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INTRODUCTION

In the fall of 1971 this Laboratory initlated
an experimental investigation of the acoustic back-
ground in the occan, During the preliminary design
of the experiment a requirement arose for cylindri-
cal vessels capable of resisting the oxternal =ca
pressure to a submergence depth of several thou-
sawdd feet to be used both to huuse electronic instru-
mentation and to provide several tons of buovancy.,
Selection of materialz and hull design obviously
would be predicated primarily on cost factors axi
80, as a guide to design, we turmed to industry,

A preliminary sketch design, Figure 1, was
prepared a.d seat to about 375 companies listed in
Thomas Register as being in the business of manu-
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ABSTRACT

Prices for fabrication of steel pressure hulls suitable for submergence to
several thousand feet were sollcited from several hundred manufacturers,
The information submitted by the companies responding is presented without
identification, The mean value of the price and of the unit price is shown for
cach of seven alternative designs of pressure hail,

factering pressure tanks with a request, Appendix
*, for "ball parkh" estimates of the price of each of
wsven alternatives shown on Figure 1, It was hoped
that the data in the replies would be helpful ia de-
termining the relative merit of the seven alterna-
tives from the cost standpoint,

A total of tharty replies containing price data
were reecived, but coincldentally the financial sup-
port of the project was greatly curtailed, forcing a
defermant in the procurement, asmuch as these
responses were valuable in themselves, it was de-
clded to analyze the price data received and publish
the results, Each of the thirty companies concerned
gave permiasionto use the data furnished inthe pro-
posed analysis and expressed an interest in receiv-
mg a copy of the results,

DATA BASE
For ready reference the identification of the
seven alterpatives of Figure 1 is summarized in

Table 1,

Table 2 shows the data received, Where
necessary, the data has heen canverted in order to
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put all-prices on g uniform basis, I those cases in
which ru spendemts fuenizghed an esdinated welght,

that weightwus used cafenlate unit price (duollars
per pownid).  Where no estimated fuight was fur-
nighed, unit price was ased on MPLeestimated
weight, which happens to be lower than any weight
furnished by the respondents,  One respondent gave
unit price rather than-a totad price.  His tol price
waw caleulated using MPL weigit and his unit price,

In vach ilstanee in“Table 2 values supplicd by MPL
2 values-caleulated by MP'L afe indicated by being
included in parentieses,

Three of the respordents furnisiwd price de-
livered in San Dicge, with neindication of the amount
included-for tfanspurtation. These prices were ad-
;ustcd toreliminate the cost of tfuisporiation bascd
-on inforisanion furilshed by:the focal, rmlrmd freight
-offive, ‘The resulting total imanufactaring price fig-
Ares .m= enclosed_in double_parentheses,

For cach-alternative, the dati arc .xrrdm,cd
in '!ahlc:2 in .nsc,c.ndim, ordet of total- 9riu: -

ANALYSIS OF THE DATA

-Figures 22 and 2b show a cojiarison-of- mc
distributions
are. plotted. on lmcar and -on lnganth, ¢ probability
papér, -By visual mapoctiun the data mm be scen to
fit a. lug-nornml distribution. becausc nure of the
poinits -lie close to u straight lific on the log paper,

“For cach alternauve the \.alucs of total price
and Gnit price from Table 2were-plotted on mz. proh-
abiliq, paper,. Figures 3 through 16; The nican
value was determined graphically by fitting a-line 1o
the data points-in the middle portian of the-vange,
rejecting. the points: at eack ead, The mean of the
equivalent log-normal distribution is just the vajue
-8t 305 probubility, ~U~iing the-actual data for afl
-polnts, the mean-and the standafd dovistion were
¢aléulated, Tabli3 summarizes the results of these
axalysgs.

'I'u denoastrate the _glose agfecment in the
spread of thedata amongthe sevenalternatives, Fig-
-ures-17 and 18.were prepared b} drawing the ywor-
mausvc-d probnb.uty lirgs of all the alternatives with
- it mean value of 1,0,
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DISCUSSION OF RESULTS

The wide spread in-the prices furnished was
surprising. Severdl factofs can be listed as prob:
ably sccounting for the spread, The MPL request,
Appendix 1, called for "bhall park” estimawes only,
This may have led some respondents to spend very
lttle time on the estimate, The specifications were
incomplete in that constructivh ewde requirements,
testing program, sandblasting and painting were not
mentioned,  Sonie respondemts incladed some or all
of these items while others did not, A pussibic lack
of familiarity with work of the type being considefed
may hdve caused an abnormidl price- deviation for
some respondents which would nor have occurred in
a carcfully prepared competitive bid.

The variation in-welght estimates, ‘highest
being-some 357 8bove ine-Jowest, was also surpris-
Adng. Wesdid not_requesta weight estimate ana it is

- assumed very littde time was spent by the -respon-

dents _in wurklm. up welght vstimates, Moré then
talf prm'!dcd no.w:éight-Information;

CONCLUSIONS

The uri;x,innl intent was toascertain the cost.
“penalty, if any, in going to 1Y 100 muteria) instead

of HY:80 material, The latter has been used éxten-
stvelyand the fabrication proccdurez:- are well known,
The HY 10, on the other haid, has been used much:

less ad requires more care during fabrication,.

Structures built of HY 100 have-the advantage of be-
ing lighter in weight for a given a_ppli_gauog.

The Information furnished is not conclusive
although the indications arxe that HY 100 may be
slightly less expensive than HY 80,

Anotheraim was todetermine the costadvan-
tage of an upstiffencd -cylinder over a stiffened cy=
linder. Comparison of the mean values of the equi-
-valent log-normal distributions fof total price indicate
only ahout 2 15% advantage of the stiffened cylinder
over the other, The price per pound Jor the unstif=
fened eylinder, on the other hand, is much less, due
primarily to its much greater weight,
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TABLE :.  IDENTIFICATION OF ALTERNATIVES

Diameter  Stiffened G
AMternative (feet) Linstiffened oo Material

"y 80
HY 106
- HY 80
HY 100
HY 80
= o 3 v HY i
u HTS (42,000 -psi yield)
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_ TABLE 2. PRICE AND WEIGHT DATA

Abcmauvv 1

_ Alternutive 2 -

. SI0 Refezeice 72:65.

\j’elgh}
1.  —~( Pounds)

1 Uit Price |
{Doltars/L)l

X Y Tatal pr ice
(palln 3 .:)

7 :\j\%ighl
-{ }’guluis)

: Ugn i ice
(Dullars/1b

1
|
)

ooy

e , proteh

43 ,000
-43,690-

«is_zz.s» ‘

50,000
53,000

56,312 . |

57 150

60,420 |

66605

66,879 | - 56
.}(7. 952): 1. 7,

77,973

= :81,666

-60,000
61,920
1(59,780)

(59 .78))

0.72)
(0:71)-
o :(o 81).

f)
i " 42,000
-44; 434
((46;830))
48,500

e

3

PRI 4

57,000
57,674

. (55;619)

"(55;619)

- (55 619}~

i , :@
(55;019)

(55 ‘619)
(55 619)
60,000
(85,619

A(sggg,m
(35,619)

i (55,619)

64;250
(SS 619)
62,000
:(35;619)
(55,619)
(55,619)
(55;619)

0.74)
{0; ?7)
40.84)
{07 86)’ )
(0.97)
(0; 87)
(0: 95),
;AL %)

(1 41)
(1.44)
(1.60)
11.50)-

3.01)
(5:73)
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TABLE 2. PRICE AND WEIGHT DATA
{Continucd) '

:\ltLrn ive 3 :\lu rum\e 4.

- = - [, cea e L o m m— -3 - s epomumn - == wes . P

I i
T eiad Price © 0 Walght |, Unit i‘un b Weldgin Uit Price ;;
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__owlhars) i __(Paumds) (ﬂnhmx]! 'x), ‘\:)‘)ll:tx;}{), ,({’Ulm,dﬁ}—; (Da‘hn/!.hh
N i R
£.79)) 1 a0 1,34) . 19,240 ¢ 14,344 (1,34)

S340 o Ua707) | (1,38)
3% 1 e v 1 (1,32)
TN (AT L (649)
K 1) ST e (1:30}
'.o_uu 2,

PO19,400 @ (12,980) (1.50)
§1009,408)) T (12,980 (1.50)
Po21,400  ; (12,950) . (1.65)
| 22,000 16,000 (1.38)
I 72,554 | 19;619° | (L15)
2190 Po23,000 1 o(12,980) 1 (1377)
((24 439)) 3,503 ))- i((z-; ;281)). . (18,148 | (1,38)
27,375 15;8 (1:77) It 27, 650 1 14,000 f (L96)

127, (1) b

i

|

|

i

30,915 b(29,269) 1 (2980): I 2,35
33500 I 32,000 (12,980)- |- (2:46)-
E33,000) (32;254)- 1 16;800- . (1,92)-
ko 34,000 | P33,000 1 15,0000 P (2,20)
((34; m» : - 43,468 L 32,985 | (1o02).
35,420 7 (M4,707) 5 4 34,890 (12,9500 | (2:69)
38,000 (14,707 | (2338 37,600 | 18,500 (2,09)
40,000 . -(4707) | (27 40,000 - [ 112;980) (3,08).
42,500 1 19,500 (2.18). I 42;000° | -(12,980). | 3.24).
44,982 | (14;707) 42,720 -(12,980) | 3.29)
-46,469- 17,067° 2572y 43;379 - | (12,980). | (3.34)
46,920 | (14,707 39y {45,394 L 15,407 | (2.94)
48,925 (4;707) 1 @32) 48,425 (z, 980) 1 (3.73)
49,606 1 -(14,707) {3:37) | 51,950 . (12,9%u) 1 (4.00)
54,300 16;300  (3.33). § 57,000 ! 24,000: (2.38)
55,000 25,000 @200 [ 67,000 1 (12,980) (5.18)
68,000- § (14,707) (4362 167,172 | (12,980) (12, 88).
91,579 {1 (14,707) b, 22} i T
225,401 ¢ (14,707)
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TABLE 2. DRICE AND WEIGHT J3.7TA
" (Continued)

__ Alternative’s Alternative 6 R
{'I’ota! Price Weight Umt pelee ’ Total Price |- Weight Unn Price | %3 )
i {bhollars) |- -( Pii-m(i%) (’)ollxus/l.h\ _(Pollers) . (Pounds). . (Dolla:s‘/Lh)% ) ) :
(20,715 (31,046) © (0.67) .+, 8) (31,046) 0:69) i ;
22,800 (31,046) | (0.73) 23,600 (31,046) (0:76)
23,500 33;0000 | (0.71) 24,000 33,000 (0:73): il
27,575 36,577 | (©78) || 27;000 (31,046) 0.8 4
28,000 (31,086) | -(0.90): ! -28;,072 36,577 0:77)
|| (28,8200 | 36160 | (0.80) | -((29;392) 1 36,360 | (0:8D)
P ((29:668) | s |l (0,360 | 35465 | (086
29,875 -(0.93) 30,450 32,150 (0:95) i
oan672 | 0:97): I 31,672 | 32,765
4 32,050 (1:03). -} 33,000 | 34,000
b 32,5000 10:96). | 33,300 | 31,046)
S 34,0000 (1:10) [ 43,000 | (31,046)
I 41,880 (1.33) I 43,150 34,200 i
L 42,500 {1:25) 43,541 -(31,046)
£ 43,000 «(1539). 45,000 35,000 '
' ¢ 44,000 q1326) i 45,2100 | -(31,046)- 1
- S L 44,000 (1.42) || 46,373 | 33,388 I
. i 45,860 (1.37)- || 50,000 (31,046)
g (52,778) 70 | (52,778) | (31;046) I
i 55,000 - 3 (L7 57,000 (31,046) . :
i 57,000 (31,046) (1.88) I 60,000 (31,046) ]
65,748 | (31,046 | (@2 {67, 948 -(31,046) '
Foe7,50 | (31,046). 4 (2.18) i 71,400 . 3L,046) - . -
U 80,877 | (3L,046) 1 (2.60) 84,793 (31,046) | (273 &
it 11,614 (31,046) "1 (3.60) [ 109,985 @31,046) | @54 | ;
N R i - ! : g :
iy i i - : i L
: I :
A | : i
h ! i ~ =
; i
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TABLYE 25 PRICK AND WEICGHT DATA .
(Continued)

Altermative 7 . ~ Alternative ) . B

}H aptahihdi it PTEE TEIES SeTdam e TS - e (3 - -
& ‘Towal Price Weigit  : “Unit Price ; Total Price ¥ Weight ! Unit Price {I
i (Dollarz) | (Pounds) 1l Jollars/Lb):  (Dollars). 1 (Pounds)  (i21lars/Lb). -

19,000 (38,047) (0.50)
(20,278)) | (38,047) -(0.53)
22,100 | (38,047) | (0.60) ' .
22374 42,999 ©.52) |t o
W2,111) | 43,568 0.53) ‘ -
25;000 40;200- | (0.62) -
25,000 | (38,047 (0.66) :

((25;019)) | 45051 (0.56)- -
257200 | -(38,047) | =(0,66)

25;450- | 39,100 | (0.65) I
'26;000. | 40,000 |- <(0.65)

s,0m | (0iery
39,178 (0.89)

TN
B e e

[

34,925 43,400 | (0.83) '
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G 38374 | @8,041) | (10D o
b 39900 | 41,000 | (0.97)
i 43,617 40,683 | (1,07) i :
v 47,000 (38,047) 24 b } i E
W (47,558) (38,047) 1,25 : "
i 50,000 ! (38,047) (1.32) i
i, 56,565 (38,04m 1T (149 | , I -
B 66,120 | (38,047) | (1.74) E ; 3
B 69,721 (38,047) ; (L.83) | . P
i;  119;050 (38,047) | @19 | ; - 2
g i i i ) E
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TABLE 3, SUMMARY OF ANALYSES

AT

Unit price @ollars per pound)

Muun und stundard A Muan of fitted mg
Alternative . deviatioa of data_sets - normal_distribution

1 1,53 ; 0,92 1,32
2 1.60 ; 0,96 1.35
2,83 ; 2,64 2,16
2,78 ; 2,63 2,27
1,37 : 0,68 1.2
1.42 & 0.69- 1,28
1,02 57 0.7¢ 0.91-

e

i

kg

Total price (thousands of dollirs)

o = Mein and standard _ Mean of fitted 1og
Alternative .. . . -deviation of data sets_ . o 7nm'niul distribution _

95,1 3 34,1 5,0
92,3 ; 32.7 83.0
44,9 38,2 35.5
39,9 ; 28,3 33,5
43,7 5 20,4 39,0
45,3 § 0.7 40,3
38,5 5 20.7 34,0
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APPENDIX 1

UNIVERSITY OF CALIFORNIA, SAN DIFGO

BUAREEAN » DAL ES # FHLINE * 105 ANGEEEY ¢ FIVERASIDE + SN DHEEAD ¢ 3AN FRANCIMO ! ;
!

N i . _

SANTA BANRARA * SANTA (RU?

LSS AN IR A RN Y I SV TR (RS EETTAY SAN IHEGA, UALIFORNEA 42492
SeBEEY INOEETE THON a0 40 B ANOLIA P

: November 10, 1971
MPL Fite: 02-U-260

iy

Attention: Sales Manager

Subject: Request- for prcumlnnry cost- ikformation: and interest-in bidding, Pesmnsc
rotjuested by Dccember 1; 1971

Guntlemen:

“The Marine Physical Laboratory hax initiated a rescarch program that will require several
Lvhndcrs cnp.mte of withstanding. external sed pressuré for cquipment installation, In
caleidar yeaf 1972 as the program develops, wé expeet to relicit fixed=price bids for-
constriiction of two 6-1t and two 3+t cylinders ofa finalized desigh, In order to establigh
a basis for selecting the material for construction of the cylinders, approximate cost
figures are desired fof several-alternative cylinder configurations,

T g

If your company would he interested in hidding on the construction of these cylinders aftcr
: the final design is complete, we ask that you-provide the laborstory «ii: hall-park” -os

- cstimates for the fabrication of 2 cylinder of cach of the seven designs shown on the en-
closed drawing, We are particularly interested th tdentifying relative differences in cost,
considering both material costs and labof costs, between cylinders of different steel types
and between stiffencd -and unstiffened cylinders,

All of those firms who respond with this preliminary cost information will be placed on the
bldders’ list for this procurement,
Sl‘qcere}y. , :
. ://155;,{" ! { et iy 0y,
Victor C. Anderson
Associate Director
Marine Physical Laboratory
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