estimted 24". Between 28 Novenber and 5 Decenber
operations apparently were limted to renoving accunmul ati ons of rainwater and seepage.
At a conference on 3 Decenber it was decided to place ERIE in a | ocal drydock for
sufficient tenporary structural repairs to permt safe towto a shipyard. It was
decided to renove the list and reduce draft aft to 20' to prepare ERI E for drydocki ng.
This was to be acconplished by renoving additional scrap and debris, renoving the fuel
remai ning in A-418F and A-4f, flooding forward conpartnents and pl aci ng count erwei ghts
on deck. On 4 Decenber the anchors and chains were replaced and punping of the two
tanks was conpleted at 1930. This left ERIE wth about a 5° port I|ist.

6. At 0300, 5 Decenber, 7 1/2 hours after punping was conpl eted, guards aboard
observed that ERIE had righted and was beginning to list to starboard. Mtion was sl ow
and jerky and eventually stopped at about 10° when the hull rested against a fuel oil
barge secured on the starboard side. D-1W 43 tons capacity, which previously had been
| eaking at the rate of 200 gallons a day, was found to be full. Water was found to be
running in on the 2nd deck from B-201-1LE, apparently through drains, and into C 201L.
Fl ooding in C 201L extended at least to the centerline trunk since water was reported
running down this hatch into the engine room A slight gain was made on this fl ooding
using a portable punp. A-418F and A-4F were conpletely filled to renove the |ist.

About 12 mnutes after this operation was conpleted, ERE started to cone upright,
then passed the vertical and with increasing accel eration capsized to port.

Anal ysis of Stability, (Plates 2, 3)

7. The best estimate of ERIE s di spl acenent before damage is 2730 tons, giving a
correspondi ng draft of 14' 2". This corresponds closely with Condition VI of the

i nclining experinent data. Curve A of plate3 is the curve of statical stability for
this condition. GV uncorrected for free surface, was about 3.0'. Although the
distribution of liquids is uncertain, free surface correction could not have been
greater than 3" and is omtted. ERIE was in a condition which offered the greatest
resi stance to underwat er damage and al so provided satisfactory stability
characteristics.

8. As determned fromthe inclining experinent, the netacentric radius (BM before
damage was about 11.1'. Flooding resulting fromthe expl osion reduced the waterpl ane
area by about 25% A quick estimate of GM after danmage which could and shoul d have
been made on the spot is as follows; Assum ng BMvaries linearly wwth length of the

i ntact waterplane, a 25%reduction in the length of the intact waterplane is
acconpanied by a 2.8 reduction in BM and approximately the sane loss of GM This
hasty estimate indicates that before beaching GMwas reduced to 0.2' a precarious
condition of initial stability. Mdyre precise calculations nade | ater indicated that
GM uncorrected for free surface in the forward tanks, actually was about zero. Curve
B of plate3 is the statical stability curve of ERIE immedi ately after damage. In this
condition the maxi mumrighting nonent is 675 tons-feet, 14% of that before danage. The
range of stability decreased from70° to 43°. The total dynamc stability required to
cause capsi zing was reduced from 3567 to 283 foot-tons, a reduction of 92% Fl oodi ng
of the starboard shaft alley, D 403E, which was the only known unsymmetrical fl ooding,
produced a heeling nonent of 330 tons-feet which Curve B indicates would produce a
list of 15°, the list actually reported by ERIE. The crosshatched area on Curve B is
the residual dynamc stability wwth 15° list and shows that the dynamc stability in
the upright condition was reduced about 2/3 when the 15° list was assuned. These
detailed calculations reiterate the critical stability condition of ERI E when beached.

9. About 375 tons of weight were renoved during sal vage operations while ERI E was
aground. Al though all possible topside weights were renoved, nuch of the renoved

wei ght, including 200 tons of liquid, was |low. Therefore, the |owering of the center
of gravity and increase in GMwas conparatively small for the anmount of wei ght

i nvol ved.
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The center of gravity was |lowered only 0.4'" and GMwas increased only to 0.7". Curve C
of plate3 is the stability curve for this condition. At small angles, bel ow about 15°,
the effect of weight renoval is not appreciable. The greatest effect was to increase
the maxi mum righting nonent to about 1900 tons-feet and to increase the range of
stability nearly to the intact value. The total dynamc stability required for

capsi zing was increased to 1124 tons-feet, about 32% of the intact value. Although
stability when ERIE was refl oated was consi derably better than it had been before
beaching, ERIE was still in a critical condition. The 8 1/2° port |ist when ERI E was
refl oated coul d have been caused by unsymmetrical distribution of remaining weights.
The flooding of the port shaft alley and the 20 tons renmaining in A-4F and A-418F
woul d have been sufficient to cause this |list had ERI E been ot herw se bal anced.

10. The effects of the activities on 4 Decenber, i.e., replacing the anchors and
chain and renoving 20 tons of liquid fromA-4F and A-418F, was to reduce GMfromO0. 7'
to 0.5, to reduce the port heeling nonent by about 200 tons feet, thereby reducing
the port list from8 1/2° to 5°. Neither the renoval of |iquid nor adding of topside
wei ght was advi sabl e, even though initial stability remai ned positive after the
operations. They indicate |ack of appreciation of ERIE s poor stability condition.

11. D 1Wapparently flooded slowy, since the list did not change abruptly. This

fl oodi ng produced a 667-tons feet heeling nmonent, which fromcurve C would cause 18°
total list. Since ERIE had a 5° port list, a 13° starboard |ist could be expected.
Actual |y, the barge al ongside prevented listing beyond 10°. Fl oodi ng of D 1W produced
an after trimm ng nonment of 5200 tons-feet which would cause a 34" change of trim
reasonably close to the 3' estimated by the Commandi ng O ficer. Flooding of D 1Wal so
caused a slight increase in GV

12. The free surface effect, incident to the flooding on the 2nd deck, reduced GM by
1.6" to -0.9'". ERIE probably woul d have capsi zed to starboard had not the barge
prevent ed. Counterflooding of A-4F and A-418F provided an ever increasing port nonent.
Curve D of Plate 3 is for D 1Wfl ooded, free surface to the centerline of G 201L, and
A-4F and A-418f enpty. It is a close approximation of ERIE's stability condition

I mredi ately before counterfl ooding and capsizing. Since neither initial nor dynamc
stability was positive, the only i mmedi ate action which could have saved ERI E was
rapid renoval of free surface in C-0-01L and cautious addition

of low ballast either on or to starboard of centerline, thereby taking advantage of

t he support given by the barge in preventing capsizing to starboard. Although
counterfl ooding A-4F and A-418F increased GMto -0.6', it produced a port heeling
nmonment of 975 tons-feet and nade capsizing to port inevitable. The negative stability
curve explains the increasing acceleration of the-roll to port.

13. Fromthe available information, it appears that no formal estinates or
calculations of ERIE s stability were made at any tine during the various phases of
the operation. |If her stability condition had been known, even approximately, it is
probabl e that nore active neasures to inprove stability woul d have been undertaken
during the period 28 Novenber to 4 Decenber, that |ow |liquids would not have been
renoved and hi gh wei ghts added on 4 Decenber, and that A-4F and A-418F woul d not have
been fl ooded so readily.

14. Preparing a vessel with [ow stability for drydocking is a conpl ex probl em and
Invariably requires a detailed stability analysis and carefully planned operations. It
IS inpossible to establish a definite set of rules to be followed in such cases, since
each case is a problemin itself. RALEIGH was successfully drydocked after damage at
Pear| Harbor on 7 Decenber 1941, even though GMwas only a few inches, a port |ist

exi sted, and the ship was trimred 12' by the bow A conplete stability analysis was
made and the programfor correcting list and trimwas worked out in chronol ogi cal
detai |l before operations began. Al preparations for drydocking, including

cal cul ations, took about 2 weeks.

Photo 1: ERIE (PG 50) Ceneral view of torpedo and fire danmage
fromoff starboard quarter. (Click to enlarge) The A-frane
structure appearing on Erie's bowis nounted on a barge noored
on her starboard side.

Plate 1. Structural Danage and Fires. (Cick to enlarge)

Plate 2: Flooding Diagram (dick to enl arge)

Plate 3. Statical Stability Curves. (dick to enl arge)
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RESTR-CFED
Shi p: USS RENO (CL 96)
Cause of Damage: Submari ne Tor pedo
Dat e: 3 Novenber 1944
Pl ace: O f Luzon
d ass: ATLANTA (CL 51)
St andard D spl acenent: 6000 tons
Length Overall: 541"
Extrenme Beam 53'
Draft Before Damage: 20" 10 1/2"
Launched: 23 Decenber, 1942
1 A submari ne torpedo detonated at about franme 92, port, in way of shell strake

"C', and caused serious | ocal damage. Shell plating and supporting structure was
ruptured between frames 88 and 97, a distance of about 33 feet, and from"B" strake to
"F' strake, a distance of about 22 feet. Danage to adjacent plating extended between
frames 84 and 103 and from"A" strake to the main deck. The main, 2nd and Ist platform
decks were destroyed between franes 88 and 97, port. This damage as well as that to
the main deck and interior structure is shown on Plate 4 and Photos 2 and 3. Extensive
flooding resulted in a condition of negative initial stability, however, damage

control neasures undertaken by the ship's force and ZUNI (ATF 95) enabled the ship to
be towed 700 mles to Uithi. Despite the marked |oss of strength at frame 93, port,

no progressive structural failures were noted during this passage in heavy weat her.

2. No drydoaking facilities were available at Uithi. Tenporary repairs were
undertaken by VESTAL (AR 4) and RENO with the ai mof making the best possible

I nprovenent in stability, watertight integrity, and |ongitudinal, transverse and | ocal
strength. Imedi ately upon arrival and throughout repairs divers were used to
determ ne the extent of damage, both in the vicinity of the explosion and to the rest
of the underwater body and appurtenances.

a. Stability During Repairs (Refer to Plate 4).

On arrival, RENO had 1800 tons of flood water and GM had been reduced
from3.5 to 1.4'. B3 had been dewatered, but B4 was conpletely fl ooded.
Fl oodi ng extended aft to bul khead 110 on the 2nd platform and frane 103 on
the Ist platform C-201L and C 202L were flooded to the waterline.
Cal cul ations of the stability condition showed that it woul d be necessary to
renove 200 tons of topside weight before it would be safe to accept the free
surface in the after engine roomresulting fromunwatering fl ooded spaces
aft to bring the

RESTRI-CFED - 11 -

2nd deck above the waterline. Accordingly, about 200 tons of the highest
practicabl e topside weights were renoved. A careful record of weight and
nmonent of renoved itens was made for use in a continuous cal cul ati on of
stability. Forward tanks A-1W A-2W A-4F, A-5F, A-7F, A-8F, A-608F and A-
609F were-ballasted solid with oil or water. Then, C 412M and C-415M were
unwat ered to bring the 2nd deck above the waterline. G 201L and C- 202L were
dewat ered. Later, the ship was |listed to starboard to facilitate repairs
near the waterline.

b. Structural Repairs (Plates 5, 6, 7 and 8)

The section nodul us of the damaged section was cal cul ated using information
obt ai ned from exam nati on of the underwater body by divers. This cal cul ation
indicated that it would be possible to restore about 75% of the strength of
the intact section. As shown on Plate 6, damaged areas of the nain and 2nd
decks were replaced and two shell wapper plates were installed bel ow the
port sheer atrake. Additional l|arge longitudinals were installed on the
shell and and main and 2nd decks (Photos 4, 5). These girders extended about
30" beyond each end of the damaged area. Their ends were tapered over a

| ength of 8 and anti-tripping brackets were installed in way of each
transverse structural nmenber. In order to inprove stiffness and transverse
strength in way of the danmage, a damaged section of bul khead 96 was repl aced
and bul kheads 88 and 96 were strengthened by adding vertical bracketed 8"
channel sections in way of existing stiffeners. Wb frane 92 was repl aced
and 10" H colums were installed between the deep main and second deck

| ongi tudi nats at each transverse web frame (Photo5). 8" | stanchions were
installed to replace danaged stanchi ons supporting turret 4. Hol ding

bul kheads 77 in B-3 and 103 in C 412 and G 311AC were shored.

C. Watertight Integrity.

In addition to the inprovenent in watertight integrity resulting fromthe
repairs to decks, shell, and bul kheads, danmaged access cl osures, ventilation
ducts, and piping were repaired or blanked.

RESTRI-CTED

3. After conpletion of these repairs, RENO was towed to Manus and drydocked in AHSD
2, where tenporary repairs to the underwater body were nade by WH TNEY (AD4), Navy
Repair Unit 3205 and RENO. The care taken to align replacenent nenbers with original
structure and to achieve continuity in way of all connections is shown in Plates 7, 8
and Photos 6, 7. Stanchions were installed at franes 90, 92 and 94 1/2 to conpensate
for the bul khead which was not replaced at frane 90 and to provi de additional

stiffness (Photo 8).

Photo 2: RENO (CL 96) Damage, franmes 86-94. Note intact 3.75" STS plating.

Photo 3: RENO (CL 96) Looking aft at underwater damage, franmes 93-103.
Not e above water repairs made at Uithi.

Photo 4: RENO (CL 96) Looking aft at |ogitudinal strengtheni ng nenbers on
shell and main deck.

Photo 5: RENO (CL 96) Looking to port and aft show ng repl acenent
structure.

Photo 6: RENO (CL 96) Fairing of longitudinals and transverse franes to
undamaged origi nal structure.

Photo 7. RENO (CL 96) Looking forward fromfranme 99. Show ng net hod of
fitting continuous |ongitudinals and intercoastal transverse floors
out si de damaged shell plating.

Photo 8: RENO (CL 96) Interior repairs. Note deep franmes 92 and 94 1/2 at
shell; columms fabricated fromdouble 8" x 3" channels supporting 2nd
deck, columms supporting arnored bhd. 90, and deep longitudinals wth
bracketed end connections under 2nd deck.

Photo 9: RENO (CL 96) Looking forward at after end of replacenent plating.
Note watertight seal on port stern tube.

Plate 4: D agram of torpedo damage to hull and structures.

Plate 5. Frame 93 structure before damage.

Plate 6: diagramof structural reinforcenent and plating in area of damage
perfornmed in forward area.

Plate 7. Repairs to shell plating, franmes 80-105

Plate 8: Shell plating repair perforned at Mnus.

The Bel ow photos were not included with the original report but are provided for
addi tional reference

NH 63431: Novenber 5th, 1944; two days after the torpedo hit. Fleet Tug
Zuni ATF-95 is alongside to port rendering assistance. Note the fuel oil
streaming fromthe aft end of the ship

NH98473: Al so phot ographed on Novenber 5th, this photograph visible shows
how cl ose to capsi zi ng Reno was

80- G 287559: Anot her shot highlighting the fuel oil stream ng fromthe
ship. Note also that sone work to increase her stability has been done as
the starboard side torpedo tubes have been jettisoned.

80- G 287568: Anot her phot ograph showi ng Zuni al ongsi de

SOURCE:

Nati onal Archives & Records Adm nistration, Seattle Branch

Record Group 181, Entry 59A-271 "13th Naval D strict Brenerton, WAshington" Ceneral
Correspondance 1947-1958

"Structural Repairs in Forward Areas During World War 11" -BuShi ps Bookl et dated Decenber
1949.
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