s 4

HE A SHAAM & HXHIE 5AR §l=

+

131

ARG A HS w

P
T*

Methods of Incorporating Design for Production Considerations into

Concept Design Investigations

H.S. Bong*

2 %

ofels) A5 Adute] JAdAo v 44 dH A
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olejd AgEL AAAYY A 1A (stage)ol A 9
A, dAdAav et dAe AFFel 2HE 5 Q
or, Avbolvt HATZES Hubdq AHAWHE
(design methodology)¢ AAd &z Fch=d ‘PAA G
A A A (Design for Production)’ 2] Z7lo] =& Aw}
7 2 A = (build strategy), 7144 (purchasing policy)
3} 4 A7) <= (production tdchnology)el A =Y L& =)
Ao} ghe] of -2l Ao} {hrf.

ol CIMSS g¥ R e vl 22 A4
e, A4 € A4AY Aanle 2902 o 2
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o] AAIE AYs7) A7 A4l 53 H3Y 3
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Adke] Aol vt 7z WMAE A2 WA 7}
HA For 54 BT F UAEEF AAAY FHE
Wi 7EA 7 2wl 2A Al st gl

o 2] 7}=] 2] A A ok (alternative design arrangement)
S+ A58 BE T ol F4 AR JIE F Y+
5 27144 dAdA AA ¢ gdddd ole ¥
8 2 A" Aoin, tTu HAZF dAH Ja
HelAs AAAA T F 9dod o v& F=

AadA 19909 7€ 259

* A3, d5-ZAF4EF)

23 wrAdd Zeolvh. AATHH AHAP4A v L A4
3] 4d T A A dAGE HE AR HE
B Fabd g ulgE A& vzdnrg, F3A
FgAl ol A AA Al AFHH AHYUE F4AH
A8E 7|F2 = 3lo F 7 Zu](total production cost)
E Ha4E e FAY A ANY S UEE § F
Aol

olA] o]o} e Az¢ AA EF(design tool)F A
T FozA 2744 4% 4438 A A4
4 AXAg7 Bt ES HAsgY. E =E2
G 39 w7+& d 8z (Univ. of Newcastle upon Tyne)
AA Sel A7 54 ET BHdtd A2 A7z
AA e AL AdTFAFAE 2Tz Yo, B 4
AdTFE 5HA 2 TEE £

(D AH#H 2 2s o] gstz F4AH v o] e
ol 9 dAAA F2Y A (geometry) & Fo3}z F=
-3 24 (scantling) Al4k/2 3

(2) &% & (block division) @ 7= ] (panel
arrangement)®] 3 & s FArE L Az
Wt FE AF

(3) 47 (D 2 (2% F83to ofal 4 44 =A
o e} AAkEe E4(work content assessment)

a) A4 £u] kA (Preparation)

b) 1% 2% =4l (Fabrication/Assembly)

c) gA <A (Erection)

(@) 779 AA ()l A stel A &v (material cost),
ol Au} (labour cost) @ ¢.¥#] = u]-&(overhead cost)
2 A2 A% 2] AL L FF F AL

(5) & A=z u] & (total production cost) & A& 3}
ztzbe] A g w2 AE,



132

B A4 WAL AAFEA(Bulk Carrier) 4 A of
A 23t Fzu] X (structural geometry), EF3}g] A
= (levels of standardisation), %4 4% (structural
topology) 59 Wil vt& AA A =S ¥
%ﬂ(senéitivity studies) st o}, A AR = AA Ao o
a8 AL Lol 317 9 VAXY A4 e
BAE o) &3t 2 AA el A F2IAH A E
A, Az {F T AAE ¢ QnF Heh

AeAdoz ¥ d¥E AAZAMNA R4 A

zu] 29 (detailed production cost model) & o 5
sy AR A AFAA % ) Eahd AR 4

Ae =23 waAEE AE3] A F IYEE 3
2 EE, 4E AR AAARE 27 AA ud e
Hz9 Axgtz 9ov, AAA %4 (Design for Pro-

duction) = AAFok W] BE =Fe] HrlE
A =4 gech Hzz B Az dA 444
HE FEo gk &3, FAF HEL
(4] = (7% F= 293,
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Depth Moulded 24.0m
Design draft 16.5m
Scantling draft (B-60%) 17.5m
Block coefficient 0.853
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Table 1 Calculated and ‘As-Built’ scantlings
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1 Scantling(mm)
Part ‘ Member
) Calculated Built-ship
Main deck Plate 30.0 HT 30.0 DH
Longl 300%30 FB 300*30 AH FB
Sheerstrake Plate 30.0 HT 30.0 EH
Longl 300*30 FB 300*30 AH FB
Topside tank sloped Plate upp 18.5 MT 18.0 AH
mid 14.0 14.0 AH
lowl 15.0 14.0
low?2 15.0 14.0
Long! upp 400*30 FB 350*30 AH FB
mid 500*150*11.5/18IA 500%150*11.5/18IA
low 550*150%12/21TA 500%150*11.5/18IA
Topsidetank side shell Plate 25.5 20.5
Longl 500%150%11.5/18IA 500%150*11.5/18IA
Hold side shell Plate 20.5 20.5
Trv ord FR 450%125%11.5/18TA 600*12*150*18 T
Hopper tank side shell Plate 21.5 20.5
Longl 350%100*%12/17IA 300%90%13/171IA
Hopper tank sloped Plate upp 17.5 18.0
mid 20.5 21.0
low 23.0 22.5
Longl 350%100%12/171A 350%100%12/171A
Bilge strake Plate 22.5 23.0
Inner bottom Plate 23.5 23.5
Longl 400%100%12/18IA 400%100*12/181A
Centre girder Plate 20.5 20.5
Duct side gir Plate 20.0 18.5
N.W.T. side gir Plate 16.5 16.5
Plate keel Plate 1900*24.5 1700%25.0
Bottom Plate 22.5 23.0
Longl 350%100*12/17IA 300%90*13/17IA

(1) Fz84 A e JF

of 2} 74A 9 F-abebul 4ol WA 7heA Foll topside
2} hopper side tank®] ¥4 Wil o E F}E Ay
B9k},

2% zero slope designgd Fig. 2¢] o]z glow,
Table 2 2 3] 8.5 d&v), F4
3= inclined bulkhead®] slopei= ¥} 2k
17% (upper tank) ¢} 30%= (lower tank) 9 & & 4= 2+

(2) %23 (Standardisation) A x9 Aojdte] wE
o &

&3

o xEFA R ¢

B mati

Zu & Hi

Az 2Adavid Badg. Ao YEA
=9 AR A4, block division3}

IEEEERES in & Fl"‘v’i:j
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Fig. 2 Preliminary midship section showing block

division
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Table 2 Sectional area and steel weight vs slopes of topside and hopper tank inclined bulkheads

Slope (()tfiegsl Ikheads Sectional area (cm?) Steel weight (tonnes)
Topside ’ Hopper Plate ! Section Total Plate Section Total
0.0 l 0.0 46, 326 9, 068 55, 394 713 308 1,021
7.0 18.7 45,419 9,491 54,910 710 270 980
16.8 29.7 47, 203 9, 859 57, 062 720 194 914
32.3 44.3 46, 964 10, 709 57,673 736 183 919
(basis)

Table 3. Production cost variations with slopes of topside and hopper tank inclined bulkeads

Sloped angles(deg) Production costs(pounds)

Topside Hopper Material Labour f Overhead I Total
0.0 0.0 223,927 151, 470 ] 28, 488 ‘ 403, 885
7.0 18.7 215,153 154, 754 30, 191 400, 098

16.8 29.7 199, 991 155, 404 30,192 385, 586
32.3 44, 3(basis) 201, 249 158, 571 30, 781 i 390, 600

blocke] A<, block @749} F% 5 T4 yard
standard & A44 ez A &eEr 9ol Fa3 As
=t

yard practice % 714, % block divisions] ¥ 3}
of g a5 2%e) Bokeh. block A< 47)~87
ol 67FA 8 M & divisionZ w& AR u, o
29 ARE E71F Table 45 v 2429 319 2
£ AH, crane 59 A4 Lo] LE G 47
9] block divisione] 7}3} %elsts, o] 3 84 block
division®] 7% B} 5% FHzw & z3e s}
AE ¢ Yt ¢ F dsh

Fig. 2% top side tank7} zero slope® 2t:= ZF g
Hggers 409 blocke 2 2348 AL Be=c),

Table 46} 4} block A% “5.172 “5.379] oju):
5749 blocke & 235 TFzo|u} block joints] 3

Table 4 Production cost variations with different
unit divisions

No. of Production costs(pounds)
units Material i Labour i Overhead ] Total
)
4 ! 223,927 | 136,278 24,290 | 384,494
5.1 223,927 | 137,348 24,603 | 385,878
5.3 223,927 ‘ 143, 003 26,112 | 393, 042
6 223,927 ‘ 144,073 26,425 [ 394, 426
7 223,927 ‘l 144,745 26,666 | 395,337
8(basis) 223,927 | 151,470 28, 488 ‘ 403, 885

7b Aol F2E W4 F¥sd 1YY 2o,
(3) Transverse Frame Spacing®] # 5}e] w2 o g
& system frame spacings} longitudinal spacing

T HAAANAN FF Z AzuE A% wz A

EY g FAH 3lE v, B =2dA]: transverse

frameo] % A% )48 2}, Transverse web

frames} floor®] spacinge hold W ¢ frame spacing
0.8me] w2 A floor: web frame spacing®] half
interval2 4= glc}, Table 59 Fig. 3& 0.8m~
4.8m7tA 9] 671 ¢ A2 & web frame spacing &

e AAe A% Azv HEE P gy w

€ 4% longitudinal spacing- 900mme] <},

Fig. 3914 A4n T4& 1.6m web frame spacing
ol 4 Hart 5, spacingo] Weol=<E Rule scan-
tlinge] AR o2 AQu & 2713,

whedel <17 ¢t overhead cost: oo Fakg u

Table 5. Production cost variations with alternative
transverse web frame spacings

Web frame Production costs(pounds)

spacings
m) Material ’ Labour ‘Overheadf Total

0.8 186,034 | 185,169 f 47,617 | 418,820
1.6 185,080 | 168,517 40, 204 | 393, 801
2.4 186,854 | 159,262 | 35,492 | 381, 609
3.2 191,346 | 157,479 33,137 | 381,961
4.8(basis) | 201,249 | 158,571 ‘ 30, 781 | 390, 600
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- . preparation cost Z7FA 717 = Folvh. Fehdd g
N [ sectional area, %7 % preparation cost Table 6
ol A wlszs o] gl
A}Foz FAzuE 2.4m web frame spacinge]
A HarkAE & 5 U
(4) Unit Cost9} Labour Ratee] W 3je] wt& 43
Yol AAF AFAZo] o] 7}A 2] cost parameterst
W] e} ol W FFE HEAE gotre I W
Zulgle ool obd 4= glvt. wetA unit material
cost(CM), wage rrte(WR) 2 labour manhour rate
(LR) (labour manhour rate¥ “inverse performance”
#rE A4E)EL 7149 CMo, WRo ¥ LRos]
Zbzbell 0.54, 1.54 & zhem t}A A ALsle] tran-
sverse web frame spacing g 0.8m~4.8m =] 9] F2
zu & 2 wyor uad Hakeh,
o x3 k" L) Material unit cost®) W3lo)] W& < o] Table 7
VEB FRRE SPACING (om) 2 8o a9He] gl ul, AAu I 39 sF FA4F
Fig. 3 Production cost variations (conventional of met & Azu = 55~65% FtY o, HA frame
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Tnble 6. Comparlson of some results with alternative transverse web frame spacmgs

Web frame Sectional area (cmz) Surface area (cmﬁ) Preparation
cost

spacings(m) Plates 1 Longitudinals Plates Sections (pounds)
0.8 48,938 l 5,421 8,238 I 1,545 65, 580
1.6 48, 890 5,323 8,238 1,519 65, 363
2.4 48, 494 6, 140 8,238 1, 740 67,202
3.2 47,721 7,79 8,238 2,193 70, 966
4.8 46, 964 10, 709 8,238 2,991 77, 605

Table 7 Production cost variations with alternative Table 8 Production cost variations with alternative

web frame spacings for lower unit costs of web frame spacings for higher unit costs of
materials (CM/CMo=0.5) materials (CM/CMo=1.5)
Web frame Production costs(pounds) Web frame Productlon costs (pounds)
spacing spacing | _
(m) Material | Labour ’ Overhead ‘ Total (m) Material ‘ Labour ‘ Overhead [ Total
0.8 93,017 | 185,169 47,617 | 325, 803 0.8 268, 166 ! 185, 169 47,617 l 500, 953
1.6 92,540 | 168,517 40, 204 | 302, 261 1.6 267, 049 | 168,517 40, 204 | 475,770
2.4 93,427 | 1589, 262 35,492 | 288,182 2.4 268,693 | 159,262 35,492 ¢ 463, 448
3.2 95,673 | 157,479 33,137 | 286,289 3.2 273, 035 | 157,479 33,137 | 463, 651
4.8 100, 624 | 158,571 20, 781 | 289,976 4.8 283,598 | 1 58, 571 30,781 ‘ 72,949
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Fig. 4 Production cost uariations with wage rate
reduced WR/WRO=0.5
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A2 o wage rated] AT JFE 25 FAR
ot 27} 50% ¢k 150%°] @§ A% graphz viehd]
o] Fig. 4 2 5ol vtebdl ul, wage ratest ¥obAd 45
ZA2¥ S Ha2 3= frame spacinge AXNE A F
(%, 2.4me] A 3.2m=E AL & 5 givh.
Table 9. Production cost variations with alternative

web frame spacings for lower labour man-
hour rates (i.e. in better performance;
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Fig. 5 Production cost uariations with wage rate
increased WR/WRO=1.5

wpAloto 2, lgbour rate(%, manhours per ton)
Walsl 34 Az fAE 982 Table 9 2 100

el ol o Ad 2 labour ratert E&5E W
spacings] A (F, 2.4mEt} 3.2melA) Azw Ha

A7 vhehdeh, zEER A4l Fe A4S
frame spacing® Zoj& AA7 AAAE ST Ao
2 % % aa

Table 10 Production cost variations with alternative

web frame spacings for higher labour
manhour rates (i.e. in poorer performance;

LR/LRo=0.5) LR/LRo=1.5)
Web frame Production costs(pounds) Web frame Production costs(pounds)
spacing - spacing -
(m) Material I Labour Overhead | Total (m) Material 1 Labour ‘ Overhead l Total
0.8 186, 034 ’ 92,585 23,809 | 302,427 0.3 186, 034 1 277,766 ! 71,436 | 535,235
1.6 185, 080 84,258 20,102 | 289, 440 1.6 185, 080 : 252,784 60,314 | 498,179
|
2.4 186, 854 79, 631 17,746 | 284,232 2.4 186,854 | 238,901 53,246 | 479, 001
3.2 191, 346 78,740 16,568 ‘1 286, 654 3.2 191, 346 236, 225 49,712 | 477,283
4.8 201, 249 79, 285 15,390 | 295,925 4.8 201,249 | 237, 862 46,177 | 485, 288




