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B Abstract

Following up on the survey of large tankers conducted last year, this year we conducted a survey regarding the Development of
Specialized Shipbuilding Technologies that have been used in the construction of many ships. The specialized ships examined in this sur-
vey are container ships, liquefied gas carriers, bulk carriers, and automobile carriers. The survey focused on the trends in ships under con-
struction, and the progress and development in related technologies. An outline of the survey results is presented below.

All of the specialized ships covered in the survey first appeared during or after the 1960s, when Japan experienced an exceptional rate of
economic growth following the 2nd World War. The construction in 1954 of bulk carriers that specialized in transporting iron ore could be
considered the beginning of many specialized ships. The increased production volume of crude steel that resulted from this economic
development brought about a rapid increase in the import of iron ore and coal, and starting in the 1960s, the construction of “bulk carri-
ers,” designed especially for transporting iron ore, coal, grains, and other bulk goods, became much more active. In 1966, American ship-
ping companies began operating “Container Ships,” in which various types of goods was stored in containers, and those containers were
loaded directly onto the ships for transport. The Japanese shipping industry received a request from Matson Inc. of the U.S. to collaborate
in container shipping, and in 1968, regular liner shipping routes were established for container ships running between Japan and the West
Coast of the US. The construction of the container ships being introduced on these shipping routes marked the beginning of container
ship building in Japan.

The demand for propane gas increased rapidly as a result of factors such as changes in living environments accompanying Japan’s eco-
nomic growth, and there was a gradual transition to the use of natural gas, a clean energy that prevents environmental pollution. As a
result, it became necessary to import these and other gases from overseas, and this led to a rapid increase in the demand for liquefied gas
carriers (LPG ships and LNG ships) to transport gases in liquefied form. International exports increased rapidly with the remarkable
growth of the automotive industry, and specialized automobile carriers combined bulk cargoes, or “Pure Car Carriers (PCC),” were
developed in response to the demand for more efficient marine transport methods to accommodate this growing demand. Construction of
combined automobile carriers began around 1965, and from 1970, many Pure Car Carriers were built to enable the efficient dedicated trans-
port of automobiles.

The fundamental construction technologies used in the construction of these specialized ships had been fully put in place by the begin-
ning of the 1960s through to the efforts invested in the shipbuilding industry following the war, and the unique needs of each type of spe-
cialized shipbuilding were met by the later development of specific technologies. Among the specialized ships covered in this survey, it
was the liquefied gas carriers that required technologies differing from other specialized ships. The liquefaction of propane and natural gas
(methane gas) must be achieved through either cooling or pressure, but in the case of ships transporting large volumes of these substances,
the method commonly selected is cooling. The temperatures for liquefaction of these gases are -42° C for propane gas and -162° C for nat-
ural gas. The construction of large numbers of liquefied gas carriers was made possible through the development of low-temperature tech-
nologies that met these requirements. Particularly in the case of natural gas, the extremely low liquefaction temperature of -162° C pre-
sented numerous problems, including shrinking of the storage containers due to thermal changes, and problems with container materials in
terms of insulation and resistance to low temperatures. For these reasons, the basic concepts for transport methods were developed over-
seas. The majority of Japanese shipping companies constructed high-quality liquefied gas carriers by using basic concepts for technologies
developed overseas, and then developing detailed technologies related to specific construction issues.

Among the specialized ships other than liquefied gas carriers, it was the container ships that required more advanced technologies than
other specialized ships. With the introduction of container ships, port and harbor cargo handling became more efficient, and it became pos-
sible to transport cargo directly from the cargo sender to the receiver in a single consistent process. Needs increased rapidly as a result,
and the size of ships grew dramatically as a means of increasing transport efficiency. Because container ships are required to operate on
regular shipping routes within a specified time schedule, it was essential to develop ships that could maintain running speed even in the
midst of constantly changing ocean wave conditions. Many large container ships were built by combining the results of model tank tests
and analysis technologies by computer, which enabled the development of large, high-speed vessels.

Bulk carriers that handle iron ore and other cargo with high specific gravity, as well as Pure Car Carriers that adopt automated cargo
handling methods to enable efficient handling of automobiles, require structural localization of the ships that had never been used before,
and also require careful conformation of the structural strength of the ship bodies. Design technologies related to structural strength were
incorporated at an early stage in the form of the computer-based “finite element method (FEM).” It is now possible to fully confirm
structural safety, even in the case of large-scale bulk carriers that transport loads in excess of 200,000 tons.

In keeping with Japan's economic growth, in addition to the changing types of cargo being transported by sea, there have been increas-
ing demands for greater efficiency in transport, and for the construction of diverse types of specialized ships. Through this survey, we
have been able to confirm that Japan’s shipbuilding industry is capable of manufacturing large numbers of specialized ships, through the
construction of a firm foundation in shipbuilding technologies, and the development of specific technologies that respond to the require-
ments of each specialized application.
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ANEM L 72720 KEAA T & 9 fL LTl T RS 25
2D, STHIZEDHLVWREDSEAEL. C ORETIH
WA TREWEAE T, 2 D 2R DRI PE S i i
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ERWE LTRS - WG, R MARO3FM6TH %
3| BRHRRTH A DB IO S a2 £ L7z,
Tl 2 DR & RGBT EAR O 12X ), il
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HAME | 028 Th o, YRENMEIEZ. —BED
MERR L, BBT 07 F 5 7RITEML 72/
BHZX DR L CTOWBTH b,

FE EMAT I B CI A SO EED G 5 D
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R S BB KEUEASEA TV D, FAMEI & 28
AFME AR OBEEIZ, 1968%ERK [V v 8y Fx
) — (RIEERE77388 b ) ZFEHE T, [HBILA
(BRATH 99,605 ~ ) =ZJhif] &b, TDEk
A > KELIZ B HE A, 1972452 [NAESS
AMBASSADOR (#RfgH 264,485+ ») ZZEHET |,

A GRETER268770 + ) £l Bk R
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NSS CONFIDENCE*"* 1999 =T 229545 |MEHEHEE  313m. W 52m. S 24.3m,
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7.32F5EH»EYM (NILIF+UT7) BERE
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L. AR EEME L s hiz,
195445 55 TR 3 % 1960 4R AR AT 1. &3 ARAT 12 T
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MANDO THEODORA COPULOS*¢| 1960 B AR 28,326 0/B/0
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DEITEDLES KON EHEL. HEHEIZXD
HOMEZm/NE 2 5 HEEH 3 %, FREOFORE)
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(i 10/ RA)

£ | Fh | BANG | BEE | BH gn TR gur | com | am
1965 2,480 640 527 216 449 1,537 5,849
1966 2,629 700 575 226 495 1,613 6,238
1967 3,400 730 651 269 464 1,716 7,230
1968 4,197 750 T8 310 407 1,933 8,372
1969 4,853 760 919 385 367 2,090 9,374
1970 5,598 890 1,093 481 475 2,118 10,655
1971 6,555 900 1,185 434 487 2,169 11,730
1972 7,720 930 1,156 444 548 2,306 13,104
1973 9,207 1,010 1,398 467 760 2,562 15,404
1974 9,661 960 1,578 558 695 2,935 16,387
1975 8,885 845 1,471 621 734 2,810 15,366
1976 10,199 950 1,469 591 779 3,035 17,023
1977 10,408 995 1,386 643 801 3,220 17,453
1978 9,561 985 1,384 604 945 3,455 16,934
1979 9,452 1,045 1,649 778 1,026 3,605 17,555
1980 8,219 1,020 1,651 957 1,087 3,720 16,654
1981 7,193 1,000 1,558 1,124 1,131 172 139 3,399 15,716
1982 5,212 1,070 1,478 1,111 1,120 153 142 3,265 13,551
1983 4,478 1,080 1,359 1,074 1,135 145 159 3,206 12,636
1984 4,508 1,140 1,670 1,289 1,157 172 162 3,386 13,484
1985 4,007 1,150 1,702 1,473 1,004 166 156 3,428 13,086
1986 4,640 1,265 1,699 1,558 914 167 155 3,458 13,856
1987 4,671 1,345 1,761 1,622 1,061 180 165 3,495 14,300
1988 5,065 1,445 1,950 1,682 1,117 189 176 3,675 15,299
1989 5,736 1,540 2,012 1,752 1,095 190 173 3,887 16,385
1990 6,261 1,560 1,978 1,849 1,073 205 154 4,041 17,121
1991 6,757 1,530 2,008 1,999 1,069 200 140 4,170 17,873
1992 6,977 1,620 1,896 2,001 1,091 177 133 4,340 18,235
1993 7,251 1,775 2,001 1,949 1,038 184 124 4,532 18,854
1994 7,330 1,860 2,165 2,014 992 180 132 4,788 19,461
1995 7,224 1,945 2,287 2,176 1,160 195 135 5,065 20,187
1996 7,495 2,040 2,227 2,217 1,126 195 133 5,377 20,810
1997 7,830 2,050 2,444 2,332 1,169 205 133 5,662 21,825
1998 7,889 1,970 2,306 2,419 1,064 205 135 5,600 21,588
1999 7,980 2,055 2,317 2,363 1,186 204 133 5,752 21,990
2000 8,180 2,085 2,545 2,509 1,244 208 132 6,113 23,016
2001 8,074 2,105 2,575 2,552 1,322 192 141 6,280 23,241
2002 7,860 2,090 2,700 2,570 1,250 200 141 6,440 23,251
2003 7,880 2,130 2,780 2,670 1,290 207 143 6,665 23,765
2004 7,910 2,160 2,830 2,750 1,340 211 146 6,950 24,297

i) 1. Fearnleys " Review" kKYU4ERL,
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fisg &2 WHAOMIBEFIMEEDHRE (2>H— - /NILT - fth)

#REEH avh— I E ST 0 (RDRF) LML (%)
WY | FEL | 8B | TR | BB | TR | 88 | T8 [ SUh— | ALY | 04
1965 | 41,865 160,392 5,307 55,046 1,403 18,757| 35,155 86,589| 34.3 1.7 | 540
1970 52,444 227,490 6,103 86,140 2,528 46,652 43,813 94,698| 37.9 20.5 41.6
1971 | 55,041 247,203 6,292] 96,141 2,760 53,797| 45,989 97,265 389 | 21.8 | 39.3
1972 57,391 268,340 6,462 105,129 3,048 63,487| 47,881 99,724 39.2 23.7 37.2
1973 | 59,606 289,927| 6,607 115365 3,303 72,648 49,696 101,914 39.8 | 25.1 35.2
1974 61,194 311,323 6,785 129,491 3,491 79,438| 50,918 102,394| 41.6 25.5 329
1975 | 63,724| 342,162 7,024| 150,057 3,711 85,548| 52,989 106,557| 43.9 | 250 | 31.1
1976 65,887 372,000 7,020 168,161 3,932 91,738| 54,935| 112,101 45.2 24.7 30.1
1977 | 67,945 393,678 6,912| 174,124 4,313 100,921| 56,720 118,633| 44.2 256 | 30.1
1978 69,020| 406,002 6,882 175,035 4,557 106,545| 57,581 124,422 43.1 26.2 30.6
1979 | 71,129| 413,021 6,950, 174,213| 4,638 108,323| 59,541 130,485| 42.2 26.2 | 31.6
1980 73,832 419,911 7,112 175,004 4,706 109,596| 62,014| 135311| 41.7 26.1 322
1981 | 73,864| 420,835 6,986 171,697 4,736 113,084| 62,142| 136,054 408 | 269 | 32.3
1982 75,151 424,742 7,021 166,828 4,947| 119,298| 63,183 138,616] 39.3 28.1 32.6
1983 | 76,106| 422,590 6,882 157,279 5,073 124,397 64,151 140914| 37.2 294 | 333
1984 76,068 418,682 6,647 147,463 5,229| 128,334| 64,192 142,885 35.2 30.7 34.1
1985 | 76,395 416,269 6,590 138,448| 5391 133,983| 64,414 143,838| 333 | 322 | 346
1986 75,266 404,910 6,490 128,426 5,274 132,908] 63,502 143,576 31.7 32.8 35.5
1987 | 75,240| 403,498 6,490, 127,660 5,099 131,028 63,651 144,810 31.6 | 325 | 359
1988 75,680 403,406 6,565 127,843 4,980 129,635 64,135 145,928| 31.7 32.1 36.2
1989 | 76,100 410481 6,383 129,578| 5,061 129.482| 64,656 151,421| 31.6 | 315 | 369
1990 78,336 423,627 6,609 134,836 5,156| 133,190 66,571 155,601 31.8 314 36.7
1991 | 80,030| 436,027| 6,768 138,897 5,201 135885 68,061 161,245 31.9 | 31.2 | 370
1992 79,726 445,169 6,342 138,149 5,894 139,042 67,490 167,978| 31.0 31.2 377
1993 | 80,655 457,915 6,847 143,441| 5952 140915 67,856 173,559| 31.3 | 308 | 379
1994 80,676 475,859 6,639 144,595 5,964 144,914| 68,073 186,350| 30.4 30.5 39.2
1995 | 82,890| 490,662 6,761 143,521 6,165 151,694| 69,964 195447| 293 | 309 | 39.8
1996 84,264 507,873 6,878 146,366 6,409 157,382 70,977 204,125| 28.8 31.0 40.2
1997 | 85,494| 522,197 6,933 147,108 6,552| 162,169 72,009 212,920 28.2 | 31.1 40.8
1998 85,828| 531,893 6,960 151,036 6,413 158,565 72,455 222,292| 28.4 29.8 41.8
1999 | 86,817| 543,610 7,051 154,092| 6,357 158,958| 73,409 230,560| 283 | 29.2 | 424
2000 87,546 558,054 7,009 155,429 6,342 161,186| 74,195 241,439 27.9 28.9 43.3
2001 | 87,939 574,551| 6,984 156,068 6,476 168,000 74,479 250,484 27.2 29.2 | 43.6
2002 89,010| 585,583 7,294 155,176 6,487| 169,954 75,229| 260,453| 26.5 29.0 44.5
2003 | 89,899 605218| 7,317 159,958| 6,500 173,071| 76,082 272,190 26.4 | 28.6 | 45.0

F

(GE) 1. Lloyd's Register B (199145 F TIL" Statistical Tables", 924 LIEE FEHZEAN  BARERTESHL)
"World Fleet Statistics™) 2>SERL,
2. 10088 L EOMMENRET S,
LINEETCEERBAR. NELRBIEXRBEATHS.
4. L9 FRUTICIE. BAREST,
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183 R3 WROMBEFMRBEDHRE (2> 77 - RILAH M)

& HRAH avT+ BIEHR(LPG) BAEHR(LNG) B MR (%)
WY | TR | S8 TN | 8B TEN | 8% | FELY |30FF ) LPG | LNG
1965 41,865, 160,392 0.0 0.0 0.0
1970 52,444| 227,490 167 1,908 288 1,350 0.8 0.6 0.0
1971 55,041 247,203 231 2,781 327 1,622 1.1 0.7 0.0
1972 57,391| 268,340 312 4,310 349 1,887 1.6 0.7 0.0
1973 59,606, 289,927 394 5,899 374 2,276 2.0 0.8 0.0
1974 61,194| 311,323 412 6,291 399 2,415 2.0 0.8 0.0
1975 63,724| 342,162 419 6,244 421 2,999 1.8 0.9 0.0
1976 65,887 372,000 443 6,685 433 3,377 1.8 0.9 0.0
1977 67,945 393,678 507 7,543 493 4,411 1.9 1.1 0.0
1978 69,020| 406,002 531 8,674 536 5,530 2.1 1.4 0.0
1979 71,129 413,021 594 9,996 580 6,676 24 1.6 0.0
1980 73,832 419,911 662 11,274 631 7,393 2.7 1.8 0.0
1981 73,864 420,835 707 12,292 678 7,959 29 1.9 0.0
1982 75,151| 424,742 718 12,942 722 8,785 3.0 2.1 0.0
1983 76,106 422,590 786 | 14,194 750 9,079 3.4 2.1 0.0
1984 76,068 418,682 940 16,913 778 9,889 4.0 24 0.0
1985 76,395 416,269 1,011 18,364 776 9,965 4.4 24 0.0
1986 75,266 404,910 1,064 19,609 770 9,832 4.8 24 0.0
1987 75,240| 403,498 1,093 | 21,089 77 9,784 5.2 24 0.0
1988 75,680 403,406 1,115 | 22,109 772 9,765 5.5 24 0.0
1989 76,100 410,481 1,122 | 22,735 789 10,054 5.5 24 0.0
1990 78,336 423,627 1,169 | 23,900 814 10,656 5.6 2.5 0.0
1991 80,030| 436,027 1,249 | 25,980 877 11,466 6.0 2.6 0.0
1992 79,726 445,169| 1414 | 29,745 921 12,376 6.7 2.8 0.0
1993 80,655| 457,915 1,461 31,662 946 13,113 6.9 2.9 0.0
1994 80,676 475,859 1,603 | 35,102 948 14,039 74 3.0 0.0
1995 82,890 490,662 1,763 | 38,742 985 14,899 7.9 3.0 0.0
1996 84,264 507,873 1,949 | 43,097 1,034 15,833 8.5 3.1 0.0
1997 85,494| 522,197 2,187 | 48,859 1,045 16,576 9.4 3.2 0.0
1998 85,828| 531,893 2,382 | 53,242 957 8,364 108 8,755 | 10.0 1.6 1.6
1999 86,817| 543,610 2,457 | 55,255 978 8,649 113 9,280 | 10.2 1.6 1.7
2000 87,546 558,054 2,590 | 60,201 999 9,006 127 10,650 | 10.8 1.6 1.9
2001 87,939| 574,551\ 2,756 | 66,767 1,025 9,398 128 10,780 | 11.6 1.6 1.9
2002 89,010 585,583 2,918 72,873 1,014 9,155 138 11,820 | 124 1.6 2.0
2003 89,899| 605,218 3,055 | 78,435 1,027 9,573 153 13,195 13.0 1.6 2.2
(GE) 1. Lloyd's Register & (199145 F TIL" Statistical Tables", GEHEN  HABR LTRSS

924E LA X ""World Fleet Statistics” ) I BERR,
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18} =4 HRAZEOEEFIRER
BER: XI0°RL

s | 2ER GES nE M HE Zoth
BER | BAR | HEW | BER | Lo | BER | HEW | BER | HEw | BER | HEW
1970 20,980| 10,100 48.1 2 0.0| 8481 40.4 2,397 11.4
1971 24,388| 11,132 45.6 16 0.1| 10,388 42.6 2,851 11.7
1972 26,749| 12,857 48.1 15 0.1| 10,589 39.6 3,288 123
1973 30,409 14,751 485 14 0.0 | 11,865 39.0 3,779 124
1974 33,541 16,894 50.4 313 0.9 | 12,544 374 3,791 113
1975 34,203| 16,991 49.7 410 12| 13,070 38.2 3,732 10.9
1976 33,922| 15,868 46.8 814 24| 12,714 375 4,527 13.3
1977 27,532| 11,708 42.5 562 20| 10,731 39.0 110 04| 4421 16.1
1978 18,194| 6,307 34.7 604 33| 6,625 36.4 31 02| 4,627 254
1979 14,289 4,697 32.9 495 35| 4,686 328 4,411 30.9
1980 13,101] 6,094 46.5 522 40| 2,965 22.6 3,520 26.9
1981 16,932| 8,400 49.6 929 55| 4,129 24.4 30 02| 3,443 20.3
1982 16,820|  8.163 485 1401 83| 3.865 23.0 135 08| 3.257 19.4
1983 15911 6,670 419 1,539 9.7| 4,455 28.0 185 12| 3,062 19.2
1984 18,334| 9,711 53.0 | 1473 8.0 3497 19.1 329 1.8| 3,324 18.1
1985 18,157| 9,503 523 2,620 144 | 2,958 16.3 166 0.9 2,909 16.0
1986 16,845| 8,178 485| 3,642 216 | 2,061 12.2 258 15| 2,705 16.1
1987 12,259| 5,708 46.6 | 2,091 171 1,977 16.1 286 23| 2,198 17.9
1988 10,909| 4,040 370 3,174 291 1,714 15.7 254 23 1,727 15.8
1989 13,236| 5,365 40.5| 3,102 23.4| 1,959 14.8 326 25| 2485 18.8
1990 15,885 6,824 43.0 | 3460 21.8| 2,849 17.9 367 23| 2,386 15.0
1991 16,095| 7,283 453 3497 27| 2,890 18.0 310 19| 2,116 13.1
1992 18,633| 7,582 40.7 | 4767 256 | 3,406 18.3 361 19| 2518 135
1993 20,538 8,932 435| 4,664 227| 3,734 18.2 737 3.6| 2470 12.0
1994 19,669| 8,648 440 | 4236 21.5| 3,203 163 1,080 55 2503 12.7
1995 22,652| 9,311 411 6218 27.5| 3,803 16.8 953 42| 2367 10.4
1996 25,837| 10,149 393 7380 28.6 | 4,949 192 1,103 43| 2255 8.7
1997 25,537 9,883 387 8229 322| 4,020 157 1,480 58| 1,924 75
1998 25,464 10,272 403 | 7250 28.5| 4,445 17.5| 1,466 58| 2,032 8.0
1999 27,822| 11,052 39.7| 9,161 329 4,141 149| 1,585 57| 1,884 6.8
2000 31,696 12,020 379 | 12,228 38.6| 4,032 127 1,647 52| 1,770 5.6
2001 31,292| 12,024 38.4 | 11,608 31| 4,124 132 1,827 58| 1,709 55
2002 33,383| 11,957 358 | 12,967 38.8| 4,050 121 2207 66| 2203 6.6
) 1. 19924 FTIEO A PR 4 GEREAN HAEM TERRA)

2. 1993FE A 52002F £ TIEOAF#EE “"World Fleet Statistics”
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