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PRIC ING DISTRIBUT-IONS FO:1 SUBI.lIRGIH' t) PRISSURE I IULLS 4

Vicior C. Anderson and II. P1. Rumble

University of Califarnia. ,San Diego
Marine Physical LUboratory of Itic
Scripps Institution of O-ceanograplhy

Sin Diego. Ckilifornia 92152

Prices for fabrication of steel pressure hulls suitable for submergence to

several thousand feet were solicited from several hundred manufacturers.
Thw information submitted by the companitnes responding is presented without =
identification. The mean value of the price and -)f the unit price is slhiwn fo;r
each of seven alternative designs of pressure Ihil. j

ACKNOWLEDGMENT facvrlng pressure tanks with a request, Appendix
for 'bali park" estimates of the price of each of

The cooperation of the thirty respondents in ..*veu, alternatives ehown on Figure 1. It was hoped
furnishing daita and In permitting this analysis of the that the data in the replies would be helpful In de-
price information submitted is appreciated. This termining the relative merit of the seven alterna-
paper represent, results of research spoilored hy tives from the cost standpoint.
the Office of Naval Re.searchiand Advanced Research
Projects Agency. A total of thirty replies containing price data

were received, hut coincidentally the financial sup-
INTRODUCTION port of the project was greatly curtailed. forcing a

def.ermtnt in the procurement. Inasmuch as these
In the fall of !071 this Laboratory initiated responses were valuable in themselves, It was do-

an experimental investigation of the acoustic back- cided to analyze the price data received and publish
ground in the ocean. During the preliminary design the results. LEach of the thirtycompanies concerned
of the experiment a requirement arose for cylindri- gave twriimiisionto use the data furnish.d In the pro-
cal vessels capable of resIsting the external sea posed analysis and expressed an interest in receyv-
pressure to a subiiiergonce depth of several thou- ing a copy of the results. A
sand feet to be used both to hoiuse electronic instru-
mentatlon and to provide several tons of lytiooancy.- DATA BASEl
Selection of materials and hull design obviously
would bie predicated primarily on cost factors anl For ready reference the identification of the %_
so, as a guide to design, We tuined to industry, seven alternatives of Figure 1 is summarlzod in"Tablle I.-

A prenliminarv sketl design, Figure •, was

prepared a.al sent tt about 375 companies listed in Table 2 shows the data received. Where
Thomas Register as being In the hu,%iness of manu- necessarv, the data has lxoein converted in order to
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put all j'rhce on ,i unifmorm basis. In those cases~ in DISCUSSION 01F RElS1,11l'S

iffttvight -ww; ti"-e to clulate toit, prlice (do~rs The wide snpread in -the price; fuflira-hei was

lwr patwid). Wtiere-u11 estimated i~vight i fur- --urprishig. Several factors can be listed as-probe

tK unit prica.-Yather than-a total pzice. His total price little tithe on the ustimate. The, specificati~ons were
re ~~~W-ts calculated using MLwih n i ntpie nopeei htcntUt~cd curpýts
i r ~ in Vachti st.ance in Table 2- values supplied by MPL testinig program, sundblulsting anti patiol~ng were not

:oiu talm-calculated-by Mll. are indlicatcd-by being mentioned. Sume responde nts itwitded some or all
of these-itehis wle others did-iout. A ptissibie lack

tiiididetl ini I11relntlivs~5. 0ol o aeocurdi
(if familiarity with Work ,f- the type being ebimSidered

Three of the. respondtents furbished price die- mlay have caus~ed ain abnorinal price- (deviation forJliverctd jniSant Diegou with tit)indication of the anmount some resliondents which wudnthv curdi
mndcuded-for transportation. 'rhvse! prices wer~e ad- a carefully prepared competitive hid.
justed to elinliflate the cost of trantsporitation based

-oil inforniation fum - ii b t w- xa- ra__jlro~ad freight -Thlt variation In-weig nt, estin ala es * hig hei t A

t-abov iticnmest waenhees bys srLpriOffice. Trhe resulting total mianufaictuiring piiceifig- being-sonic 35%aveh-lwtwsalouri-
*tis re encitisedfin Iodt-uruhs-8 ng. We-dd not-request a weight estimate~ ann it fr.-

assumet!vr -kiit timie -as seabythe rsPn

ANALYSIS OF -tilH DATA

-Figures 2a and 2b-show a coniparison- of-the
fit of- the'data to a-lint, whe euuIiidithun CON.LUSIONS

are- plotteti on linear and-on logarithnic'-probability
paper. B-y visual insjectioh the data call be seen to The olrinal intent was to-as-certain the cost-
-fit a u.1g-normial-dis4tributioin bei~atwu ie or of thc penatulty, if any. In going to I IY 100 titter-id1-instead-
fpoints -lie close -tou s-traight line ontibeloglipaper. of ti4Y's0 niaterial. The latter has-been used exten-

sNfycyand thefabrication procedures are well knowni.
-For each alternative the values, of total price TilL-lW 1CA). on the otheir-hand. has been used much

and unijt price front Table 2were-plottd on-tlog prob- less and requires more care during f'abrication.,
ability paper,- Figures .3 -through 16i The mefian Struictures built of lIN 10)0 have-the advantage of be-
value was determined graphically by fitting a( line t6 itig lighter In weight for a given application.

*the data points -in the- middle ptertlion of the-range,
rejecting, the ptointu; a t each end. The mean of the The Information- furnished! is not conclusive

qiaetlop-nrma distjluix -sJs h value althoh the indications ate that BIY 100 may be
~~uivalon rmand th stadad dvition wsjstter

-at- 50,: probabiliW, 'Usigte gultt o slightly less expensive- than 11V 80.
-points, -the ma adtesadr ivainwr
cicuauited. "rb 3uuale h~eut fthese Anotheraim wvas todetermine the cost advan-Iawilyses. tage of an unstiffentkd -cylinder over a stiffened Cy-

llbider. Comparison of the mean value-; of the equl-
-To- deonistrate -itie cosw agieellient in the -'va lent log-nornial -distributions Uor totalI price indicate

pread gft~da a ibigte sevenalternat -s, Fig-7 Anyaota1%avnaeo h tfee cylinder
- ores-17- and lBAIVierc prepared -by drawing the uior- ovr the 'thotr. The price per pound :or thev untitif-i

nialized probability -leof all the -alte-,natives with fented cylinder, oin the other hand, is mutch less, due
a mean vahie of J. 0. primarily to Its much Irt ter weight.

24
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TAB1LE IDElNTIFICATION 01: ALTERNAUNI-s

Diametier Stiffened or-

1 6 S HV 84)

2 6 SIIy ItOU

3 3 fl 80Y$

4 3 S fly IMU

53 U Iýy 80,

03 U flyv 11K4

3 -U lif1 (42,W00 ps yieldf

4
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TAIIIJ' 2; PRICE AND WEI(;IIT DATA

Aliernative I Altrnative 2
Towi "t Price , \I Jght I jc
W ig •- ia i ( u l a--1 ! " .•_ ..l i , :(Pouiis) I (Dollra

43,000 I 60,000 -(0.72) _42,000 : 57,000 (0.74)-4 I 3,690- 61,920 0. 1- -44 A134 5 -7i674- '0.7 --M
; I 1,•225)) :(59;,7801 -0(.811, 10000)) -(5%1S•9)1 -(O. 8)

50,00l --0 (780) -(0.84) 48-500 -(55619) I (0-86)
533!9.00- (59,780) (0.89) :-53•R01W (557619) (0.97)

__ JO~~• - -1• 1) :(e) 0•40- 1$ 1) - 1 I, i --

-- 36i312 . 68 2 (•,_O - 67,49s (,487)
62.7500 -60005 (0.1.) 10 56000 -57,89 (0.95)__ - -V0 )A MO

-- i~ : 290-_ (59-,780) (1.041) 1 15 ,00 (155, )619) (1 81
6,60--•:2•210 ---(0.81)- 64,55 78,111 (0.53) -jWA774 # 7

ý:((74,952)y, - 160 (;5 (6,6) 674-36 U (101)
(5941-.30 1L 5-000 M6-0 (134M ,
-62 -9000 (29) 79,0002 (-510 (30i) n)j_ 8, . i (59K,740.) (1,7) -78,690 (55M-019) t (1.3) ;:

__ -i i -i -- # ___

_i~j 84 -_(ý9.780)- (11.40)` SNOW000 (55,619) p4-8500 t'5-000 (1134) S9,000, -(55-619);(10):
-295,~~ --s- :!- 50)

.. 9 S970 1,6 000 OU. 15)•

4 _01, 9,20 74,00 1.3) p2000 (55619) (1.66) Jgo15;0(5,8) (.7) 9,0 72,500 J (1.38) 1"I' -W960- -(59,7S0) (1.82)- 1 0248 (55,619) (185)
A10,000 (59,780) (It (184 05000 5,-)j 16)IUi -'1,0 066,000- (1.67) 1000 j(5,619) (1.91) i

(122-549) 1(9,70 ' .5 ~18,0T 6240 19)I
1322_ -(59,80 -(.2)0i1279)1 (55,619) (.6000 16216 (97&0)- (2.71) ( 16734 (5219.301)

334,*9 (59,710) 2 (.059 1 318-,03 1 (6219) (5731)
-98 - 600-15 - (2 04 --j 1 s20 I :S6 (.18

- IW 1 6I7M069

(5,70 V 6.4 3AI

-334 O49 --- -037 1 ( -73
L5
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(Continued)

Altentriii~ve : AItvrtuiIjvc 4-

Wc-*1 Unitj* Pm'~u'~) :f llzt/ 'I) 9at Price) WkWu'uk) hv1 BiPrsice~
mill) r ,7 7 - I I -iI.

_.4) 1: 1,241) 14,344 (134)
-(1.38) 19,4W 1.0) ( 0

.340 0ii 707) (290 15) i

I- .~390 @ .j (1.32) ;09ti,468)) (12,986l) I(1.50)
(!.j iJO 0 .49) 21,400 (12,9801) (1,65)

,(W) 5) d t2,54 -19,619-

2449(1 30)- j (24,281))_ A -18,148 (.8
27,3S _1--lt~ll (177)-If 7t 65-0 14:1 W(1ý.96)

_30,915 _27j830 (1 -11 (2-2S A 12,&9_8b± 2.25
_(33 09ij -(14.-707) -2.l ' i~ ,24) 16,800- -09)
34,00 1,O 2 33,#000 4 5(X 2420)

M -(34j7l9))- j U.'13 13.468 - 32,-935 - (1.0(2)-

35,420 (114,.707) 42.40): -1 .14,90 (11,98) (.9

(0-0 14,ý707) -(2-72) i~40,000 (12,9 -80) (308),
42,05(1M -19 50 218) h42,0 j(2980y~ (3,24) -A

44,982 I(14 707)- -(.1.06) Ii42, 720 -(12,980)- (3 29)
46,69 17-067 (77)-4339 (2980) -~34)

46,920- (14._707) i31Q 45,394 15,407 (2:94)

48,925 -(14j74)7) (3j 3' 845 ~ 12- 90) (3 73)
49,606 (114,767) (_3 .3-7) 5.~ 1,950- 0 2,9w.))_ (4.00

54,300 : 16,300 (3.33) ~'5700 24,00 (2 3) !
55,(K) 2~ 00 (2.20) 67,000 _12#980)- (5.16) :

68,000- 1(14, 707) :46) 167-172 (12-,980) (2.88
91,579 (14,707) (6 2 )+

22.41 14.,I1'I :(5.134)

I IM

S AM
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'rAoLI-' 2. TMUCI I ADXVI:10111 D:

(Continued)

Altorntutive-5 Alternativc .6-

gTotal Pie Vigt 1 iiPic orice ce- VAit UnWICrie C

U~Doldr~ -( ~ntzd~) (Do1ur~/.bV'(Dollcrs) J (Pound.0- lIi~S~~

.1 22,800 (3,4) L (0.73) 23,60 (106 (0.7)

23-So00 33,000- I (0.71) 24,001) 33,'000 1 10.3),

27,575 -16,577- (0-.75) 27;PP0 (31,046): ( 0.87)

t~28,0O0 (31,046) I (0- 90) -28;Q72 36p577 (0-.77)-T
~( 28,82)) -306;16 (0.80) -((29;392)) 36,160 (0.)

((29i668)) 35,469- -084) ((036) 35450]

29,875- 32,0150- -(0.93) -30,450 32,150 -(0.-96)

-- p 31,672- 32,75 -((P97)-ý 31,t672 32,765- (0.9-)-

3 M __(_3_1,04_6)- -L3 -33 -W04- 34,00 (0-:97) d--

I. 32,500, _34- OWK -(0.-96)-I 3,3j. _(31,046) (.7ý

'34-000- (31,0O46)- (110) 43,000 (31,46 _(1.39) j
1 4110880- ;(31,046)- (1L35) 43i 43150 34,P200 (126

42,500- -34,200~ - (1-25) -i43,541 -(31,046) h.4O)

43,00 -(1046)ý =1(1L39) I 45,000 -35,000- (1._29)-'

-44.05,000. 45,210- (LOY6 46

44,000 -(31,046)- -(L 42) -I4,7 - 338 (1.39)-

h 45-_860 33,388- (1.37)- 50,000o -(31,046)_ (1-.61) i

1: (52,-778) -(31,046) _1 i-7 (52778) -1.06 -1.-70-

;! 55-000- 3 -,06 UM90 - PO (3,4) . (L-4-

-5700 j(31,j046) j (1.84) 1690,(W (31,046) (1-.93)-

6574 31,644)t (2.12) i67,094 1 (3 1 046) -(2i 19)
67,60 (3,04) I -1.8) -) 7140 3,46) -(2-.30)-j

80,877 -(31-,046) 1 (2.60) ]~84-,793 1 (31-046)ý _(2i73)-1

11,64 3104): -(3.60) 1!109,985 j(31,06 ~ (.4) iI

11--61 (3,4Y06 I.

I -t

* I
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FF

(Continued)

Alternative 7 Alternative

Ir-Ii
L1"afrie yig b.t~ Price Total Pr. - %elght I Unit Price I

(Dlar& Dolr rsI)

19,000 (38,047) 1 (0.50)

((20,278)) (38,047) 1-(0.53) 1-100 (38,047) (06) I

22,;374 42,949 (0.52)
-((23,111)) 43,568 -(0:62 II

2-0 -4020 - Ii 6)
25OO (389047) 1 (0.66) ~I

((2~,09)) 45051 j (0.56) i
.' 25,200ý (38i07 (066w I

25p,450- 39,100 -(0.65)-
-26,000: 40,000ý (0.65)

34,990 -39,178b (0.-89) :26,7A0 40,00 O6hI
-34-,925 43A (0. 83j_-
35-0000 (38,047) -(1.13)
36000- 43,000 (0. 84)Y

S -0 (38,047) (0.95) ~

38-374- -(38,047) -(1.01)
39,906 -41,000 -(097) Io~II

(47' 558 13,4) 12
50000 (38,'047) --(1.324)

567,5658 (38,047) 1 .(24)5 I

66,12 1 (38,047) 1 (U ý
69-,721 (38,047) (1 83') I

11905 (38,047) (3.14) 1

I AI
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TAMLIE 3. SUMA\RY OF ANALYSI-.S

Unit price (doliars per pound)

Mcan and standard Mean of fitted log
Alternative deviatlo.i of data sets normal distribution

1 1.53 ; (1.92 1.32

2 1.60 ; (,90 1.35

3 2..3 ; 2.64 2.16

4 2.78 ; 2.6i 2.27

1.37 :0.68 1.29

-6 1.42 ; O1.69 1.28
7 '1.12 ; 0071 0.91-

Trotal price (thousands of dollars)

Mean and standard Mean of fitted log

Alternative --deviation of data sets- normal distribution .

1 Y5.1 ; 54.1 5*.O-

2 92.3 ; 52.7 83.0

3 44.9 .18.2 35.5

4 39.9 ; 28.3 33.5

43.7 ; 20.4 39.0

6 45.3 20.7 40,.3

7 38.5 ; 20.7 34.0

N-

I

I

___ _ 4
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APrFI:NDIX I

= t'%lVI*:IISlI'v OF (XI iro1)KIA. SA% DiwCO

oill * k# I% 0% 1% 10% 4NO It, IMAIVMIW %4 INU k4 rRN't SANTA SAVA4A 4v%*TA CKIsTv-

~,1-111*1I%%1 ItI 1141% .10,414 1 l % 11#1144

November 10. 1971
MPL File: 02 -U -60

Attention: Sale Mage

Subjct: Request-for preliminary cost- iniformatiosn and Intrs nbdig P~esporme
requested by December L, 1971-

Gentlemen:

-111C Marine Thyslcal Laboratory has initiated a reseArch program that will kequire-several
cylinders capable of wvitlistantling-extern-al .wa pressure (fr equipment Installation. In
calueidar year 1972'. as the program develops. we expect to z'olicit fixed-iprice bidsl (fo
conustrtictibn -of two 6-ft and two 3-ft-cylinders; of a finalized design. In order to establish
a basis for itelecting the material for construction of( the cylinders, approxiiiiate cost
figures are desired ofo several-alternathici cylinder configurations.

if ttir Company wol -eitretdin bidding on the construction of these evlivierf after

the final design Is complete, we ask that you -provide the laboratory :.I ball-park" -:ost
estimates for the fabrication of-a cylnder of cacti of the seven designs shown on the en-
Closed! drawing. We are particular ly Interested in identifying relative differences Inl coat,
considering both material costs and lIiio costs. between cylinders of different steel typeft
and between stiffened-andi unstiffened cylinders.

All of those firms who respond with this preliminary cost information will he placed on the
blikiers' lint for this procurement.

Sincerely.

Victor C. Anderson
Associate Director
Marine Physical L.Aboratory

IIRfy

Is


