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Studies on the Application of Plastics and
other New Materials to Shipbuilding

Abstract

1. Introduction

In order to modernize and rationalize shipbuilding technique, it is necessary to use and
develop light, uncorrosive and fair plastic materials as superstructure and fittings of ships.

Yet, there has been lacking in systematic researches regarding to these materials on their
durability under actual long-term use in ships.

In order to elucidate these points, we have continued researches for three years from
1960 to 1962 on the use of plastic materials in shipbuilding.

In the first year, basic research was conducted as to plastic materials and their fabricating
under actual working conditions.  In the second year, the sandwich structures principally
involving the hull structure and fittings were tested and also the strength of the wvarious
molded articles and their accommodation were studied.

In the third year, plastic materials were applied to two actual ships on the basis of the
foregoing results.

In the first case, the whole wheel house of the 300 ton type “Haruchidori” was built of
reinforced plastic and, in the other, one of the rooms (7 m?) of the industrial floating fair,
“Sakura Maru”, 12,000 G/T, was built wholly of plastic.

By observations and measurements of these two vessels during their cruises, it has been
ascertained that their accommodativeness and durability are living up to expectations.

Success of the foregoing program has enhanced the significance of plastics in their
application to shipbuilding and has contributed to successful design and construction of

plastic ship’s parts. It has also enabled us to solve those problems that still must be solved.

2. Research on the Mechanical Strength,
Especially on Fatigue Strength

In order to elucidate the systematic fatigue properties of fiber-glass reinforeced plastics
(FRP) when actually used as superstructure, we studied the fatigue strength of such materials
after subjecting them to high temperature, weathering and immersion in sea water.

Our experiments showed that the fatigue strength of FRP was 20~30 percent of their
static strength at room temperature and the fatigue strength at high temperature markedly

decreased, weakening rapidly within a short time. Thus, care must be taken when they are
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used under repeated stress at high temperature.

The fatigue strength after 240 hours of weatheriug or three months of immersion in sea
water indicated values on the same level as those for normal fatigue strength.

From these results, it is to be inferred that FRP would not deteriorate at least for a

few years when used as ship’s superstructure.

3. Research on the Temperature Properties

of Various Plastics

In order to ascertain the limit of usability of plastic materials within the range of
very high or very low temperature, since temperature properties are the weakest point of
plastics, fluctuations in the strength of FRP and other plastics at temperature between
—50° and 150°C were tested. Results were as follows :

FRP showed no appreciable changes in strength within the range of —15°~460°C and
this temperature range seems to be safe under long-term use of FRP. Generally speaking,
phenol resin showed the least effects of temperature changes.

On the other hand, the safety range of thermoplastic resins was seen to be smaller than
that of FRP, being around 5°~40°C. Their expansion under high temperature and contraction

under low temperature were remarkable.

4. Research on the Strength after Weathering

In order to study the weathering-resistance of IFRP, the static and dynamic fatigue
strength of FRP was tested by exposure in open-air for one year and exposurec to weatherometer
for 240 hours (equivalent to 6,000 hours natural exposure).

As a result, it was seen that FRP had undergone discoloration due to ultra-violet rays
but such serious effects as cracks or delamination were absent.

With respect to strength. all the plastics showed no anomalies but rather a tendency
toward increased strength. It is, thus, to be inferred that FRP as structure of a ship possesses

durability over long periods.

5. Research on the Strength after Immersion in Sea Water

In order to examine the sea water resistance of plastic materials, especially of FRP, we
tested tensile strength, fatigue strength and impact strength properties of these materials
after their long-term water absorption and immersion in sea water (1, 2, 3 months).

According to the results of our tests, water absorption after three months is 120 mg/100
cm? and roughly constant after one month. There is almost no difference in strength and

FRP, with fiber-glass as base material, shows outstanding strength. fully giving play to its
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reinforcement effect.
FRP, when fitted into the superstructure therefore, is expected to prove its strength
and durability against weathering or waves, but, in view of its large strength deviation,

it is important to obtain the tolerance value when designing its use.

6. Strength of the Adhesive Joints and Adhesive Working Methods

In fitting plastics into a ship, often work has to be done in cramped ship space. Accor-
dingly, in order to determine designing standards and adhesive conditions, various adhesive
tests were conducted in regard to plastic joints and fitting of plastics into the hull struc-
ture.

As a result, as was to be foreseen, it was ascertained that if the adhesive surfaces are
made clean and free of oil without fail, with due caution against moisture, adhesive strength
could be made even.

In the case of lap joints, they were found to be effective against tensile shearing strains
and compression strain but vulnerable to delamination strain.

There is thus need to pay particular attention to the loading stress on the joints.

7. Rerearch on the Strength of Welded Joints and Welding Methods

Thermoplastic resins have recently come to be used more and more as ship’s fittings.
Accordingly, we undertook to study the literature on the subject of plastic-welding techni-
ques (welding methods and welding devices) and carried out a few experiments on automatic
welding.

For specimens we chose acrylic resins, particularly rigid polyvinyl chloride resins.

In regard to strength, they generally showed large deviations and some indicated low
values (about 50 percent of the base material) but gave values almost equal to those of the
base material as to the impact strength

If the welding work is properly carried out, considerable strength may be expected.

8. Research on the Working Methods of Bolt Joints and their Strength
(Including Fatigue Properties of Bolt-jeint Structure of FRP and Mild Steel)

In fitting FRP plates to superstructure, there are still various unknown factors relating to
the vibration fatigue of joints and the bearing strength at the bolt holes.

In order to clarify these points, we conducted tests with regard to effects of the distance
between the bolt holes and the ends of the plates or the distance between bolts on the stren-
gth of the joints. The following results were obtained.

The best efficiency is obtainable if the diameter of a bolt hole (d/t) is about 1.2 times of

the plate thickness and 3~+4 times of the bolt diameter and the best distance between a bolt
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hole and an end of a plate (s/d) is 5 times or more of the bolt diameter.

In the case of rivet joints, if due consideration is given the fact that the strength of the
joints is mainly based on the fracture between rivets and the fractures of rivests themselves
in order to prevent the edges of the plates from breaking in front of the rivets, s/d=5 seems

to be most desirable.

9. Study on the Properties of Strength of Sandwich Structural Materials
(Sandwich Materials)

Aiming speed-up and light weighing of the ship, we studied on such problems as the
stress member, adhesive working method and out-fit working etc. of the plastic sandwich
panels, in order to develope the use of these panels for structural materials and equipments
in the ship.

According to the results foamed resin cores must be paid attention to attacking by the
solvents in the adhesive reagents, but the difference of working methods did not influence
on their strength value, and honeycomb cores are required high quality of adhesive technique
because the adhesive area is small.

But in out-fit working, they have little strength for screw holding, so inerts must be
considered at beginning of the design of the panel, and also the inspection of adhered space
of sandwich panels is supposed to be difficult.

The use of the sandwich panels made by the method of foaming polyurethane in the
field reducing adhesive procedures and having high adhesive technique may be increased more

and more in the future, if they are competent cost.
10. Study on Adiabatic Properties

As part of a programe of research in the accommodativeness of plastics as ship’s fittings,
various kinds of large panels (2050X 2050 mm), chiefly of FRP, were fabricated and compared
with heat-proof steel plates to meaSure their coefficients of overall heat transmission in order
to elucidate the adiabatic properties of plastic constructions.

As a result, it was found that plastic construction walls were better than those of steel
and their coefficient of overall heat transmission was 15 percent lower.

It was also found that paper honeycomb constructions had good adiabatic properties.
11. Research on Acoustic Insulation and Absorption

In order to obtain basic data on the sound-proof properties of plastic parts in ships, four
large model specimens were built to measure the acoustic transmission loss and coefficients

of acoustic absorption. It was seen that honeycomb sandwich plates were best in the case of
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FRP, while single plates were inferior in their sound-proof properties because of the high-

frequency wave coincidence effect.
12. Research on Ventilation Ducts

Rigid polyvinyl chloride has been widely used in ship’s ventilation devices, but there had
been lacking in basic data on its vibration and noise characteristics, air duct loss and the
like. We used various polyvinyl chloride ducts in our experiments to solve these problems
and to improve duct-fitting techniques.

It was found that plastic ventilation ducts were less subject to vibration or noise compared
with steel ducts and that the round shape was best in these respects. The friction coefficent
of a plastic pipe in air duct loss was seen to be little different from that of smooth pipe or
steel pipe sold in the market at less than Reynolds’ No. 7.5x 108,

The resistance of bent pipe is considerably hgih, but by inserting a guide vanc the resi-
stance can be somewhat reduced.

In regard to branched pipes, useful data were obtained ‘on various pieces, especially

Y-shaped pieces.
13. Study on Pipe-fitting Methods

In order to use plastics for pipinginships as a partof the program of modernizing ships,
the method of joining rigid polyvinyl chloride resin pipes and the possibility of using plastic
piping in warm-water systems were tested.

As a result, it was found that, on the whole, coldworking is best and that this will be the
method that will more and more be in use.

In warm-water systems, use at below 50° C is desirable, as with temperature rise resins
grow in flexibility. The hand-holding interval for 1-inch pipe is to be surmised 1.5 m maximum
under less than 50° C.

Becuase of their simple and easy processing. the use of rigid polyvinyl chloride resin pipes
is likely to increase.

14. Application to Fittings of Ships (Adaptability
of Plastic Materials by means of a Model Room)

In order to build lighter and more economical ships, we adopted plastic products for all
the fittings in the mailmen’s room of the industrial floating fair ship, “Sakura Maru”, and
compared the room with the conventional ship’s accommodation. We studied the functions of
the new products, their workability, durability during a cruise and their accommodativeness.
We were able to obtain the anticipated results.

With the completion of our program, we gained many useful data on designing and
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building of plastic fittings. By using plastics, ship's {ittings were reduced by 30 percent in
weight.
Tests during the actual cruise showed that members of the crew were satisfied with the

thermal insulation, acoustic insulation and decorative aspect of the plastic fittings.
15. Application to Exposed Parts

Application of FRP to the exposed upper parts of a ship would mark an epochal advance
in shipbuilding technique but there had been lacking in adequate experience or data on the
subject.

On the basis of the data obtained during the first and sccond years of our researches, we
built the whole wheel house of the 300 tons type coast guard patrol boat “Haruchidori” of
FRP, its total work area is 42 m?

Valuable data for spot engineeriring work and application to exposed parts of an actual

ship of this kind of materials were obtained through the work.

16. Strength Test with Large Panels

In building the wheel house of the “Haruchidori” of FRP, large model FRP panels (1500
X 600, 1700 X 1700 mm) were manufactured and their mechanical properties as their strength

factor were studied.

As a result, we were able to obtain precise designing data on the method of reinforcing
the material with stiffeners, improvement of its rigidity, formation of the sandwich structure

and applications to shipbuilding.

17. Study on the Working Method when using FRP as Construction Material
In using FRP products for the wheel house of the “Haruchidori”, various large FRP
pieces were studied in regard to their joining, joint efficiency, fitting on the spot and the
like. The results were as follows:
1. Efficiency is not necessarily increased linearly by increasing the laps between panels
and 80 mm is optimum for laps.

2. Flange joints are not suitable because they are liable to delamination between layers

under tensile strength.

3. Adhesiveness of the same group as the layer plates are desirable in adhesive joining.
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B

72, FHTHEOEITIC SN CREL, B LN 0 MEE TR X 0TS ARy & 23,
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MW FRP L F 7 AHHERRM CIIEBEOEELRLTEY, BISEREE L LCHLE

BEOREREBOBR LIS TR L b2MAS I b0 LigEEh 5,
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2.1.1 JEESR (JIS. K. 6745 12b &S BB LI,)
2.1.2 HEH RIS LU
@ ML = Bl

BESA (0) B OB 5 B KK
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(FE) 1. LR OBERMER S KOFHHTH D,
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(ii) —30~-50°C filix 27.5kg/mm? {HE L7y, BLOBEAN’D 5,
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ﬁﬂ’-"";’fg 25 228 2.95 1649 ~265 -
60 205 155 185 ~213 |—110
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7o

FIERHESCIX 5T 74 XSRS 4RI L, 60°C, 110°C, 130°C, 150°C & EECiIE]
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BIXAMOEEFL? D F I BFIIRPHEZ L TR LD TH 5,

eyl %
BT 7 AF v 7 ORI SRR ik L g, BfEks i) Gl T b
— 13 —



° YaFbiy JL¥)
o BoE W O ((=20)

o B < 4-GER T

Y o AR

= + §8F ZZOL(REM)
w BRKYIRFY-is

* x s IE¥YY-hk

i

B0

T S — - . P
=103 L} 130 €0 " 560 ALl
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D, REERT LA S EREEDCRIA T2 2D REOBR Z X » 5 —J), Ot
WME BT 52 EN4EROBED 1 >Th b,
2.2.2 WEIEAL Y= A ROMRERM GERREEEL 25 RS X %)
@) FHERF 7O O EBREE
AR TS IREBAIIH L mm JLOEM v — PRV ARE L Uo7z 1mX 2mX
5mmOFEDO KIS bE—THER LA LD T, JIS RELTEDEBRO LD TH %,
BT ER SRS EA T 3R » By BV EEER (110°C, 90°C, 60°C, 25°C) 1fEL
TREREAN LS e — 41 X » UITECRECIEEES L CERIRBICE L hE L 51T
Lo BBRICER U Cid BRI DR R & & HRRIBC R FE U 7z,

b HEB&ER
BRI E =V DB ERBROBRIC OV TGRS LRD L 5 Th %, @
(1) ffE—fo 2.1 MEHE{LY =AY — MERE DR
AR RWEL ML S L & atsfcmm t’jﬂ, ! u:/ﬁﬁ M:jﬁ’w{ PO moahx

bICEEER R UREHNO l —
110 0.4 g0 | oa~es |29 55| 4
RACEU L 7o 2 D 90 0.8 0.1 07~08 ' 29~34| .
HEESL, TO8Yi#s T 60 43 0.3 42~46 | 32~40 i +
BICEFER L B &SRB 25 63 03 | 62~64 | 25740 »
0 7.8 02 | 25~79 |15~28! »
JRTRINAER 4 T Z DINEETE —15 8.1 0.2 7.7~ 85 »
MR IR Lt —30 %0 0.3 8.9~ 92 »
Do TOUE, TN O -50 10,0 0.6 | 25~103 -

e HDRMEOYR, ok GE) D) BERMBEEE20mm/min T -7,
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(i) GPERYRE LMK
BIER D & LI & ORIIiZ 60°C MHE % T2V oW ERABIRIC D b T 0T X b %
b LD TERRCRS T 5, 90°C YETRVWHY 2 MEHAERY R L, (&
2.1 £
(i) K W 1A
FSELLL L OB G R B X D R4 A IR L2 OBBTRIT SR 5, 2o
BAHOETCREP LY O RAF 2 N LT 50 5 BHU E TR SERSD - T
Z ORHO YA X Y INTTESRHET 0T, M b xRN il s
ZUTHERE Lic\
BT CHRIBEEM RO AN & < ERBMT OBEfEF 2 X 510/ B8 0°C ST TRtk
WEIEL S 2BEAET 0 LHE S —HBBIRZ L O 5, & b EEIcre 5 &
DRI LD BB DBKIE & 7e Y FER T EICIE 3 < Lo TEEIC e 5 & Mkl
BERTVD E VR — VORRIRE O & TG REE & U S Ok B i ss
BETZELHY 9500, HLCELTRHERECE Y20 kW 2omEsrilbh
Wi Bis o,
(v) ¥ v 7%
KT RICE B0 & BEORRBTEE IO Tt e <, BESICE 2 UM RS,
TV EBIEIR IOEIC L » TEL T D, FRIRERCR LT SR -
TLBOT, WEHCHh o TRAENT 2007 & BEHRISRIE R 2 X ©, MEE B L
ThaeRdil UTRHOATERRIC A S v RET R ETH 5,
2.3 HRWEORERM
231 ® B O
Ty VEHREEE & LTRO X 57 b ORER L,
(@ =g JIS K 6745 123 & Su~THEK,
b £OMOFEMILT T AF v 7 HllE (BHUFKIE & EC > TERE) JIS K 6706 b &
E eI,
2.3.2 EBR&MR L0k
z£< 2.2 .ai: %\ lzk X;i (m&%‘fﬁk)

Bom o BEEN gy ' E N KRB E W 4

-s50 | 7.1 0.63 5.9~ 7.6

-30 ! 7.6 0.51 7.2~ 8.5

—15 8.4 0.24 7.9~ 8.5

—— | 5.6 0.13 5.4~ 5.7
‘ | 2 9.7 1.15 8.5~11.6

& =V g 60 15.7 1.79 12.7~17. 1

90 32.1 0.00 32.1
110 26.6 2.82 23.1~28.7
130 22.2 2.47 18.7~26. 2




—50 10.1 104 8.6~10.6 '
—30 6.5 0.4 5.8~ 6.9 |
~15 12.5 0.58 11.8~13.1 !
b =) | 0 12.6 . 0.62 11.8~13.6 i
o ' 25 11.0 : 0.48 10.6~11.8 |
Wil (W7 2) " 60 14.2 [ 346 13. 1~16.6 :
(# @ 90 16.1 1.42 14.8~18.6 |
© 10 18.1 119 15.9~19.3
130 16. 5 o 0.89 15.3~17.8 !
150 15.2 0,67 14.2~15.9 '
~50 5.7 ' 020 5.3~ 5.8
—30 11.9 L0.59 11.2~13.0
. =13 3.6 ! 0.39 8.0~ 9.0
Sl = ) 0 7.0 0.42 6.4~ 7.5
25 6.8 0.89 5.8~ 8.0
LN 60 7.8 0.37 | 7.5~ 8.0
D) 90 8.4 0.43 8.0~ 9.0
L 110 8.2 0.50 7.5~ 9.0
130 8.4 0.62 8.0~ 9.6
150 7.3 0.30 6.9~ 7.5

E 2.2 R TEIEME oW TRBROEESREC S W CREZ 1T/ - oo
BRI A &/ — & FIA T4 2% AV, RERP CREEEC 2 HEREE, EosEm
B3 BSUF CHRERE 2 RERRREK 0.3kg-m ¥ v L CH RSB CREY £ LT,
2.3.3. HBwE
RBOERYE 2.2 ©RT, IRLIRINTERDZ ER¥bh 5,
@ WBEE/L =5
IR 60°C AL X U KM A Y, ZThic LA o TR b Bz L, 90°C1eiks
WUREE &g D 90°C L R ERRIE T OB M AR T
7S, RERICB VG TIRER (25°C) L THEERBS bh, BT OREET 2 RTHE,
KELEBIAZT SRz,
b W7 = — Mg ()
EHE/ v FObORE 110°C TREE 18kg-cm/cm? R34, ST —~50~150°C
DIREBIC B\ TIIREZET D £ DV D bR,
WHE/ v FOLORKE/ v FOMNLOERETERL D & SEESC X 5 HEZER/N
<, LR THRAT =/ —VElE () B L CRERRIBC 51T 5 HRMmE N 8
(25°C) L L kZERE b D LHE SRS,
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3.1 4t & o H
RY T ATV
TRF VIR
7z ) — VR
WEE/L Y =)
32 X B AN B
3.2.1 BAREERS
IREEPHLRIAE  FEFI3SELLE 14H
BB R R PEKTHIR  BERI364E s H13H
P 14 s FAFI364E 11 13 H
BB B T RERA35°22° CREUENL K EM)
LA BAR R 2 T AERER L O BRI E OB HERIE Ui,
3.22 v - A—-FREHBHERR
WA e A — e iRIE 200V 9KVA
G N — R T —2 2K7 4 & —UVD 14 (310~400m/1)
= OB & M- BERERES G (max65°C~min35°C)
A7 v — RG] CREBRAEYE) 12051184
K7 bH[EEHE 1rpm
FSHE 30X10° B v b
TGIRER 60, 120, 240hr (FRFRTRH)
LR TRENES X O HBIEEOZ LR HIE L,
3.3 % B H &
g A~ I X BBEROER OYEIBEE OB R OEBS BT & o7,
331 7 8 B & WIRRA
3.3.2 3l 3R A B 7T ARTHEE WEHEE 20mm/min)
3.3.3 % #® #® B Vet (0 3kgmBEHEIRER)
3.3.4 WHHRERER Vv RIS
AN EME LRt
34 & B # R
3.41 B E
ZORBCRBEHEEE = VEEOIRE, EEREbD AL, KEOHEZRbIREAL LR



o flo BLT =/ —VEIIR (i) DBEIAE L, Lavd, HEOHIEE S IEERRIOBE KL &b
WH It ofco MRV T ATV (HF A) DEEIEHLDOTAEVCRERMAEISE Y KE VL
Wighotc, WAL= RF ¥ (FF 2) OEBZBNE CKREHE SNV 240hr DR T K X 7[R
DHEA RO e, —fc TR b NIRRT GEo BT lh ot (F 31 &80

# 3.1
60hr SR 120hr BE 240hr By

Mipwyz s | BOR | BEEAKRECES | BEEATORKOCRE | WERARKECES
M (T2 semmgage | CoMEERS I hEEEED X DMIE &% B 55760 3F
BWlz#se |RO%ERL | PoBE 38 35 B8 Beam
B CAI2) | mEomE | SRS DLEEES SLEEZD 547515
Btz -n | o | PoEe B BERECES
Bifig (45 ) REOHE | voR Lk SLEERD ELEMERS 6055 %
BEiEe=r |BOEL | BEAERLEL R e SUBELZD
Bl REOHE | 13045802 L EEASEZL BEAERIEL /9

QEI D) XA ZOBWFRA—= - VHE (REROWE/BENOWE) &b,

2) LmEE MR N CRIE
3) HEHAL ORI ZEH & BRI
V) BOOREEEL N T~ 7 10 LAY,

.42 Gk
# 3.2
[ 60hr WRiEE B 120hr BB H& 240hr BRE®
3IPR | 31%% | MKEETE| 315 % M | BEETE| 3108 i | BEETE
Kgomd | Kosmd % Kooad | % Ko ni %
wa | R o & 260 265 + 19% 28.0 + 77% 252 - 350%
{-ib{; & % B R it 06 4 18 I 264
ig BB 221 259 271 237
- B O A 280 271 28.6 287
j-tr\ ¥ B 239 254 | + 61% | 254 + 6% | 27 +13.0%
= | EBRBRA + 21 4 125 + 236
;g & ® & 182 239 24.6 254
> K & 258 269 269 30.1
% * B K 102 10.2 0% 85 . ~15.7% 10.2 0%
7H | WA R + 14 + 20 + 122
]/ B fE 96 .0 64 8.7
» ® OB fE 109 110 10.2 108
% * oY 62 73 +17.7% 73 +17.7% 77 +34.2%
ﬁ EEBA + 024 4: D28 | 4 0as
: B & fE 5.8 70 70 74
Mok & & 65 7.5 75 8.3
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HEROEFRIIES. 2B I3 IR T EBY T,

BEEZUTES %, . a9
—fc 240 hr WSO F LB ORE & & ”\'Wm\ —
LICHE DR TRz LA E bR o,
WfLRY = AT (FFR) OMEEEHETL &b T
CHPCL 120 hr WS TS LCEORIE £ b 2
KR L *f:
WAL RE Y (FT7R) OB & &bl
KT BBEEE R Lo W T ) U
L7 = 7 —v (F) OTRELEHE & & bk | T T T e
D FTA R L,
b € = OBREZIEE & & bR T BRI E | |
Ao (RIS BR 0 B m D (o "
Lo TEPOBBIL L - TF LV RIEOEL
BESRE B4 3.1 W — AR &
3.4.3 7 R B
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