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FOREWORD

This is one of the many projects manoged and cost shared by Todd Ship-
yurds Corporation as part of the Nationul Shipbuilding Research Program. The
Program is 2 cooperative effort between the Maritime Administration's Office of
Advanced Ship Development and the U.S. shipbuikling industry. The objective.
described by the Ship Production Commitiee of the Society of Naval Architects
and Marine Engincers, emphasizes productivity.

The research effort was assigned by subcontract to John J. McMullen As-
sociates, Inc. after evaluation of several proposals. Mr. Arthur L. Lewis was the
Project Manager. He was assisted by Mr. J. C. Nilsen.

In behalf of Todd Shipyards Corpomtion. Seattle Div. R. F. Heady was the
R&D Project Manager who provided technical direction, J. F. Curtis coordinated
the final editing effort, and L. D. Chirillo was the R&D Program Manager having
overall cognizance.,

il




EXECUTIVE SUMMARY

When confronted with space limitations hcat. ventilation and nir conditioning
(HVAC) designers must consider rectangular duct. Since size or component stan-
durds did not exist before now. such instuflations were mostly customized.

The standardization scheme contained herein establishes, in 2-inch increments.
106 different rectunputar cross-sections which cover a useful range of applications.
Further a reasonable. but reduced. number of fitting types are incorported, These
features were exploited to minimize the number of materinl items required and to
simplify construction details.

Significant savings through use of these standards are predicted herein. But they
impact on all shipbuilding. disciplines in different degrees. Therefore any one
functionary, €.g.. a supervisory HVAC designer or a shop foreman. cannot be
expected o assess the net impact of the standards on an entire shipyard. Whether a
shipyard will bencfit depends upon someone with an overview of all management
functions requiring subordinates, representing direct and indirect cost areas, to muke
objective comments that can be assessed collectively.

Further, these standards are a firsl necessary step to upply computers for the
detail design and fabrication of rectangular duct arrangements as is now being done
for piping systems.

Every shipbuilder should read at lenst the first 6 pages. The remainder is detuiled
and contains comprehensive cost comparisons. It shoukd be nnalyzed by experts in
estimating, planning Gincluding design and material procurement). production and
performance measurement.
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1.0 INTRODUCTION

1.1 General Coe ' 1.2 Approach

One reason for using standards is to better define ships' components so that risks
and costs are minimized for shipbuilders and their material suppliers as well as
for owners and underwriters. Standards achieve this by eliminating generulities
and thus provide a basis for common understanding. But, heretofore none have
been developed for rectangular vent duct. Thus the objectives of this project
were to:

o develop standard sizes and components for rectangular vent duct. and to
o identify potential cost sa'vinas from such standardization.

The results include. in addition to this report, a designer's pamphiet, matching
construction drawings. and a computer prepared tabulation of dimensions and
quantitiés of requirad materials. Thus everyithing necessary for designers, plun-
ners, buyers, and crafismen to support and wilize the standards has been
developed. |
The purpose of this report is 1o notify shipbuilders of the available standards for
rectangular vent duct and to present pertinent discussions and cost analyses
which will facilitate implementation.'

1A specification 10 invoke these standards Is in Appendix H.

tunique items which must be
" fers. by

In order to produce the standards. the researcher:

o revicwed several shipsets of different ventilation systems drawings.
o searched and reviewed the liternture,

o solicited and analyzed information from many vendors.

o explored the duct componcnts used in both U.S. and foreign shoreside indus-
tries for possible aduptation in ships,

o inspected several U.S. and foreign ships to determine curvent practices,
o reviewed regulatory constraints and MarAd and Navy speci_llcalions.

« discussed the standardization scheme with people in the U.S. Coust Guard
(MMT) and with the Public Health Service in Washington. D.C.. and

o acquired an understanding of current practice in direct mectings with design
and production people in seven major U.S. shipbuilding yards.

1.3 Findings

Overnll costs for rectangular vent duct installations in ships could be reduced
significuntly through the use of stundards. For cxample a 20%. savings is esti-
mated for such instaltations in » 75.000 DWT Panamax tunker. The savings are
manifest in all of the required shipbuilding disciplines and mostly result from
climinating virtually all custom components and thus allowing a reduced number
of line items? both for purchased und in-process materials. .

scparately identifted in drawing mmicrial lists, purchuse requinitions,
ing. and In wark orders,

¥



Figure 2-1




2.0 DESCRIPTION OF THE STANDARDS

2.1 General . 2.2 Summary of Elements Standardized
‘The components for which standards were developed are illustrated in Fi.urc ..
2-1. Specifics of the standardization scheme are described in the Designer's Element Standardization
Pamphlet which is reproduced in its entirety in Appendiz A. This pamphlet is a sizes ...... v ereeaaeen . depthand width by two-inch increments resulting

catalog of standard components that is intended for HVAC! designers. Although .

complete sets of mniching construction drawings and competer prepared tnbula-

in 106 different cross sections from 2” x 4" through
24" x 24" 1o 18° x 54"; ruddius corners in only three
radii for most strength penctrations.

tions of dimensions and qusntities of required materials wre avaitable.® only
typical pages are incorporated in Appendices B and C respectively. Regarding

the construction drawings. each is complete to facilitate fabricution, They even - R
include developed views for the layout of patterns. materials . ..oovviieiiiiee ;7:!2:}:74?&*5&5. 20, 16 and 11 guuge and
As required by the resenrch specification the standards: duct reinforcement ........ apphicability and spacing
o provide for normal velocities up to 4000 feet per minute. and elbows..........u «oveos. fourtypes: full throat, half and quarter throat with

« cover a full range ol':iucl sizes. and without splitters. nnd vaned turn

o Also. the tesearcher was able 10 § some simefified ruction Offsels .....ovvvivneninnes two types: full and half-throat radii
details as compared 1o current practice. But, for certain elements such as transformations three s " ided:
' P ymmetrical and three flat-sided:
basic materials and fire dampers no improvements were found. rectangular-to-rectangular, rectangular-to-radius
corner, and rectangular-to-round
branch take-offs .......... ten types: variations of rectangular and round.

normad and flared, 90° and 45°, from straight and
transforming mains

terminals ........ tesessans cone and bellmouth: radius selection for the
belimouth reduced 10 seven dimensions

transverse connections..... seven flanged types and five non-flanged: bolt
hole spacing standardized: structural ‘pop’ rivets
on 2-inch centers with no sealant required

BCCESS COVErS . .ovveennn, dimensions and details
wire mesh screening ....... dimensions and details
‘Henting. Ventilution und Air conditioning.
e U5, 28  Todd tensile fasteners........... 22 linc items
P.O. MMMWAGIIH Wwﬁn MMWTMIW

tion Service, 5283 Port Roys! Road, Springhield. VA 22 N



3.0 IMPACT OF THE STANDARDS

3.1 In Overall Management

“The resenrch specification required that all comment be in the context of conven-
tional shipbuilding functions. Thus the researcher's undersia of these
functions and how they interact arg pertinent and are included in Appendix D.*
But assessing the full impact requires apprecistion of the éntire mansgement
cycle, see Figure 3-1, because every management function benefits from the use
of standards.

No matter to what degree the functions and information flows ilustrated in
Figure 3-1 are formalized.or evenif they sre not at all formalized, they must exist
everywhere ships are built for profit. Decisions made in forecasting, plnning.
scheduling and production are controlied by information both from previous
steps and from feedback obtained from subsequent steps. Standards provide the
necessary common understanding which s just as critical between shipyard
functionaries as it:is betwedn shipbuliders and owners. Thus, the redtangular
vent duct standards will benefit estimators, schedulers and accountants by
providing simplified quality information that fucilitates prediction, implementa-
tion and evulisation, But. there is much greater potential benefit in plunning and
production.

3.2 In Planning

As used herein planning includes design of ventilation system arrangements.
material procurement and resource allocations because they are interdependent.

3.2.1 Design
Standards will lead .designers away from unproductive fine-tuning of
HVAC systems and reduce the nsmber of time conguming design itera-
tions. The fact is that many HV AC systems are built (o design constraints
which far cxceed the accuracy of the basic flow factors. There are surpris-
ingly wide gaps in the experimentally verified data on system losses.? For
example, almost no test data exists for return-side takeoff losses. Also,
popular rules-of-thumb introduce considerable innccuracy in bringing loss
factors from test points to design conditions.” Two-inch increments and

The application of this understanding to a typical ventilation sysiem is also incladed.

*This is discussed in Appendia E which identifies areas for future study.

By strict applicatibn of the common rule-of-thumb, a 18° miter would have five times the loss of n 10°
etbow - impossible!

the elimination of complicated components will force a reduction in the
costly, spurieus accuracy common in current designs. Allowances for
such accuracy in a custom designed system and the nced to select “the
next largest’ from a timited number of available fan sizes often combine to
produce excessive air flow. When the flow is necessarily reduced with o
damper, frequently the system becomes no more efficient than it would be
if arranged with standard coniponents that fucilitate productivity.

™" ESTIMATING
| (PREDICTION)
|1
L
' > (ALLOCATION) 1
L SCHEDULING '
- (IMPLEMENTATION) |
I |
b |
oL J P
(OPERATION) -l |
|
L__I accommms |- |
(EVALUATION) |
ﬁgm'c 3-1 Management Cycele



3.2,

(8]

The responsibifity for much of ventilation systems’ copstruction costs
rests with HVAC designers. Sometimes a situntion occurs where an extra
hour or two over the budget alocuted for designing certain features, can
save a week’s work in production, But the immediate design supervision s
rarely in a position (o authorize extea tisme. Thus frequently the opportun-
ity for cost reduction Is rationafized awsy. This problem is greater when
the design is developed away from the shipyard. Close Haisos is required

between designers and fabricators for idesl cost retus, The designer's
pamphiet and the metching construction drawings produced by the re-
searcher reflect such linison and ¢an have continuing impact oa construc-
tion costs. They ulreudy Ww&kmw by shop
pwpkundmcymumuacomhﬁsfwmﬁmmm

even more productive features.

Further, prepuration of the rectangular vent duct standards is a significant
completed effort that is prerequisite for inputting the configurations and
dimensions of each component into a computer. Thus itis now practical to
regard a rectangulr vent duct system as just another *piping" system and
10 *. . .provide pictorial ouiput from compuiers through devices such as
cathode ray tubes and numerically controlied plotters. Such systems have
a high potential for bringing aboul significant reductions in the cost of plan
production which represents about 2/3 of the total cost of a post contract
design effort.** For achieving full benefit, consideration must be given to
the recommendations contained in Appendix E for developing applicable
compuler programs.

Material Procurement

The standards feature minimization of the number of sepurate muteriul line
items required. Forexample, sheet steel islimited to only five thicknesses.
This reduction in the number of different material liems can save an
estimated 15 1o 20 percent in costs associated with purchasing, storage.
retrieval and in-process control. Additionul savings may coste from the
increase in size of bulk orders,

And, for some yards the standards permit a wider range of make-or-buy
alternatives. They increase the probability that prefabricated components,
and even subassemblics, will be bought from a subcontractor because the
standards contribute significantly to assurunces for correct dimensions and
quality regardless of the point of manufacture.

Because of the standards’ simplicity all required materinl identities und
mmusﬂyuwwcm.m“mw
ers do not have 10 be concerned with preparation of material lists for
standard components. The tabulation can be used by less experienced
people using manual procedures. Elsewhere. shipyards can use the avail-
able? programs for inputting the required indentities and quantities into
their own computers for preparation of material lists, requisitions, etc.

3.2.3 Resource Allocation. B
This function is made easier by the use of standurds because the process of
alfocating manhours. materials, facilities and time has to be done only once
for a particular component. Thereafter the same information caa be used

in addition, the use of standard components increases the opportunities to
clect cost saving alternatives. &.8.. the ready detection of identical compo-
nents and subassembiies which should be batch manufactured and of those
items which should be subjected to make-or-buy analyses.®

Applying computers to ull resource allocation tasks are greatly facilitated
through use of the standards.

3.3 In Production :

The standurdization of sizes and fittings such as elbows and transformutions
produce cost savings because they eliminate most of the need for special cases.
Thus expenditures of shop resources will be reduced for developing. storing und
retrieving patterns, Further benefit accrues from having to contend with fewer
material items in shops' stores. In addition, the standardization mukes it practi-
cal to use the same construction drawings in ships of various sizes and types.

The construction drawings produced by the researcher nnticipate all information
needed by crafismesn. Preparation of end connections, notching. allowances for
tongitudinal and transverse seams, etc.. are detailed. Pattern configuration and
layout possibiEties nre noted along with required dimensions, This information s
sufficiently detailed to fucilitate digitizing developed views and nutomatic cut-
ting.

3410 U.S. shiphuilders from the R& D Program Manuger. Tudd Shipyark Cusporation. Seattk Divisi
—— P. O. Box 3906, Seatile, WA 98124 and when cutuloged from the National Technical Information

Service. 5283 Port Roys! Rosd, VA 22161,
‘rom o preliminary Jraf of the report **Improved Mﬂm“ D. C. MacMillan for the Nationol
Shiphuilding Rescurch Program. 31 Junvary 1977, p. 38ee Appendix 1 for a Hisiing of potential vent duct manufacturers.

6



4.1
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4.0 RATIONALE FOR SPECIFIC IMPROVEMENTS

Sizes

106 standard sizes were developed in 2-inch increments in both width and depth.
They are given in the Designer’s Pamphiet, Appendix A. Except for two cases,
the sizes do not go beyond a | 10 3 aspect ratio because higher ratios may reduce
geometric integrity and increase the chance of duct “'panting.”” The 2-inch depth
sizes have a | o 4 limiting ratio and the 4nch depth sizes havea 1 10.3.5: bothare
acceptable because of structural support from the cosners. Although not used in
quantity, ducts above 12-inches in depth with aspect rutios exceeding 1 to 2.5
have been included. They are frequently used in machinery spaces for the larger
brunches required between the main vertical trunks and the smaller distributive
branches.

The number of sizes is determined in large part by the need for reasonable
efficiency in splitting to standard sizes. Section 6 discusses the effects of dispro-
portional splitting ‘forged by the 2-inch increments in duct size. Appendix F
shows the split availability for each depth and gives the duct size utilization for
the first genegution of splits. Utilization of stnndard sizes is efficient up to the
12:inch x 36-inch size; this range accommodates a large percentage of normal
applications.

Ducts larger than the standard sizes are in most instances either built into the ship
or have their shupe determined by structure, ndjucent bulkhends, space ar-
rangements. eic. These should remain special cases.

The impact of size standardization is pervasive. Most important. it is a prerequi-
site for much of the simplification of components that has been accomplished. It
allows component energy losses, material requirements and fabrication dimen-
sions to be tabulated. 1t increases: the number of Hke parts, decreases the
likelihood of peculiar duct companents, and therefore increases the possibifities
for manufacturing economies in the shect metal shop.

Figure 4-1 presents the standard and scceptable afternative radius corners for
each duct depth. The standard radii will suit structoral regquivements for almost
all strength penetrations. Cost savings may come directly from the fact thot only
three templates are required for the full range of sizes. Savings ave assured where
the use of-the standard radii aflows the use of an abrupt transition in lieu of a
transformation. The standard radii are also prerequisite for the standardization of
flanges and bolt hole spacing.

[ SMALL CROBS-BECTIONAL AVAILABLE RADIUS CORNERS
DIMENSION OF COAMING (INCHES)

DORW STANDARD ONLY AS NECESSARY

(INCHES) Al 2 R3 R4

2 1 — — —

4 1 2 — -

] 1 3 — —

8 - 1 2 4 —_

10 2 3 5 —

2 2 4 6 —

14 2 4 7 —

18 2 4 ] 8

18 3 5 7 9

2 3 5 7 10

22 3 ] 8 1"

24 3 ] 9 12

Figure 4-1 Radins Corner Availability




4.2 Sheet Muterial

Sheet steel, either gulvanized or otherwise protected, is the only muterial spec- THICKNESS | WEIGHT

ified. Material thickness has chinged oaly in the lighter gauge duct, 2410 16

gauge; two gauges replace five. () @ £ 1)
4
The reduction in line items was made after carefusl study of each of the following: " 1233 5.0357 1.00
o currenl naval and commercial marine design. " 4233 50057 00
o current commercial design shoreside,
o capabilities of seaming machines. 1" 1233 6.0357 1.00
o desire 10 minimize stock inventorics, - 1875 766 183
o need o meel regulatory body requirements,
— 250 10.2 204
« demands made on materials in the shipboard eénvironment. and
18 0835 2.5958 50

o need (o meet duct stiffness criteria.

While accommodating all of these considerations, the standards call for only two
guuges, 26 and 16 gavge, for materials less thun 1/8-inch thick, This climinates the
use of 18, 22 and 24 gauge material. The eliminution of 24 gauge will not
significantly uffect costs becnuse this gauge is currently used only in duct where
the largest cross-sectional dimension is less than 6 inches. Morcover, 24 gauge is

%‘“‘%”;m

0635 | 26058

(BE|

B8
M

not suitable for applicutions requiring B Closs fire protection. ding the
existing I8 gange applications between 20 gauge and 16 guug is an even cost
trade. Similucly. the climination of 22 gauge material is roughly an even tride

because the heavier 20 gauge is both better syited to welding ond less likely to be
damuged in storage. Characteristics und applicability of the sheet material are

"shown in Table 4-1. mam THICKNESS INCLUDES GALVANIZING FOR

NIZING FOR 11 GAUGE AND THINNER, BASIC WEIGHT
j MATERIALS.
1978.
Tuble 4-1 Sheet Material Uddlization




4.3 Seams

Longitudinal seams have been included in the scheme more because of their
effect on transverse connections and components than because of any improve-

ment in fabrication methods. All seven types mesh smoothly with the rest of the |

standards, The only significant change from cusrent practice is the use of struc-
tural ‘pop’ rivets on 2-inch centers with no seajant for the Type 4 riveted seam
described in the following:

TYPE | is the standard Pittsburgh
corner fock commonly used by ship-
yards for the corner longitudinal
seams on rectangular straight duct.
elbows, and non-radius corner trans-
formation pleces. It is a strong seam,
usually formed by machines spe-
cifically dedicated fo i, and set by
hand. The seam does pose problems
10 transverse connection methods.

" DJCT
(20 & 16 GA)

TYPE 2 is a welded corner scam now in use by some shipyards. It is rec-
ommended where the necessary welding skilis and equipment make it economi-
cally competitive. Its use can simplify transverse connections. The only change
recommended would be 1o bend one edge to prevent welding burn-through and to
aid in duct aligmment, This bend isn't necessary if the yard's light-gauge welding
is highly developed.!

TYPE 3 is one of two types of longitudinal seams used where corner scams are
not possible. This scam is scidom used in material heavier than 20 gauge.
Maintaining duct size tolerance is more difficult than with other seams, and there
is little play for duct alignment and adjustment.

1See Appendix A, Sheet 16, for illustration of Type 2.

TYPE 4 is the button punch snap lock corner seam which is coming into
prominent use in the commercint shoreside lndustry. It is formed by machines
designed for the purpose. Although possible, use of this scam on cfbow corers is:
mwm«mmumhmmmem:hemwm'
affecting the locking feature. This )

type is. however, recommended
for straight duct amd non-radius
comer transformation pieces in
the 20 gauge material range. The
lock is accomplished by pushing
the two pieces together: setting or
peening over by hand is not re-
quired, Cost is roughly the same
as the Pittsburgh corner lock in
the 20 gauge range.

O -y ---)

........

TYPE 5 is a lapped riveted or spot wekded seam. It is one of the two types of
{ongitudinal seams commonly used by shipyards where corner seaming is not
possible. Tts main spplicution is on transformation pieces with radius corners.
The ‘pop’ rivets currently used huve been replaced by structusal *pop’ rivets. and
the rivet spacing has been changed from 134-inches C-C to 2-inches C-C. Sealing
of the rivets should be more than offset by the savings from incrensed spacingnnd
elimination of sealing.?

TYPE 6 is similar to Type 3 except that the materials involved are thicker, and
therefore. no bend is required to prevent welding burn-through.?

TYPE 7 isabutt-welded. water tight seam for thicker gauge materinis only. Type
6 or Type 7 seams may be used interchangeably at the discretion of the fabrica-
tion shop.?

1See Appendix A, Sheet 16, for illustrations of Types 5. 6 and 7.




4.4 Transverse Connections

10

4.4.1 Flunged ’
The standardization scheme incorporates a number of small changes to
cxisting flange detuils which shoukl save 20 or 30 percent per assembly
und the use of the sume construction drawings for alf ships.

Savings appear certain from the change to stundard bok hole spacing. This
ullows use of fewer templates. Only twelve are required for all possible
vudius comers for the standurd sizes. Because mauy of the possible radii
will sekdom be needed, only three or four templates will be in constunt use.
Bolt hole stundurdization climinates the nsed to fabricate flanges as mated
pulrs thut must be kept together. The standurds permit any two flanges of n
given duct size and comer configuration to be maled. even ifoneis
instulled upside down. This encowrages bulk purchuses of flanges from
outside sources. Savings also result from the following:

o Bolt hole size is independent of the mating flange type.

o Hex washer head bolts and fiange nuts have been selected and sized to
eliminnte the need for washers undto allow a reasonable amount of bolt
hole mismatch. (These can be bought with bearing surfaces whichact as
lock wushers offering n more secure connection.)

o Smaller diameter fusteners are specified to further reduce costs. For
exumple V4-inch bolts are substituted for the 3/8-inch presenily used to
connect non-watertight duct to coumings.

o Three basic types of flanges and muterial configurations have been
reduced to two,

o Forseveral flange types, /8-inch thick muterialis used whea sttached to
1/8-inch components. in place of the 3/16-Inch thick material now used.

o Rivet spacing has been revised upward to 2-iach C-C from 1%-inch C-C.
For this spacing structural break-mundeel type rivets must be substi-
tuted for the current non-structurad type. The better rivet eliminites the
witesprend problem of haviag mandrels full out after fabricstion. Also,
the pructice of sealing the rivet heads is no longer required.

completeness.,
versions of the three basic types.

4.4.2 Non-flanged
More important than fiange details is the scheme'’s emphasis on non-flange
connections. Appeadix G includesa cosl comparison between a flange and
reconunended non-fange connections. Savings may be over 50 percent in

4.5 Transformations

The Designer's Pamphiet recommends that abrupt transformations be used
wherever feasible, e.g.. a standard Type 2 flange can usually serve as the
‘transform piece’ to a radius comner coaming. The higher losses are offset by
savings in fabrication costs. I the abrupt transform proves inadequate, the
standands offer two gradual transforms.! Estimated fabrication times are in
Appendix G. The desigaer's second choice is an equal area, rectangular-to-
rectungular transform costing approximately 2,28 fabrication hours. The stan-
uamrmzmmmmwﬂbmmmmrmm. The
worst alternative is the rectuhgulur-to-radius corner transform with an estimated
cost of 3.75 fabrication hours.

To facilitate more frequent use of abrupt transforms. the standards hold coaming
radii to the minimums which meet the strength requirements for bulkhead
penetrations. Analysis showed that for commercial ships larger radii would be
necessary only in very peculinr circumstances and would likely cost the shipyard
iwo expensive transforms.

4.6 Access Plates ! S

4.6.1 Quick-ucting

Access piates now in general use are variations of a round type, fitted with
wing nuts, as shown in Figure 4-2. However, the flut-oval type, also shown
in Figure 4-2, is more productive because duct prepamtion is imited to
cutting a simple access hole; no welding Is involved. Further, required
material line items are reduced from five to one. This fiat-oval cover is a
Navy standard that has already been used.in some commercial ships. See
Appendix G for cost information.

4.6.2 Bolted
No changes are proposed to the bolted access plates now in use except to
offer alternative fasteners. The alternative fasteners are much less expen-
sive(see the cost comparison, Appendix G). but not all shipyands huve the
presses required to seut them. Therefore their use has not been considered
for estimating the cost suvings available through the usc of standards.

the dards ulso inchule a gular-to-round ion and flat-sided
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Figure 4-2 Quick-Acting Acvess Plates

4.7 Bellmouth Terminals

Befimouth terminal design has been simplified; only seven curved templates will
be required to produce the end details for alt belimouths, Referencing the
developed view, Figure 4-3, the rodius R is determined as shown in Table 4-2.

Cost analysis is difficult, becatise the fabrication procedure will remain about the
same. However the increased use of tempilates for the end curve. aliowed by the
standardization, will eliminute the special curve developments presently re-
quired, A further benefit: will result from the standardization of wire mesh
screening which the stasilard befimouth terminal permits. The detalled cost
comparison, Appendix G, predicts a savings of 15 (o 20 percent per belimouth:
oi.;:'m fabrication time (less 25¢ for additionsl material) due to reduced layout
time.

4.8 Wire Mesh Screening

All rectangutar openings have been standardized for which wire mesh screening
may be required. These openings include open-end duct, cone terminals,
belimouths. side of duct openings. and weather openings. The dimensions of all
openings and alf required wire mesh screens are based on L-inch increments.
ewrawmmmmammmm.mw
focations. and corresponding screen configuration will not vary with the type of
opening. No cost analysis was attempied for these improvements. But, savings
are expecied from the elimination of the many small changes associated with the
current methods of sizing openings and from the simplification of such items as
*U* frames. relaining frames and fastening hardware.

n
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Tuble 4-2 DETERMINING BELLMOUTH RADIUS R

X (larger of D or W)

P?=X=< 8§
<X =6
16" < X = 24"
<X s
32" < X < 40"
40" < X < 48"
48" < X < 5¢

R

’ ”
r
L
4
5’
¢
b ad

In no case is the standards’ R more than 7/8 inch different from R calculated by
current methods shown in Table 4-. The Encrgy Loss Factor is the same for
bath standard and current practice, i.e., 0.15 hv (velocity head) for alf values of

Table 4.3 CURRENT METHODS FOR DETERMINING RADIUS R

Method A: X (larger of D or W,
X =8
X >8
Method B: Y (smaller of D or W)
forall Y

t

R
O (Runge of R is
125X . from 1" t0 6.75")
R
6Y

(Range of R is from 1.2" to 14.4%; limitcd to 9.75” max. by some design shops.)

These current methods produce from 14 to 47 different values for R over the range of
- the standard sizes. By the most widely used method (Method A). R increuses in
1/8-inch increments for every 1 inch increase in the maximum duct dimension.



5.0 IMPACT ON PRESSURE DROP 1.OSSES

To determine the impact of the standards on duct pressure drop losses, a typical
system was selected from one of the vessels reviewed during the first phase of this
m.mm~mhwmimmm)mu¢mmmm
Figure 5-1. The entire sysiem (except for one branch for which data was not
available) was calculated exacily as depicted on the vent arrongement plans. The
same system was then recalculated as SS1° with the following changes:

o All duct sizes were made standard except those connecting to equipment.

o All elbows were made standard and those less than 15° angle of turn were
eliminated and calculated as mitres.

o AR transformation pieces between ducts and radius corner spools were elimi-
nated, and losses for abrupt changes were calculated.

o Allsplits were made of standurd sizes, and where this violated the proportional
split concept. these were colculated to show the resulting abrupt losses.

All of the changes were investigated with respect to feasibility on the vent
arrangememnt plans.

Table 5-1is the tabulated comparison of pressure drop losses to each terminal
point, The differences in pressure drop losses - columa AP - shows that designto the
standards had no significant impact on the efficiency of the sysiem. Morcover, finer
points such as the elimination of all transformation pieces between rectangular duct
and radius corner spools were separately evaluated and shown to have little impact.
The small differences in loases for the study sysiem indicate that the design of
rectanguliar HVAC systems to the standards is unquestionably practical.
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Tesmiaal
Point No.

3

6

8
10
12
13
5
20
21
2
23
25
7
23

NOTE | -

NOTE 2 -

NOTE 3 -

TABLE 5-1

$S1 and SSI' - COMPARISON OF TOTAL PRESSURE DROP LOSSES TO

TERMINAL POINTS
Current Standards
Practice: Applied:.
§S) sst’

(See Note 1) (See Note 2) AP = §s1-881°
1.892 1,927 o -.035
1.981 1.959 022
1.882 1.874 ,008
2.116 2.108 .008
2.152 2,144 .008
2.198 2.187 .008
1.219 1.307 ~.088
2.200 2,928 -.028
2175 2.203 -.028
2.159 2.169 -.010
NO INFORMATION AVAILABLE FOR THIS TERMINAL
2,293 2.286 007
2233 2.226 007
2.190 2183 007

Pressure drop losses as calculated for SS1 l‘rom the véi.u'dnwin; with no
changes. .

Pressure droplosses as calculated for SSi° from the vent drawing with the

following changes: .

@) Al duct sizes made standard except for those connecting to equip-
ment.

b) All elbows made standard, and those less thun 15° turn eliminated and
calculated as mitres.

) All transformation pieces between ducts und radius corner spools
eliminated and losses for abrupt chunges calculated.

d) Abrupt losses calculated at splits where the use of standurd sizes
violated the proportional split concept.

Calculations were made from Navy Duct Size Factor Wheel and
ASHRAE Handbook of Fundamentals - 1972,



6.0 PROBLEM OF DISPROPORTIONAL SPLITS

One of the main problems associated with the standardization of rectangular
duct sizes is that as the number of specific sizes is reduced, the probability of
ﬂmﬂhﬂwﬂs”mlm.?ﬂswﬁknhmﬁylmm:mmlydo
ubrupt velocity changes catise dynamic energy losses. but also the uncertainty of the
resulting steady state conditions becomes greater as the proportionality becomes
fess. The cost of additions! fan energy cunof course be subiracted from the savings in
construction cost o get fhe estimated net savings. The uncertuinty of resulting steady
state nir flow conditions, however, is not ensily predetermined and can cause major
difficolties during the system balunce tests. :

The worst effect of disproportional splitting occurs in the case of a small duct
carrying air at high velocities. The wurst case within the runge of the proposed
standard sizes and at the highest design velocity is as follows: assuming that a one
inch split was previously the desired minimum and that a 4-inch x 4-inch duct carrying
444 cfm 14000 fom is to be divided into two ducts, a I-inch split would divert 111 cfm
proportionately. The resulting two ducts would then be 1-inch x 4-inch duct carrying
111 cfm at 4000 fpm and a 3-inch x 4-inch duct carrying 333 cfm at 4000 fpm. ’

Assuming that the split is made on the supply side of a system. the conditions
that a 2-inch incrementa! spitting standartl would create would be: an ubrupt expan-
sion of the 111 cfm to 2000 fpm. resulting in a dynamic loss of .25-inch H+0: and an
abrupt contraction of the 333 cfm to 6000 fpm, resulling in a dynamic loss of .28-inch
H:0. In this worst case. the resulting losses are obviously unacceptable. However,
this case is not ikely on the exhaust side of a system. because if standard sizes were
used, their combination would presumably be another standard size.

The best case resulting (rom the disproportional division of n main duct carrying
air at 4000 fpm would be where a S4-inch x 18-inch duct were dividedintoa 26-inch x
18inch duct and a 28-inch x 18-inch duct when an equal split is required. The
resulting abrupt expansion foss wonld be .002-inch Ha0. and the abrupt contraction
foss would be .009-inch H10. Just as vbviously, these losses are acceptable.

The above cases have been calculated assuming the highest velocity and greatest
disproportionality and so reflect the greatest losses for both the worst and best cases.
Most actual fosses will be between the values calculated and lower than the arithme-
tic mean. 1 is estimated, therefore, that in the mujority of cases the losses will be

acceptable.



APPENDIX A
DESIGNER'S PAMPHLET

This appendix contains a catalog to facilitate n designer’s selection of standard
components. It must be used with the available dimensional criteriu and material

requirements; see Appendix C.
Any proposals for significant modification of this Appeadix, or of Appendix C.

should be addressed to the: R&D Program Manager. Todd Shipyards Corporation.
Seatile Division. P. O. Box 3806. Scattle, WA 98124,
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1.

MOTES
DEFINITION OF TERMS
WATEZRTIGET - THOSE DUCT COMPONENTS DESIGHED, FABRICATED AND INSTALLED, TO OFPER
THE VESSEL PROTECTION AGAINST FLOGDING FPROM zxmmmumsmm

m mmncmmm SEALL EAVE
mmmmm.num THRE APPROPRIATE GASKETED

CONNECTIONS.
cxmwrmmmnw-mz DUCT COMPONENTS DESIGNED, FABRICATED, AND
INSTALLED TO SATISFY CLASS 'A' FIRE PROTECTION REQUIREMENTS, AS DEPINED BY THE
UNITED STATES COAST GUARD, (REF 4).
CLASS ‘B' PIRE PROTECTION DUCT COMPONENTS DESIGNED, ruxmm

- THOSE DUCT
.mmm'l'rmmwmms mum
UNITED STATES COAST GUARD, {REF 4).

*NON~WATERTIGRT® - TEOSE DUCT NOT DESIGNED T0 BE WATERTIGET. NOR-
WATERTIGHT mmnmmmmm.

BEING THAT NON-TIGHT COMPOMENTS ARE o ‘SEALED, AND + TO OFFZR
mmmmm.mm . MUST USUALLY A
PRESSURE TBST ENSURE MININAL LEAXAGE. IT 1S EMPHASISED THAT THERE SHOULD BE
wmmmmuuwmmmmmm. EXCEPT FOR THE
DEGREE PASG TEZ PRESSURE TEST.

OR OPENINGS. mmmmm.mmnmwmm

CONPONENT DIMENSIONS IS NOT SIGNIFICANT. POR ELBOWS, THS GIDE OF THE ELSOW IN THE
-mwmmcmmxmummmmmmmmmm.
THROAT, OR WRAPPER) MUST BE DESIGNATED D.

mmmmnmsmmmmmm z.mmmm

RC = RADIUS CORNER
C=-C = CENTER T0 CENTER

THE FOLLOWING LETTERS HAVE BEPN USED FOR DIMENSIONAL SYMBOLS:
I‘-xmams -
TR = TEROAT RADIUS
HR = EEEL RADIUS
c-m—mnmmmmmmsmsssm
§1, $2, 83 = SPLITTER RADII -
p, Dl, D2, W, Wi, W2 = COMPONENT CROSS-SECTIONAL DIMENSIONS
ANGLE OF TURM, AND PIATE

mmmawnmnmmm-mm.mmn-
MENTS, AND WEIGHTS" TABLES. mmmumumnm
oﬁnmmm . OFFSETS, ENDS OF TRAMSFORMATIONS, ARD
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2.

NOTES (CONT'D)

(CoNT'D)

A RECAP OF THAT TABLE IS AS FOLLOWS: L

D OR W (SIALL DIMENSTON-INCEES) D OR W (TARGE DIMENSION-INCHES)
2 4.6 8.
' 4y 6, 8,40, 14,
6 - "6, 8, 10,..., 18.
s 8, 10, 12,..., 24.
10 10, 12, 4,..., 30.
12 : 12, 14, 16,..., 36.
4 14, 16, 18,..., 42.
16 16, 18, 20,..., 48.
18 18, 20, 22,..., 54.
20 20, 22, 24.
22 22, 24.
24 24

AS MAY BE SEEN, DUCT COMPOMENT CROSS-SECTIONAL SIZES EAVE BEEN STANDARDIZED TO
IWO~XNCE INCREMENTAL CHANGES. m.mmm THE "STANDARD
nm'umm. Ir 18 mmmnmmmum

TABLE ARE TO umuw WEERE IT I8 NOT POSSXELE TO UTILIZE
cuor::mﬂmu mnw nmwnmmumgp
N> ¥ 2 mmmmnm

CONSTRUCTION
DRANINGS (REF. 3), mmmz (RE?. 1), numm
THCREMENTAL SIZE STANDARD PROVISION POR TEE
, 1P MECESSBARY. IT IS AGAIN STRESSED THAT THE

E gg gaa

GRADE 1 (20 ga STEEL) - USED FOR ALL NON-WATERTIGHT DUCT COMPONENTS WHOSE LARGEST
CROSS~SECTIONAL DIMENSION IS 24" OR LESS.

mztzsnm)-mmmmmmmmmszmr
CROSS~SECTIONAL D IS GREATER TEAN 24%.

GRADE 3 (11 ga STEEL) - USED FOR ALL DUCT
TI68Y

COMPONENTS EXPOSED TO THE WEATHER, WATER-
TO CLASS 'A' FIRR TON

Mm PROTECY. REQUIREMERTS, AND
cmmcnmumm APPRECIABLE DAMAGE (OUTSIDE OF DRY CARGO EOLDS) .
GRADE 4 (3/16" STEEL) - USED POR ALL HORIZONTAL DUCT COMPONENTS IN DRY CARGO ROLDS.
cm5(u4'm1~mmmvmm DUCT COMPONENTS IN DRY CARGO HOLDS,

OF THE ABOVE DUCT MATERIAL GRADES SATISFY CLASS °'B' FIRE PROTECTION REQUIREMENTS.
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ABY

mummmmmrmormmmmummu
BOUATION (INCLUDING ALLOWANCES FOR TRANSVERSE CONNECTIONS AND
mmm:.man.
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4.

NOTES (CONT'D)
{CONT*D)
M= (;’:1'2[%;24'"01)
WHERE:

M = NET MATERIAL REQUIREMENT FEET
w-'rnnmxuummmcg‘n

D = °D" DIMERSION OF DUCT IN INCHES

L = LENGTH OF DUCT IN INCHES

mmmmlml.z OR 3, NON-TRANSFORMING ELBOW (WITHOUT SPLITTERS)
MAY BE APPROXIMATED USING THE FPOLLOWING EQUATION (INCLUDING ALLOWANCSG PO8. Rabiosiih
Cmmmmm’

u - [hemmxema] o

THE MATERIAL REQUIRED FOR A SPLITTER IN A TYPE 1, 2, OR 3, NON-TRANSPORMING ELBOW
MAY BE APPROXIMATED USING THE POLLOWING BQUATION:

He= Di%*l]

u-mmmmnmm
sruﬂummm

n-'n'nm mnm

A = ANGLE CF TOURN IN DEGREES

THE MATERIAL REQUIRED FOR A TRANSPORMATION MAY BE APPROXIMATED USING TRE POLLOWING
EQUATION (mmmmmm AND LONGITUDINKAL SEAMS):

H= + D2) + + ) +

SINCE THE 'L° mmmmmnmmmmmamw
mmm uwm nunonn:gn

>
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5.

7.

SPLITTER OCATION

mmnnmummmco.mmmmmnnm-mumm

DETERMINE EZBOW SPLITTZR - (BXCEF? POR VARES

USED IN THE TYPE 4 ELBOW, Wammmmmmm
SPLITTER LOCATIONS ARE ALSO LISTED IN REF 1.

TIE 4 Esow (vanem) -

THE VANED ELBOW SEOWN BAS BERN mmmm TED OR
COMMERCIALLY BOUGRT VANES AND VANE RUMNERS. THE TURNING VANES INDICATED
mummmm nmmmmmm mmm
AVAILABLE WITH mmmm WALLS .
mmmmwwnmmmw,mm $!l¢8
THE VAMES WILL NOT OTHSRNISE PERFORM CORNECTLY. mmzormmnmnm.
MINTMUM USE SHALL BE MADE OF THIS COMPONENT TYPE

THE USE OF ELBOW 7O EL OFFSETS ARE A FREQUENT OCCURENCE, AND SOME FABRICATION SHOPS
PREFER TO MAKE THESE ONR COMPOMENT. SINCE TEEY ARE MADE IN ONE PIECE, THERE IS NO
NEED POR A *C" DIMENSION ALLONANCE THE TWO QFPSETTING KLBOWS. HOWEVER,
; mmrmmmw CONCERNING THEIR
, LIMTTATIONS OUE mm THE MAXINUM SIZE OF COMPOMENT
mmrmnumu!wl. .

IF USED, TEE OFFSETS HAVE BEEN DEVELOPED TO BE SELECTED ON 1° INCREMENTAL CHANGES IN
DUCT CENTERLIME LOCATION. FOR DESIGN PURPOSES, THE TOTAL OFFSET LENGIE MAY BE
CALCULATED FROM TEE EQUATIONS GIVEN. AS NOTED, THIS LENGTH DOBS NOT INCLUDE THE
*c'nmmmwmmwmmm

THE SELECYION OF TRANSFORMATION COMFIGURATIONS AND LENGTH IN MARY CASES WILL DEPEND
O THE EPACR AVAILARLE. n%nmmmmmm REPERENCED

: BE LOCATED
pucT 1P mnnmn/m QUANTITY RATIO IS5 10 PERCENT OR L2SS. IT 1S
THAT THE SRANCE/MAIN AIR VELOCITY RATIOS BE SELECTED 70 MININIZE
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10.

NOTES (CONT'D)

DUCT REDNFORCEMENT
mmnmmmmmmmmmm, THE DESIGNER MUST FIRST

THE STATIC PRESSURE EXISTING WITEIN THE DUCT AT VARIOUS POINTS. THEE

FOLLOWING DATA WILL AID IN THAT DETERMINATION:

STATIC PRESSURE AT ANY POINT ON SUCTION SIDE OF FAN
SP = - )

STATIC PRESSURE AT ANY POINT ON DISCHARGE SIDE OF FAN
SP = PTP -{TPLVP)

IT IS RECOMMENDED THAT THE USE OF TYPES 2, 5, AND 7 FLANGE CONNECTIONS BE MINIMIZED
CONMECTIONS

IN FAVOR OF TYPES 1, 3, 4, AND 6 FLANGE
ACCOMPLI! WILL DEPEND UPON

USING ONE OF THE TIPE . , THE DIMENSION WHICH THE DESIGMER MUST
mrwg’mmmmmwmammmmmmm

TOTAL CONMECTION = TYPE 1 CONNECTION
TOTAL ALLOWANCE = 1/4® + 1-1/4" = 1-1/2°

EXANPLE:
MATED TO TYPE 4 CONMECTION

TABLE INDICATES THE TOTAL IN-LINE ALLOWANCE WHICE MUST BE PROVIDED
VARIOUS CONBINATIONS

mamm:sm,mmmmnm. A DASE (~)
munmmmmmwmmmmmmmm.
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NOTES (CONT'D)

12. (coNT'D)

COMMECTION o | e . i
e vl o2l s es | s |7 {e]e e |1 22002
1 wval| - | wvalaad - e - | -4~} - - - -
2 1T -1 <{- bva -Jaal-1-14-1-- - -
3 vzl - | -lvwa - faww} - §-1-1 - - - -
s 12| - bw2|2-wd - s} - | -1 -] - - - -
s ~ e -1 -1~} -1-1-1=-1+= - - -
6 wval - | wajarad - o} - | -] - - - -
7 - wd -1-1-1-1-1-1-1° - - -
s -1 -1 -1-1-1-1-1]ol-1+= - - -
9 -1 -1 -1-1-1-1-1-1321- - - -
10 -1 -1 -({-1!-}-1-41-1-12 - - -
1 -1 -1! -1-1-/-1t-1-1-1-= 1 - -

Twsol -1 -1 -{- -1 -1=-1-1-19° -l ] -

12 (ALTN) -1 -1 -1-1-}t-1t-1-1-1- - - 1

~-mmmmmmzm. THEIR USE 1S THEREPORE LIMITED

mmmuamm&muc&nm.

m'c'nnmmmmmumwwmsmm.
nmmmmmummmmamm.
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NOTES (CONT'D)

13. TYPE )2 COMNECTION (LATCE TYVE)
mmmmwmmmzmmmm.mmnmmn—
mmmmummﬂnmmsmmmm
PARALLEL THE ; 'S CENTERLINE. m;mmmwmmm—
umummtwwm%mm:mmaamm
IZED ON COMPONENTS WROSE LARGEST DIMENSION IS GREATER THANW 36".

14. DESIGN GUIDANCE
mmmmmumm&mkmummm
mwumwmmmmxﬁmmmm.

A-MW‘!WI‘WWW&M'WHM‘W
wmmmmmmumm
POR SPECIAL PITTINGS.

B*MWWWWSM.MMWWMIMS
SEOULD BE MINIMIZED AS POLIOWS:

- USE FLARGE TYPES 1, 3, 4 AWD & IN LIEU OF FLANGE TYPES 2, S AND 7,
70 REDUCE THE REQUIREMENT POR TRANSPORMATION TYPES 2 AND 5.

- WHERE POSSIBRLE, COAMI . CROSS-SECTIONAL DIMENSIONS SHOULD BE THE
SAME AS THE X DUCT DIMENSIONS SO TEAT TEE. ABOVE MAY BE
ACCOMPLISHED WITAOUT TRANSFONMATION.

- ONE DUCT SIZE SHOULD BE UTILIZED AS MUCH AS POSSIBLE ON ANY
PARTICULAR DUCT RUN TO REDUCE TRE NECESSITY OF TRANSPORMATIONS.

C - WEERE PRESSURE DROP COMSIDERATIONS PERMIT, THE
PONENTS OF THE SAME AD CONFIGURATION ON A PARTICULAR DUCT RON
WILL MININIZE PATIEER I » AND THE FABRICATIOR OF MORE COM-
PONENTS THAN ARE MECESEARY.

« WHERE PRESSURE DROP CONSIDERATIONS PERMIT, BRANCE TAKE-OFPS SHOULD BE
UTILIZED IN LIEU OF DUCT SPLITS.

D
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15.

16.

(CORT*D)

on PAN
LOSS = NAVY LOSS X [7

NOTES (CONT'D)

ANY .
-m:lmmwhm;.m-mmmmmummoucmm.

SAKE-OFF (COMSTANT MAIM SIZE) ON SUCTION SIDE OF PAN.

LOSSES Od DISCHARGE SIDE OF FAN

‘MM”NMM(WMSIR)WDIMBMNPM.

nmum‘ummmnﬁ‘mmﬂ&b.ﬂ:mnmmnuammm
COMBIRX! :
___ COMPOMEWT __ _MATERIAL APPLICABILITY
STRAIGHT DUCT 11 ga OR THICKER WATERTIGHT
TYPES 1 TO 4 ELBOWS CLASS A FIRE PRO-
TYPES 1 AND 2 OFPSETS TECTION
TYPES 1 TO 6 TRANSPORMATIONS RAT PROCP

16 ga OR 20 ga

TYPES 1 TO 10 BRAKCE TAKE-OFFS

11 ga OR THICKER, WITH TEE
BRANCH AND MAIN WELDED

RAT PROOF

16 ga OR 20 ga WON-WATERTIGHT
CLASS B FIRE PRO-
TECTION .
RAT PROOF

W fae L TTTTTTT T

N

cezoc-t
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NOTES (CONT'D)
16. (CONT'D)

COMPONENT MATERIAL APPLICABILITY
TERMINALSS - TIGRTNESS-NOT APPLIC~
CONE ABLE
BELLHOUTH PIRE PROTECTION - NOT
COAMING APPLICABLE
SIDE~OF-DUCT BAT PROOF - ONLY WITH
OPEN-END %"= WIBE MESH

TYPE 1 ACCESS COVER

11 ga OR TRICKER

WATERTIGET
CLASS A FIRE PROTEC-
TION

RAT PROCF

16 ga

NON-WATERTIGHT

CLASS B FIRE PROTEC-
TION

RAT PROCP

TYPE 2 ACCESS COVER

RON-VATERTIGHT
CLASS B FIRE PROTEC-
TION

RAT PROOP
TYPES 1, 2, 3, and 8 - WATERTIGHT
TRANSVERSE CONNECTIORS CLASS A FIRE PROTEC-
RAT PROOP

TYPES 4 TO 7, AND 9 70 12
TRANSVERSE COMNECTIONS °

NON-WATERTIGET
CIASS B FIRE PROTEC-
TION

RAT PROOF

DUCT REINFORCEMENT

NON-WATERTIGET
CLASS B FIRE PROTEC~
TION

RAT PROOF
TYPES 1 T0 5 had NON-WATERTIGHT
LONGITUDINAL SEAMS gglntmmc-
RAT PROOF
TYPES 6 AND 7 - WATERTIGHT
LONGITUDINAL SEAMS CLASS A FIRE PROTEC-
RAT PROOF
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.
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STAMDARD 128, MATERTAL KEQUIRENENTS, AXD VEIGHTS STANDARD SIZES, MATERIAL REQUIRENENTS, AND WEICTS (CONT'D)
VETGRT ¥R LINEAR FOOT (LD ,
nz. | o wewnm er%f%r-'am-r— uz ML ropu TR
(nones) | PRLIMG R @0 | a6 | alem foNen  fanm. O] o et ) e Jase
2 x4 1.0 1.66 - .16 7.81 10,36 10 x 24 5.67 9.39 - 23.23 44,26 $8.72
2x6 1,33 2.20 - 6.86 10,38 13.77 10 x 26 6.0 - 15.94 | 30,94 46,84 62.14
228 1.67 2.77 = 861 1 13.08 | 17,29 | | 10x28 §.33 : 16,01 | 32.64 49.41 §3.55
| _10x30 ¢ 6.6 L] 12,724 04,39 | s2.07 | 69.07 |
Ax4 133 2,29 - 5.06 1038 1 1.7 .
4x6 1.67 2,77 - 8,61 | 13.04 17,29 12 x 12 4.0 6.62 - 20.62 31.22 [T
4xs 2.0 ° 3,31 - 10,31 15,61 0.1 12 x 14 4.33 7.17 - 2,3 | 3.0 46,84
4 x10 2,3 3.86 - 12,00 18.19 24,13 12 x 16 4,67 7.73 - 24,08 36.48 48.36
dx12 2,67 4,82 - 13,77 | 20,84 27,65 _ | 12 x 18 5.0 ° 8.28 - 25.78 9.0 s1.28
b x 14 3.0 4,97 - 15.47 | 2.4 an07 | | 12x2e 5.33 s.83 - 27.48 aLe1 | ss.2e
) | | 1222 s.67 9.3 - 29.23 .26 38,72
| 6x6 2.0 331 - to.n | 156§ 207 e 6.0 9.94 - ] s | se.m 62,04 |
| 6x8 2.3 3,86 - wor | 1039 | 2.1 | 1 x26 .33 - 16,8 32,64 9.4 63,53
6 x 10 2 2,67 4,42 - 13,77 | 2084 27,65 | | 12x28 .67 - 17,72 | 34,39 52,07 69.07
6x12 3.0 4,97 - i 23,42 07 | 12x30 1.0 - -18.59 | 36,09 4.64 2,49
6 x 14 3.33 .31 - .47 5.9 3,49 | 12 x32. .33 - 19.47 | s 57.22 5.9
6 x 16 3,67 6.08 - 18,92 | 20.63 38.01 12 x 34 .87 - 20,37 | 39.33 59.87 79.43
6x18 4.0 6,62 - w6 | 3.2 81,42 | 12 %3¢ 50 - 21,25 | an2s 62.45 82.8%
sx8 2.6 .42 - 13,77 | 20.84 21,65 14 x 14 4.67 .13 - 24,08 36.45 48,36
8 x10 3.0 4,97 - 15,47 23,42 31.07 14 x 16 5.0 8.20 - 25.78 3.0 s1.78
8x 12 3.2 5.5 . It V] 2599 .49 | | 1ax 38 533 8.0 - 22,48 | 4161 $5.20 |
8 x 14 3.67 6,08 - 18,92 28,88 2300 |'| x20 5.67 9.3 - 29.23 4.26 58.72
8 x 16 4.0 6.62 °f - . . 31,28 A82 | Wx22 6.0 . 9.94 - 30,9 45.84 62,14
s x18 [T “7.17 - 22,33 2,80 54,84 14 x 24 §.33 10,48 - 32,64 | 49.41 | 65.38
8 x 20 4,67 7.73 - 24,08 36.45 48.36 14 x 26 6.67 - 17,72 | 34,3 52.07 69,07
8 x 22 5.0 5.28 |- - 25.78 .03 51,78 14 x 28 7.0 - 18.59 | 36.09 54,64 72.49
8 x24 533 8.83 - 27.48 | 41.61 33.20
Tow 1o T 51 " R .99 YT NATIONAL SHIPBUILDING RESEARCH PROGRAM
10 x 12 3.67 6,08 = 18,92 { 28.65 | 9m.01 RECTANGULAR DUCT STANDARDS
10 x 14 4.0 6,62 - 20,62 B2z | 842 |
10 x 16 4.7 7.17 - %.3 a-)!" 44,84 SIRE[ MARAD CONIR] Y080 PAAWING NO. aev
10 x 18 4.67 7,73 - 26,08 38,63 48.36 | ® | 2-38233 4966-5K-006 .
10 x 20 5.0 9,28 - 2578 .03 | stis -
10 = 22 3.33 8.83 - 27.48 41.61 55.20 LLE L L R 1T [ eeviscan NONE | X :
: A
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srimm S12ES, MATRRIAL REQUIREMENTS, AND WEIGHTS (cont'D) STANDARD SIZES, MATERIAL REQUINEMENTS, AND WRIGITS (cont*D)
s12e8 MATERTAL MRQUIRED : — s1ze ——— WELGET PER LIMEAR OO (LBS)
(INCHES) PER LINEAR FOOT POR [ GRADE 1 | CRADE 2 jamane 3 [cmrapE 4 | GRADE 5 ancis) FER LINEAR FOOT POR onapR & Jomane 2 | omapx 3 | GRADR 4 fomane S
STRATGHT BUCT (FT2 )} (20 ga) | (16 ga) | (31 ga) | 3708y | e1/am) STRATGNT DT (rPS )| (20 ga) | (16 ga) | (11 ga) | (3/26") | (1/4%)
14 x 30 7,3 = 19,47 | 3179 | s9.22 § 7391 | | 18x138 9.33 = 24,78 A8.11 72.83 96.62 |
|14 x 32 2,67 = 20,37 | 39.35 | 39.8) 19.43 18 x A0 9.67- el 23.68 49,86 | 75.48 | 100.14
14 x 34 8.0 - 21,25 | 4825 | 62:45 | 82,85 18 x 42 10.0 - 26,56 51.56 78.06 | 103.36
1h % 36 8.3 - 22,02 | 42,95 | 65.02 86.27 18 x A4 10.33 - 27,44 53.26 80,64 106.98 |
14 x 38 8,67 - 23,03 470 | 67.68 89.79 18 x 46 10.67 - 20,34 55.01 83.29 | 110,50 |
14 x 40 9.0 - 23,90 | 46,40 70,23 $3.20 | | .10x48 11.0 - 29,32 36,22 25,07 { 113,92 |
14 x 42 9,33 - 24,78 48,11 72,83 26,62 18 x 50 1.3 - 30,09 36,42 88,44 117,33
1825 11.67 - 31,0 60,17 91.10 | 120.85
16 x 16 3.3 8.83 = 2048 1 41,61 1 55,20 ) | t8x 34 12,0 = 31,87 1 61.80 1 93.6) } 124,37 |
16 x 18 3.6 s = 29.23 | 44,26 | 3872 |
16 x 20 6.0 9.94 = 30,96 | 46.84 62.14 |20 % 20 6.67 11,03 = 34,39 32,07 | 69,00 |
16 x 22 6.33 10,48 = 32,68 1 49.41 | 65,53 | | 20x22 1,0 11,59 = 36,09 58,68 1 12,49 |
16 x 24 6,61 11.05 - 34,39 | 52,07 1 69.00 .20 x 24 1.3 12,14 - k19, ) $2.22 1 15.91
16 x 26 7.0 - 18,59 36.09 54,64 72,49 R
16 x 28 7.33 - 19,47 .79 | sna 75.91 22 x 22 7.9 12,14 - 7.1 s7.22 | 5.9
16 x 30 7.67 -, 20,37 39.55 59,87 79.43 22 x 24 7.67 12.70 - 39.58 39.87 79.43
__16x: 8.0 - 21.25 41.28 | 62,43 42,83
16 x 34 8,33 - 22,12 42,93 | es.m 85,27 26 x 24 8.0 13.23 - 41,25 62,45 82.83
16 x 36 8.67 - 23.03 .70 3 67.68 .79 ALL WEIGHTS ARE BASED ON GALVANIZED STEEL (EITUER BEFORK GR APTER PABRICATION),
16 x 38 9.0 - 23,90 &b.40 | 70,23 93,20
e =tiemd  MATERIAL QUANTITIES AND WEIGHTS AS LISTED ARE BASED ON WELDED ITUDIRAL SEAMS, 1P
16 x 40 9.33 - 3,70 | 41 | 72,83 | 966 |  yux 20 ga AN 16 ge DUCTS ARE TO NAVE EITHER PITTSMUAGH SEAMS, OR SYAP-LOCK SEANS, TR
16 x 42 9.67 - 25.68 | Ap.6 | 2548 1 300.14 FOLLOWING CORRECTIONS SROULD ER MADE:
16 x %4 10.0 od 26,36 31,36 78,06 1 103,36 20 ga — ADD .:5 FT* OF MATERIAL FOR EACH LINEAR FOOT OF SEAM,
. p — 490 .28 FOR EACH LIMEAR POOT OF SEAM,
16 » 46 1.2 .44 | 99,36 1 80,64 1 106,39 16 g3 — ABD .15 VT OF MATERLAL POR EACK LIMEAR FOOF OF SEAM.
16 x 48 10.67 - 28,3 | ssof | 83.29 110,30 ~— ADD .40 LBS FOR EACH LINEAR POOT OF SEAX,
SEE NOTE %O, 3 POR EXPLANATION OF TIE VARIOUS GRADZ MATERIALS,
18 x 18 $.0 LK. = 20,98 1 46,84
18 x 20 6.33 10,48 - 32.64_ | 43.41 65.35
18 x 22 6.67 11,05 - 34.39 52.07 69.07 M .
18 % 24 7.0 L5 T 3.09 oth 7549 NATIONAL SHIPBUILDING RESEARCH PROGRAM
] 18x26 | 2.33 - 19,47 3.3 | 57.23 25.91 RECTANGULAR DUCT STANDARDS
18 x 28 7.67 - 20.37 ».5s | 5.8 79.43
18 x 30 8.0 - 21.23 g.zs‘ g.ts $2.85 sizs ] manap contafl 1080 PRAWING NO. asv
18 x 32 5 - 22,12 . 5 .27
= 2.2 42,93 1 3.0 | e || 2-36233 - 4966-8K-006
18 x 34 8.61 = 23.03 44,70 ——
18 x 36 9.0 - 23.90 46,40 | 70,28 93.20 [T LT 1111 Jeevfasas NONE | L
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COAMING INTERIOR

- AVAILABLE SADIUS CORMERS
"I e
_(INGAES) —n 2 i B -
2 " 1 . - -
A 1 2 - -
! 6 1 3 - -
8 1 2 4 -
10 2 3 5 -
)2 2 A 3 -
% 2 4 1
18 2 4 [ ] 8
18 3 s 2 3
20 3 s ? 10
22 3 $ 8 1
24 3 [ 9 12

WHERE: -
RL=THE MINIMIK RADIUS CORNER FOR THE DUCT S1ZE GIVEN AND SHOULD BX UTILIZED 1IN ALL CASES
UNLESS STRUCTURAL STRENGTH CONSIDERATIONS AEQUIRE A LARGER RADIUS.

22,03, RO=OTHER RADIUS CORNERS AVAILABLE FOR TUE DUCT SIZE GIVEN, WIERR STRUCTURAL COMSIBER-|
ATIONS REQUIRE THAT A RADIUS LARGER THAN Rl BE USED, THE SMALLEST ACCEPTAMLE R SHIOULD BE
SELYCTED FROM THESE,

THE USE OF THE SMALLEST ACCEPTABLE R 15 RECOMMENDED, TO ALLOW THE ELIMINATION QF SPECIAL
TRANSFORMATIONS BETWEEW THE COAMING AND DUCT. '

ALL RADIUS CORNERS USED MUST BE IN WHOLE NUMBERS (1", 2", 3", EIC), TO SUIT TIE FLANGE
BOLTING PATTERRS.

HAS BEEN INCLUDED YOR PURTOSES., TR VERTICAL AXIS SEPRESENTS THE DOCT SMALL
8 DIMERSION, MEAYY HORIZONTAL LINES THE RANCE OF CROSS-
ARRA BY ROLOTIG THR SIALL DIMENSION CONSTANT, AD PERMITIING TN
10 mmw CRANGES ALLOWED BY THE TAMR OF “STAN-

RO FRTJ

THE POLLOWING CHART DEPICTS THE EXTEWT OF AREA VARIATION FOR THR STANDARD DUCT SIZES,AND

[3

i

DUCT SMALL CROSS-SKCTIONAL DINMENSION (INCEES)
o » .

9,
A
b
@
»
o

NATIONAL SHIPBUILDING RESEARCH PROGRAM

RECTANGULAR DUCT STANDARDS

SITE ] MARAD CONIR]TOPE BRAWING NO. ety
® | 2-36233 4966-5K-006
TITTT 111 | sev]scase NWE ToweniiB.or 3]
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L SAOWN

E i TYPE 4-
BUTTON PUNCH

TYPE (- PITTSBURGH

CORNER LOCK SNAP LOCK
TYPE 5-
OVERLAP RIVETED
TYPE 2: 0R SPOT WELD
CORNER WELD
TYPE 3-
DOUBLE SEAM

- LONGITUDINAL SEAMS
( NON - WATERTIGHT)

FOR INFO ONLY -SEAM TYPE
\S SHOP DECISICN-

- e o ——

TYPE G- CORNER WELD

NARAR.

TYPE 7- BUTT WELD

LONGITUDINAL  SEAMS
(WATERTIGHT)

SHOANN FOR INFO ONLY -~ SEAM TYFE
1S SHOP CECISION.

e o o]

STRA\GHT DuCY

INATIONAL SHIPBUILDING RESEARCH PROGRAM

RECTANGULAR DUCT STANDARDS

$12¢ ] MARAD CONTR]TOPD BRAWING NO. sty

|| 2-36233 4966-5K-006

[T 1T 1 B g1 0 foaer

seats NONE JsusariGor 3]
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..-D—-ol

s v o comnsunend

NOMBER ,
TR=W/4 MINIMUM W=8" HRz= W+TR
Agvmw SPUTTERS)=15] 807453605 15 90°
AWITH SPUTTERS)= 4% 605, 155 90°

PREFERRED USAGE!*

‘WHERE SPACE AND PRESSURE -DROP

CONSIDERATIONS REAQUIRE. SEE

NOTE 5 , OR REF ), FOR SRUITTER
RADIl S\, S2, AND S3.

T

ELBOW
( uEu: -T&om g%mus)

TR=W/2  MINIMUM W= 4" HR=W+TR
A%J‘M SPLTTERS)=155 303455603 15 90"
A(WITH ssi’t.ﬁgmnsh 30°% 455 ¢0°75% 90
WHERE SPACE AND PRESSURE - DROP
CONSIDERATIONS REGUIRE. SEE
NOTE § ) OR REF |, FOR SPLITTER
RADII S\ AND S2.

NOMBER OF SPLITTERS = O OR 2. f

1
==

TYPE | ELBOW

(FULL-TAROAT RADIUS)
NUMBER OF SPLITTERS = O
TR=W
Az 1530545°%60% 155 20%

HR= W+TR
PREFERRED USAGE !

IN ALL CASES WRERE SPACE AND
PRESSURE -DROP CONSIDERATIONS
ALLOW.

NATIONAL SHIPBUILDING RESEARCH PROGRAM

RECTANGULAR DUCT STANDARDS
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TIYPE 2 OFFSET
/QRELF TAROCAT RADII)

X JVBER Of SPLITTERS = O OR2. TR = W/2.

N W =47 X =CENTERLINE OFFSET IN ONE-INCH
INCREMEN"S UP TO 2W MAY. MIN A (WiThouT
SPLITTERS)® 15 % MIN A (WITK SPLITTERS) = 30°%
L= f@vxyix

TER DSAGE ¢

WHERE OFFSET 1S DESIRED ARD SPACE AVAILABILITY
£IES NOT PERMIT FULL- THROAT ELBOWS.
SEE NOTE 1 FOR LIMITATIONS. SEE
NOTE 5 , OR REF |, FOR SPUTTER
RADIN Si AND S2.

TYPE | OFFSET
(FULL-THROAT RADI)

NUMBER OF SPLITTERS=0. TR =W.
¥ * CENTERLINE OFFSET IN ;?“ﬁ( gus‘uw
WCREMENTS UP TO 3W MAX. MINY

A= 157 L= Rew-xw'

PREFERRED UGAGE:
IN ALL CASES WHERE OFFSET IS REQUIRED
AND SPACE AVAILABILITY PERMITS FULL-
THROAT ELBOWS.
SEE NOTE 7 FOR LIMITATIONS.

(B

R e

A,

DOUBLE WALL VANES,VANE SPACING = 2",
He Wa+4", ANGLE OF TURN = 90° ONLY,
MINIMUM W = 4"  MINIMUM D = 4"
PREFERRED USAGE:
ONLY WHERE STABILIZATION OF AR
FLOW DOWNSTREAM OF TURN IS REGUIRED,
SEE NOTE & FOR VANE INFORMATION
AND LIMITATIONS.

NATIONAL SHIPBUILDING RESEARCH PROGRAM

RECTANGULAR DUCT STANDARDS

sizeflmanao coNR] 100D ORAWING NO. sty

B 2-16233 4966-SK-006

scase NONE JanrasiBor 3]
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TYPE

RMATI0
SYMMETRICAL
'PREFERRED USAGE:

th ALL CASES WHERE TRANSFORMATION
1S REQUIRED BETWEEN RECTANGULAR
AND ROUND COMPONENTS.

SEE NCTE 8 FOR LIMITATIONS.

TYPE 2 TRANSFORMATION
.'_?%’Vﬁg'ﬁ—(frn_—“w METRY
PREFERRED USAGE :

ONLY WHERE PRESSURE- DROP
CONSIDERATIONS DO NOT ALLOW
USE OF FLANGE TYPES 3, AND |, 4,
OR 6 BETWEEN RECTANGULAR AND
FLAT-OVAL OR RADIUS CORNER

COMPONENTS.
SEE NOTE 8 FOR LIMITATIONS.

g

TYPE | TRANSFORMATION
(SYMMETRI\CAY
PREFERRED USAGE !
IN ALL CASES WHERE
TRANSFORMATION 1S REQUIRED

BETWEEN RECTANGULAR TS.
SEE NOTE 8 FOR LIMITATIONS.

INATIONAL SHIPBUILDING RESEARCH PROGRAM

RECTANGULAR DUCT STANDARDS

108p MRAWING NO. sev

4966-SK-006

stzefmanap céNre

B8 2-36233

LU T TR BB ] Jee

scane Naﬂ:é
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FLAT - SIDE
PREFERRED USAGE!

W ALL CASES WHERE TRANSFORMATION
1S REQUIRED BETNEEN RECTANGULAR
AND ROUND COMPONENTS AND SPACE
AVAILABILITY REQUIRES THAT ONE
SIDE BE KEPT FLAT.

SEE NOTE 8 FOR LIMITATIONS.

F S s

ONLY WHERE PRESSURE -DROP
CONSIDERATIONS DO NOT ALLOW
USE OF FLANGE TYPES 3, AND |, 4,
OR 6 BETWEEN RECTANGULAR AND
FLAT-OVAL OR RADIUS CORNER
COMPONENTS, IN COMBINATION WITH
TYIPE 4 TRANSFORMATION.

SEE NOTE 8 FOR LIMITATIONS.

=1t

FLAT- SIDED)
: N .-'.

PREFERRED USAGE

IN ALL CASES WHERE TRANSFORMATION!
1S REQUIRED BETWEEN RECTANGULAR
CONPPONENTS AND SPACE AVALABILITY
REGQUIRES THAT ONE SIDE BE
KEPT FLAT.

SEE NOTE 8 FOR LIMITATIONS.

NATIONAL SHIPBUILDING RESEARCH PROGRAM

RECTANGULAR OUCT STANDARDS

$11¢| MARAD CONIRITOPD BRAWING NO. asy

8| 2-36233 4966-5¥-006
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scait NONE
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TYPE 3 BRANCH TAKE-OFF

RECT BRANCH - FLARED
RECT MAIN (CONSTANT SIZE)
TAKE -OFE ANGLE =90°

K "7\
A

w2z LEWI = . 5wl (2.5"MIN)

SEE NOTE 9 FOR
FURTHER INFO.

Lo ..

WY,

] e

) G—'] - ) 1
! L-DIA dl—-——«._.J\ !'
— r—*IL:—fJ

TYPE 2 BRANCH TAKE-OCF

ROUND BRANCH
RECT MAIN (CONSTANT SIZE)
TAKE -OFF ANGLE = 90°

SEE ROUND DUCT STANDARDS
FOR DIMENSIONS C ARD L.,

SEE NOTE 9 FOR
FURTHER INFO.

- """l
e %T:! ek |4/‘ :
NI L |
b 'L-!I‘l”——-——-}’_“q'

T~
> A

TYPE | BRANCH TAKE-OFF

RECT BRANCH
RECT MAIN (CONSTANT SIZE)
TAKE-OFF ANGLE =90°

SEE NOTE 9 FOR
FURTHER NtO.

INATIONAL SHIPBUILDING RESEARCH PROGRAM

RECTANGULAR.DUCT STANDARDS

staef Mama® CONTR

TOS SRAWING NO.

(11

® | 2-36233 4966-SK-006
M T T T T I lene NONE | A ]]
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TYPE G BRANCH TAKE-OFF

ROUND BRANCH

RECT MAIN  (CONSTANT SIZE)
TAKE-OFF ANGLE =45°

SEE ROUND DUCT STANDARDS
FOR DIMENSIONS C AND L.,

SEE NOTE 9 FOR
FURTHER INFO-

TYPE S5 BRANCH TAKE-OFF

RECT BRANCH

RECT MAIN (CONSTANT SIZE)
TAKE- OFF ANGLE =45°

SEE NOTE 9 TOR
FURTHER INFO.

TYPE 4 BRANCH TAKE -OFF '

ROUND BRANCH (FLARED)

RECT MAIN (CONSTANT SIZE)
TAKE- OFF AMGLE =90°

SEE ROUND DUCT STANDARDS
FOR DIMENSIONS C,L,AND DIA 2.

SEE HOTE 9 FOR FURTHER INFO.

ATIONAL SHIPBUILDING RESEARCH PROGRAM

RECTANGULAR DUCT STANDARDS
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TYPE © BRANCH TAKE-QFF

RECT BRANCH

RECT MAIN (TRANSFORMING)
TAKE-OFF ANGLE =4.5°

SEE NOTE 9 FOR
FURTHER INFO.

T
- "\j//

TYPE & BRANCH TAKE-OFF

ROWND BRANCH

RECT MAIN (TRANSFORMING)
TAKE- OFF ANGLE = 90°

SEE ROUND DUCT STANDARDS
FOR DIMENSIONS ¢ AW L,

SEE NOTE 9 FOR .
FURTHER INFO,

TYPE 7 BRANCH TAKE-OFF

RECT BRANCH :

"RECT MAIM (TRANSFORMING)
TAKE-OFF ANELE =90°

SEE NOTE 9 FOR
FURTHER INFO.
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TYPE 2 TERMINAL -~ BELLMOUTH TYPE 10 wuau TAKE -OFF !
DI AND W 1= DUCT DIMENSIONS Wi = DUCT DIMENS! 5. ROUND
‘ MAIN imms;ommeo
BTSRRI e | RN
CLEA Fo \ ONL
ONLY FOR WIRE MESH msTALLA'ﬁuou.

SEE RQUND DUCT STANDARDS FOR
DIMENSIONS C AND L.,
CLEARANCE FOR ONE-INCH LiP RW!RED

XY FOR WIRE MESH INSTALLATION .

LARGEST OF DIMENS\ONS
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TYPE | TRANSVERSE CONNECTION

FLANGED TyPE) <

FOR MSTALLATION O COMPONENTS MEE TING
: CLASS ‘A’ FiRE PROTECTION REQUIREMENTS,

TWPE 3 TRANSVERSE TtoN TYPE 2 TRANSVERSE CONNECTION AND ON WATERTIGHT COMPONENTS.

CONNEC T (AANGED TvPE)
D S NNECTION. TFLANGED TVOE €D PREFERRED SAGE 1
FOR INSTALLATION ON FLAT-OVAL OR RADIUS | WITH TVPE S FLANGE WHEN CONNECTING

FOR INSTALLATION ON ELAT-QUAL OR EORIER | CoMMIES To FLAT- 0L OR RADIIS CORNER COAMINGS,

CONNECTIRG TO FLANGE

AND FOR
TYPE 1,4 AND &,
’ PREFERRED USAGE |

s
IN ALL CASES, UNLESS UNACCE'PTABLE o
PRESSURE DROP LOSSES RE USE PRESSURE Loss. USE OF Tris
OF THIS CONNECTION ’\'YPE ‘S 'TD <4 CO&EECT(ON TYPE TO BE MINIMIZED.
MAXIMIZED., .
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- OF Ti-us TYPE 1S SHOP DECISION.

TYPE G TRANSVERSE CONNECTION
T (FLANGED TYPE)

QR INSTALLATION. ON NOR-WATER TIGHT
COMPOZENTS NAT RED T WEET CLASS
K FIRE PROTECTION REQUREN ST
PREFERRED USAGE
FOR CONNECTION TO EQUIPMENT ANO T0
FLANGE TYPES 112 & A0 & 1oy To B
USED WHERE FANES CED COMPONENTS
BE SUBJECT 70 TENSILE STRE:
QR AETER INSTALLATION. UTILIZ:

\TION
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TYPE 5 TRANSVERSE CONNECTION
FLANGED TYPE)

FOR NsTA\.LATtOR N NON-MTERTIGRT

COMPONENTS WITH RADIUS CORNERS NOT

%ﬂ‘l’m&ﬁ&‘f CLASS ‘A’ FIRE PRDTECT!OM

PREFERRED USAGE ¢

NLY CDNMECTIM TO FLANGE TYPE 2.
MINIAIZED IN FAVOR OF FLANGE
‘WPEﬁ ﬁ 4 OR R

@, WHERE PRESSURE DROP
\DERATIONS ' ALLOW.

YPE & TRANSVEE&E GONNECTION
(FLANGED m)l
. SR METALLATION ON N wTeRTIGHT |
A EIRE PROTECTION IREMENTS .
1] [3

FOR CONNECTION T0 EQUIPMENT, AND T0
FLANGE TYPES |,3,4, AND G, .
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TYPE & TRANSVERSE CONMECTION

(NCN -FLANGED , OVERLAP RIVETED)

FOR COH&ECTION OF NON-WATERTIGHT
TQ MEET CLASS

COMPONENTS NO ED
‘A' FIRE PRO'TECTION QUIREMENT S.

PREFERRED USAGE:

WHERE USE OF FLANGE TYPES 4 0R G 1S
NOT NECESSARY,AND WHERE PORTABILITY
15 NOT REQUIRED : CHOICE BETWEEN THi5

AND TYPES 101!, AND (2 1S SHoOP
OEISION

f’ H
\\q
/

4

TYPE 8 TRANSVERSE COMMECTION
[WON-FLARGED , We eo,we"“—L"Loem

OR CONNECT! WATER TIGH:

FOR CONNECTION OF w

AF’:'F?E OF C@MPONENE%&EQ!

PREFERRED USAGE!:

WHERE PORTABILITY IS NOT REQUIRED,

TYPE 7 TRANSVERSE CONNECTION
(FLANGED~TYPE)

FOR INSTALLATION 0N W-MTERTIGHT
WITH 5 CORNERS
TO Il!ET CLASS N FIRE PROTECTION

NOT REQUIRED

STRUES DURMG OR AFTER INSTALLATION.
UMLIZATION OF THIS TYPE IS SHOP DECISION.
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Cs 12 FOR
LATCH SIDE

N0 LATCHES ON
SMALLER SIDE

LATCHES ON.SIDES
OF GREATEST CROSS-
SECTIONAL DIMENSION,

TYPE 11 TRANSVERSE cnnuecnou
(NIN-FLANGED ,LATCH 'M’E-bAsIC)

FOR CONNECTION OF NON-WATERTIGHT COMPONENTS

no* R&gﬂ E’?ST MEET CLASS ‘A’ FIRE PROTECTION

PREFERRED UShae: ¢

WHERE USE OF FLANGE TYPES 4 OR G IS NOT

NECESSARY, CHOICE BETWEEN THIS TYPE AND

TYPES 9,10,11 AND 12 (ALTERNATE) S SHOP

DECISION. SEE NOTE \3 FOR LIMITATIONS.

i/t

5-CLIP (SHOWN WITHOUT
REINFORCING LEG) —%
A~ >

WITH LOCKING TABS-ON SIES
OF SMALLEST CRDSS- SECTIONAL
DIMENSION,

1| TRANSVERSE CONNECTION
(NON - FUAMGED , 5-CL\P / DRIVE - SAIP)

FOR, CONNECTION OF NON-WATERTIGHT COMPONENTS

NOT REQUIRED TO MEET CLASS ‘A’ FIRE PROTECTION

REQUIREMENTS , .

ommae TYPES 4 0R G \SNOT
BETWEEN THIS TYPE

“ DRIVE-SLIP CLEAT (TYPE 10)

DRIVE-SLIP CLEAT WITH
OCKING TABS-ON SIDES OF

SMALLEST CROSS-SECTIONAL
DIMENSION

TYPE 10 TRANSVERSE .CONMECTION
(NON-FLANGED, DRIVE-SLIP

FOR camsc'nm OF NON-WATERTIGHT COMPOMENTS
NOT REQIARED T0 MEET CLASSW FIRE PROYECTION

E + WHERE USE OF FLANGE TYPES

40&% 15 MOT NECESSARY. CHOICE BETWEEN
m AMD TYPES 9,11,AND 12 15 SWoP

d

mm .Aﬁg‘ ls 5“” “cmm‘ AND INATIONAL 'SHIFDUIDING RESEARCH PROGRAM
REWER »ﬁﬁ NECESSARY WHERE DucT
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TYPE 2 ACCESS COVER

TYPE | ACCESS COVER
(BOLTED ~WATERTIGHT AND MON -WATERTIGHT )

FOR msm.\.mwn 0N COMPONENTS WHERE TYPE 2

TYPE 11 TRANSVERSE CONNET\ON

nguzcu ACTING , FL:TO-:VA\. s NON-WATERTIGHT ) CESS COVER 1S NOT DESIRED . -FLANGED, LATCH TE)
R INSTALLATIO NON-WATERTIGHT '
mowo‘ ':mm-:%,l.t omwm“mn REO m ius e g'gﬁﬁ‘;g MEE” HOLE Dy E"S'Wg&.” o) | P mm‘:f é&‘é‘ %mme m:hsw:&
WITIA DR WATHO0T et MLABLE | B SCREASED BY 2172 DCREVENT S DO IOR e TP 12 (BASIC) COMNECTION
mss
RECOMMENDED HZES (DIMENSIONS A AND B): FLALLGE TYPES
COVER SIZE-DIM A§ B OPENING SiZE i Ok DErWERLL i TVPE A s o ot
(INCHES) (NOHE SVZ X 62! umummvslw. SEE Note i3
X7 _FLAT-OVAL 4XG FLAT-OVAL o' X of | FOR LIMITATIONS.
7%9 ELAT-OVAL GX8 ELAT-OVAL m [NATIONAL SHIPBUILDING RESEARCH FROGRAM
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TYPE 3 WIRE MESH SCREENING
(BELLMOUTH TERMINAL)

D AND W ARE TERMINAL OPENING
DIMENSIONS

TYPE 2 WIRE MESH SCREENING

(CONE TERMINAL)

D AND W ARE TERMINAL OPENING
DIMENSIONS

TYPE | WIRE MESH SCREENING

(OPEN - END DUCT)

D AND W ARE DUCT DIMENSIONS .
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CRDSS-SECTIONAL
DIMENSION
(INCHES) =
2-1 NONE | NONE | NONE | &%E
M-l% NONE | NONE | NONE| 5
20-D NONE| &% _ 5
[ 32-64 © Vi g 4

#~NONE FOR DUCT WITH CROSS- BREAKING
OR BEADING.

SEE NOTE 10 FOR VURTHER INFORMATION.

STRUCTURE
ok

TYPE 5 WIRE MESH SCREENING

(IN COAMING)
D AND W ARE COAMING DIMENSIONS

MINIMUM D AND W = 3"x4"

TYPE & WIRE MESH SCREENING
(SIDE-OF-DUCT)

D AND W ARE OPENING DIMENSIONS
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APPENDIX B
SAMPLE CONSTRUCTION DRAWINGS

This appendix contains representative sheets from the Rectangular Duct Stan-
dards Construction and Fabrication Drawing. All information necessary for a sheet
metal shop to fabricate the standard vent duct components is incorporated.

The complete Fabrication Drawing is available to U.S. shipbuilders from:

R&D Program Manager
Todd Shipyards Corporation
Seattle Division

P. O. Box 3806

Senttie, WA 98124

To others, when cataloged, the Drawing may be obtained from:
National Technical Information Service
5285 Port Royal Rond
Springfield, VA 22161

Any proposals for significant modifications shouid be addressed to the Todd
R&D Program Manager.
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APPENDIX C
SAMPLE TABLES FOR MATERIAL QUANTITIES AND DIMENSIONS

Representative computer tabulations of material quantities and dimensions are
contained in this Appendix. Also included is a sample of a computer program used to
generate the tabulations.

Copies of the complete tabulations and/or programs are available to U.S.
shipbuilders from:

R&D Program Manager
Todd Shipyards Corporation
Seattle Division

P. O. Box 3806

Seattle, WA 98124

Or. when catsloged, from:

National Technical Informution Service
5285 Port Royal Road
Springfield, VA 22161

Any proposals for significant modifications should be addressed to the Todd
R&D Program Manager.

NOTE: The economically advantageous standard sizes, each identified with an
asterisk. are established in two-inch increments and should be used unless there is
special reason to do otherwise. The information presented herein is in one-inch
increments only to accommodate special needs.
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STRAIGHT DUCTY
(s = STANDARD SIZE)

0 oIn

MATERIAL REQUIRED
PER ONE LINEAR FOOT

STRALIGHT OUCT
(¢ = STANDARD SIIE)
MATERIAL REQUIRED
S N e N

» 2 4 1.00
2 L] 1.17

. 2 6 1.33
2 7 1.50

- 2 ] 1.67
3 4 117

3 s 1.33

3 [} 1.50

3 7 1.67

3 8 1.83

3 9 2.00

3 10 2.17

3 111 2.33

. 4 4 1.33
4 5 1.50

L] 4 ] 167
. 4 7 1.03
» 4 (] 2.00

(M | N 150 F)ee
4 9 2.17
4 10 2.33
4 1t 2.%
4 12 2.67
4 13 2.03
4 14 3.00
s s 1.67
s 6 1.83
5 7 2.00
H 8 2.17
5 s 2.23
s 10 2.50
s 1n 2.67
s 12 2.03 :
s 13 3.00
5 14 3.17
s 15 3.33
6 6 2.00

e

MATERIAL IS NEV AND OODES NOT INCLUDE ALLOMANCE FOR
LONGITUDINAL CORNER SEAMS. IF THESE ARE PRESENT,
ADD .15 SQ FT PER LINEAR FOOY FOR EACH SUCH SEAN.




* 2

ELBOWS - TYPES 1, 2, 3, AND 4

TYPE 1 ELOON TYPE 2 ELBOM TYPE 3 ELBON TYPE 4 ELBOW
0 H ANGLE TR T HR HL AREA TR ™ HR HL AREA ™ " HR HL AREA HL AREA
(EN) LIN) (DEG) (IN) CIND  C(IN)  (EN)  £SQ FT) (IN)  (END  (END (IN) (SQ FT) (IN) (IN) (IN)  (IN)  (SQ FT)  LIND (SQ FT)
Y -‘-;- 15 -;:; 1= 1 8.0 2~ 4 S d.21 -;:; 0-16 6.0 1~19 014 0.0 O0-0 0.0 0-0 0.0 o-0 0.0
30 4.0 2-2 8.0 47 0e42 2,0 1=-1 6.0 3-6 0.28 0.0 0-0 0.0 0~ 0 0.0 0-0 0.0
45 4.0 3- 4 8.0 6-11 0462 2.0 1-17 6.0 4-24 0.42 0.0 ©0-0 0.0 0- 0 0.0 0- 0 0.0
60 4.0 4-5 8,0 B8-14 0s83 2.0 2-2 6.0 6-11 0.55 0.0 0-0 0.0 0~ 0 0.0 o~ 0 0.0
75 - 4.0 S5- 6 8.0 10~-18 1.04 2.0 2-k8 6.0 7-30 0.69 0.0 0-0 0.0 o~ 0 0.0 -0 0.0
93 4.0 6- 7 8.0 12-2} 1.25 2.0 3- 3 6.0 9-17 0.83 0.0 0-0 0.0 c-0 0.0 o- 0 0.0
SPLITTER AND VANE .OATA
. TYPE 2 ELBOW TYPE 3 ELADH TYPE 4 ELOOW
i (THO SPLITTERS) (THREE SPLITVERS) {VANES)

o WESH ddm N ddN (N GsaFTY M M (N (M (N (50 FT) AEaD (50 F1)

135 0.0 0~ 0 0.0 0~ 0 0.0 0.0 9-0 0.0 0- 06 0.0 0- 0 0.0 ] 0.0

30 3.00 1-19  4.25 2- 8 0.0% 0.0 -0 0.0 0-0 0.0 0-0 a.0 (] 0.0

45 3,00 2=12 4,25 3-12 0.08 0.0 -0 0.0 0~ 0 0.0 0- 0 0.0 [ 0.0

60 3.00 3« 6 4,28 415 0.11 0.0 0- 0 0.0 0-0 0.0 0~ 0 0.0 o 7 0.0

5 3.00 3-31  4.25 5-19 0e13 0.0 0-0 0.0 0-0 0.0 0-0 0.0 0 0.0

90 3.00 £-24 4.25 6~23 0.16 0.0 0-0 0.0 0-0 0.0 0~ 0 0.0 [ 0.0

NOTES 1~ *#=STANDARD SI2E.
2~ DIMENSIONAL NOMENCLATURE AGREES WITH THAT USED IN RECTANGULAR DUCT STANDARDS (CONSTRUCTION AND FABRICATION).

"3~ eaias (NET MATERIAL REQD TO FABRICATE COMPONENT) FOR TYPES 1,2,3,AND 4 ELBONS ASSUME PITTYSBURGH TYPE LONGITUDINAL

ORNER SEANS.

4~ SPLITTER ARCAS INCLUDE MEM MATERIAL, WHERE APPLICABLE.

S~ LERQ ENTRIES INDICATE NON-AVAILABILITY OF THE FITTING IN THAT SIZE OR ANGLE.

6~ ALL COMPONENT LENGTHS (TLoHL,SL1+SL2,5L3) ARE GIVEN IN WHOLE INCHES AND 32NDS OF AN INCH. FOR EXAMPLE, A LENGTH

GIVEN AS 6=5 WOULD BE 6 AND 5/32 INCHES LONG.




OFFSETS - TYPES 1 AND 2 .
TYPE 1 OFFSET (TR= 2.0, HR>  4,0) TYPE 2 OFFSET (TR= 0.0, HR= 0.0) SPLITVER DATA FOR TYPE 2 OFFSET

1 X ANGLE ¥ M) L u wL ANGLE H Hl L utL L) s1 st §2 sL2

CIN) (IN) ttEs: :10-5! ::5: {in) Ny LI ({DEQ} ::5: f::l: (31} (IN) (21} (IN) tIN) (DL} (31}
. 2 1 33.6 3 s -1 1-5 3~17 C.0 0 (] 0-0 o0~0 ¢~ 0 0.0 0~ 0 C.0 e~ 0
2 48.2 4 4 4-15  1-21 - 2 €.0 ] [} 0-0 O0-0 0-0 0.0 o-0 C.0 o- 0

3 69.C 5 3 5- 6 2= 2 é~1¢ 0.0 L] [ ¢~-0 0-0 o~ 0 0.0 ¢-0 C.0’ o= 0

4 T0.5 6 2 5-21  2-14 T-14 0.0 [ [ 6-0 0-0 -0 0.0 0~ 0 C.0 0- 0

5 80.4 1 1 5-29 2-24 8-15 €.0 0 (] -0 o-0 6~ 0 0.0 o~ 0 C.0 ¢- 0

6  92.¢C 8 0 6~ 0 33 9-15 €.0 [ ¢ 0-0 o0-0 0- 0 0.C ¢-0 C.0 ¢~ 0

NOTES 1- ¢=STYANCARD W CIMENSION.
2- CEMENSICNAL NOMENCLATURE AGREES WITH THAT USEC IN RECTANGULAR DUCY S'IMDAQCS (CONSTRUCTION AND FABRICATION).

3~ ZERC ENTRIES INCICATE NON-AVAILABILITY OF THE FITTING IN THAT SIZE OR ANGLE

4= MLL CCPPONENT LENGTHS (LoULoML»SLLoSL2) ARE GIVEN IN WMHOLE lﬂﬂ'ls AND um OF AN INCH. FOR EXANPLE, A LENGTH
GIVEN AS &~5 WOULD BE 6 AND 5732 INCHES LI'NG.

5~ WHERE THE LARGEST ANGLE INDICATED S l.l“ THAN 90 DEGREES, THE CORRESPONDING OFFSET CHEEK IS THE LARGEST THAT CAN
BE CUT (IN OKE PIECE) EROM A 4 FODT BY & FCDY SMEET METAL SLANK,.

6- AREAS (PATERIAL AEQUIREMENTS) FOR - mstxs AND SPLITTERS RAY SE OEVERMINED 8V CCUBLING THE AREA DATA GIVEN FOR
90 CEGREE ELOOWS OF THE SANE DoW,AND TR DIFENSICNS (FCUKD CN PAGES 13-013), MULTIPLYING THAT QUANTITY BY THE
ACTUAL CFFSFT ANGLE INCICATED l‘m' AND DIVIOING THE RESULT 8Y 90.



ACCESS COVERS - TYPE 1 - BOLTED

CPENIAG NIMCNSIDAS COVER CIMENS [ONS COVER MATERIAL FASTENER GASKET WATERIAL FRAME MATERSAL
A 8 a2 Be2 REQUIREMENTS QUAKTITY REQUIREMENTS REQUIREMENTS

(1N tINy tIN) 1IN) £3Q FN) (SETS) (LINEAR FEET) (LINEAR FEET)

4.0 6.5 6.0 8.5 0.4 © 10 2.1 2.1

4.0 5.0 6.0 11.0 0.5 12 2.5 2.5

4.0 1.5 6.0 13.5 0.6 14 : 2.9 2.9

6.5 6.5 8.5 8.3 0.5 12 2.5 2.5

6.5 9,0 8.5 11.0 0.6 14 2.9 2.9

6.5 1L.* 8.S 13.5 0.8 16 3.3 3.3

6.5 14.0 8.5 16.0 0.9 18 3.8 3.8

6.5; |, lé&.% [ ] 18.5 1.1 20 4,2 4,2

6.5 ) 1640 8.5 21.0 1.2 22 4.6 4.6
©'940 5.0 11.0 11.0 c.8 16 3.3 3.3

540 1.5 1.0 13.5 1.0 18 3.8 2.8

5aC 14.0 11.0 16.0 1.2 20 4.2 4.2

9.0 1645 11.0 18.5 1.4 22 4.6 46 ,

9.¢ 19.0 11.¢ 21.0 L6 24 5.0 5.0

9.¢ 21.8 1.3 23.5 1.8 26 5.4 5.4

9.C 24.0 11.0 26.0 2.0 20 5.8 5.8

-

NOTES 1- DINENSIGNAL NOMENCLATURE AGREES WITH THAT USED IN RECTANGULAR DUCT STANDARDS (CONSTRUCTION AND FABRICATION).
2- EACE CASTENER SET INCLUDES ONE (1} MACHINE SCREW, 'AND ONE (1) CAPTIVE FASTEAER,
S- FRAME WATERTAL [NDICATED AMOVE IS REQUIRED ONLY FOR THE NON-TIGHT AND AIR=TIGHT ACCESS COVER (ALTH 1},
BS SHOWN IN THE CONSTRUCTION AND FABRICATION DETAILS.
o= GASKET BATERIAL INGICATED ABOVE ASSUMES GASKET CUT FRON 1-INCH WIDE STRIPS, ANC PRCPERLY SEALED AT FATING EOGES.



C-6

TRANSVERSE CONNECTIONS ~ FLANGED
(TYPES 192934495¢64AND T)

FLANGE MATERIAL FASTENERS RIVETS GASKET MATERIAL

TYPE YYPE YYPE TYPE TYPE TYPE TYPE TYPES TYPES TYPE TYPE 'WOES TYPES
7 l.!p"b 2'!" 4 S 3 ‘ [ 2'597

[ W RC 1 2 3 4 ] 6
CIN) CIND CIND  (LIN FT) (SQ FT) (SQ FYY {LIN FT) (LIN FT) (LIN FT) (SQ FT) {SETS) (SETS)  (QTY) (uwy) lllﬂ F" 1SQ FV)

—onn ceee ceme

2 s

2 s

2 6

2 1

2 8

3 4

3 s

3 6

3 7

3 8

3 9

3 10

3

4 4

NOTES 1-
2-
k 23
4o
[

1 1.6 0.2 02 1.5 1.1 1.5 0.2 8 ] 6 5 1.8 0.1
1 1.8 0.2 0.2 1.7 1.3 1.7 0.2 ] 6 & ) 1.7 0.2
1 1.9 0.2 02 1.9 Yok 1.9 0.2 10 8 ] 7 1.9 0.2
1 2.1 0.2 0.3 2.0 1.6 2.0 0.2 10 L] 8 L 2.0 Ge2
1 2.3 0.2 Je3 2.2 1.8 2.2 0.2 12 8 10 9 2.2 0.2
1 1.8 0.2 0.2 1.7 1.3 1.7 0.2 8 [} 6 ] 1.7 Ge2
1 1.9 0.2 9.2 1.9 1.4 1.9 0.2 8 6 ] 7 t.9 0.2
1 2.1 0.2 0.3 2.0 1.6 ’ 2.0 0.2 17 L] L] L] 2.0 0.2
1 2.3 0.2 0.3 2.2 t.8 2.2 0.2 10 ] 8 9 2.2 G2
1 2.4 0.3 743 2.4 1.9 24 0.3 12 ] 16 ic 2.4 0.2
1 2.6 0.3 N3 2.5 ?.1 2.5 0.3 12 L} 19 n 2.5 0..3
1 2.8 0.3 ek 2.7 2.3 2.7 0.3 12 10 12 12 2.7 '0-3
1 2.9 0.3 2.4 2.9 7.4 2.9 0.3 12 10 12 13 259 0.3
1 ko9 0.2 0.2 1.9 Yob 1.9 0.2 L} 8 ] 7 1.9 G.2

*=STANDARD SIZE.

DIMENSTONAL NOMENCLATURE AGREES MITH THAT USED IM RECTANGULAR DUCT STANDARDS (CONSTRUCYION AND FABRICATION).
FLANGF n::v:n:n “::? RIVETS AS GIVEN ABOVE IS THAT MATERIAL REQUIRED TO FABRICATE ONE SIDE OF THE TOTAL CONNECTION,
(ONE COMPLEY »

FASTENERS AND GASKET MATERIAL AS GIVEN ABOVE IS THAT MATERIAL REQUIRED FOR THE TOTAL CONNECTION (CNE TYPE MATED VO
ANDVHER TYPE). EACH FASTENER SET INCLUDES ONE (1) MACHINE SCREW, AND ONE (1) NUT. GASKET MATERIAL FOR TYPES 14304
AND & ASSUMES GASKFT CUT FAON l—un :m NIDE STRIPS, AND PROPERLY SEALED AT MATING EDGES.

RC VALUES AS GIVEM ABOVE ARE THOSE RADIUS CORNER DIMENSIONS RECOPNENDED FOR THE CORRESPONDING DUCT SIZE. AND ARE IN
AGREEVENT WITH TNDSE VALUES ”""ﬁ&g’ IN RECTANGULAR OUCY STANDARDS smtmus PANPHLET). THE RC VALUES APPLY ONLY
TO TYPES 2,3+5¢AND T+ WHERE R S DIFFER FAON THOSE GIVEN, THE REQUIRED FASYENER QUANTITIES MAY BE CALCULATED
FROM THE BOLT LOCATION DATA GIVEN (N THE CONSTRUCTION AND FABRICATION DETAILS. (MOMEVER, FOR THESE CASES, ALL
INFORPATION AS GIVEN ABOVE WAY BE USED FOR MATERIAL ESTIMATING, WITHOUT APPRECIABLE ERROR.)



L

»

0
(IN) (INY

~

> > > W W U W W W W W N N NN

4

v ® ~N WM > O NV »

-
- o

NOYES

TRANSVERSE CONNECTIONS - NON FLANGE

(TYPES 9910411,128ASIC, AND lZMJ!MMﬂ

TYPE 9 TYPE 10 TYPE 11 TVPE 12BASIC TYPE 12ALTERNATE

U TG AT i oo WU, e A g v
] 1.4 0.2 0.7 0.1 0.6 0.2 1.0 0.2 6 1.0 0.3 6
6 1.5 Q.3 0.7 0.1 0.8 0.2 1.1 6.2 10 1.1 0.3 6
8 1.7 0.3 0.7 [ 23§ 1.0 0.3 1.3 0.2 10 1.3 [ 21 L]
8 1.9 0.3 0.7 0.} 1.1 0.3 1.5 0.3 10 | % 0.4 (]
10 2.0 0.4 0.7 0.1 1.3 0.4 1.6 0.3 10 Le6 0.5 ]
6 1.5 0.3 0.8 0.2 0.6 0.2 1.1 0.2 L] 1.1 0.3 [}

L6 1.7 0.3 0.8 0.2 0.8 0.2 1.3 0.2 10 1.3 Oe4 6

8 1.9 0.3 0.8 0.2 1.0 0.3 1.5 0.3 10 1.5 0.4 6
8 2.0 0.4 0.0 0.2 1.1 0.3 L6 Oe3 10 1.6 0.5 6
10 2.2 0.4 0.8 0.2 k3 0.4 1.8 0.3 10 1.8 0.5 6
10 244 [} 0.8 0.2 1.5 0.4 2.0 04 10 2.0 0.6 L]
12 2.5 0.5 0.8 0.2 1.6 0.4 2.1 0.6 14 2.1 0.6 10
12 2.7 0.5 0.8 0.2 1.8 0.5 2.3 0.4 14 2.3 0.7 10
8 1.7 G.3 1.0 0.2 0.6 0.2 1.3 0.2 8 1.3 0.4 6
L] 1.9 . 0.3 1.0 0.2 0.8 0.2 1.5 0.3 12 1.5 0.4 ]
10 2.0 Coé 1.0 0.2 1.0 0.3 1.6 Q.3 12 1.6 0.5 6

1« #=STANDARD SIZE.

2~ DIMENSIONAL NOMENCLATURE AGREES MITH THAT USED IN RECTANGULAR ouct STANDARDS {CONSTRUCTION AND FABRICATION).

3~ ZERD ENTRIES INDICATE NON-AVAILABILITY OF CONNECTION TYPE IN THAT SIZE.

I IR AT MO, S e 8 S 8 L SOy o e -0

WITHOUY REINFORCING LEG.

FOOT OF S~CLIP,

IF REINFORCING LEGS ARE REQUIRED, ADD o2 SO FT TO THE QUANTITY SHOWN FOR EACH LINEAR



WIRE MESH SCREENING
ETYPES 10243044AND S)

CPNG OIM TYPES | AND 4 TYPE 2 TYPE 3 TYPE S

D 3 FRAME SCREEM FASTENERS  FRAME SCREEN FASTENERS  FRAPE SCREEN FASTENERS RC FRAME SCREEN FASTENERS (SETS)
UIND (IR) (LIN FT) (SO FT)  (SETS) (LIN FT) (SQ FT) ISETS) (LIN FY) (SQ FT)  (SEVS)  (IN) (LIN FT) (SQ FY)  EXP NOT EXP

c——— - ——— =
2 4 1.3 Uel 2 [ c.0 0 0.0 0.0 ° [ 0.0 0.0 [ )
2 5 1.5 0.2 2 1.5 0.2 2 0.0 ' 0.0 0 ] 0.0 0.0 0 [
2 s 1.7 3.2 4 1.7 0.2 4 0.0 0.0 0 [ 0.0 0.0 o 0
2 1 1.8 0.2 4 1.8 0.2 4 0.0 0.0 0 [ 0.0 0.0 ) °
2 8 2.¢ 9.3 4 2.0 Ge3 4 0.0 0.0 0 0 0.0 0.0 0 "
3 4 1.5 0.2 4 1.5 0.2 4 ‘0.0 6.0 o 1 0.8 0.1 4 4
3 s 1.7 0.2 4 1.7 0.2 . 0.0 0.0 0 1 1.0 0.2 4 4
3 6 1.8 G.3 6 1.8 v.3 6 0.0 0.0 0 1 1.1 0.2 4 .
3 1 2.¢ Ced & 2.0 0.3 6 0.0 0.0 o 1 1.3 0.2 4 ‘4
3 s 2.2 0.3 6 2.2 0.3 6 0.0 0.0 [ 1 1.5 0.3 . 4
3 9 2.3 0.4 6 2.3 0.4 6 2.0 0.0 [ 1 1.6 0.3 s 4
3 10 2.5 Cu4 6 2.5 0.4 6 0.0 0.0 o 1 1.8 0.3 6 e
3 2.7 Cob 6 2.7 0.4 6 0.0 0.0 0 1 2.0 0.3 0 6
4 4 1.7 6.2 4 1.7 e.2 4 0.0 0.0 e 1 1.0 0.2 af 4
4 5 1.8 0.3 4 1.0 0.3 4 0.0 0.0 ° 1 1.1 0.2 4 4

NOTES 1- DIMENSIONAL NOMENCLATURE AGREES WITH THAT USED IN RECVANGULAR DUCT STANDARDS (CONSTRUCTION AND FABRICATION),

2- 2ERC ENTRIES INDICATE NON-AVAILARILITY OF FITTING TYPE IN THAY S1ZE,

3= EACH FASTENER SET INCLUDES OME (1) HACHINE SCREN, AND ONE (1) NUT OR CAPTIVE FASTENER.

4~ FRAFE PATERIAL FOR ALL TYPES ASSUMES FRAME CUT FROMN 2=INCH WEDE SYRIPS,

S= RC VALUES AS GIVEN ABOVE ARE THOSE RADIUS CORNER OIMENSIONS RECOMMENDED FOR THE CORRESPONDING OPENING DIMENSIONS,
ANC ARE IN AGREEMENT WITH THOSF VALUES INDICATED IN RECVAMGULAR DUCT STANDARDS (DESIGNERS PANPHLET). THE RC VALUES
APPLY ONLY TO TYPE 5. WHERE RC VALUES DEIFFER. FRON THOSE GIVEN, THE AEQUIRED FASTENER QUANTITEIES MAY BE CALCULATED
FROM THE BOLT LOCATION DATA GIVEN IN THE CONSTRUCTION AND FABRICATION DETAILS. (HOMEVER, FOR THESE CASES, ALl
INFORMATION AS GIVEN ABDVE MAY BE USED FOR NATERIAL ESVINATING, WITHOUT APPRECIASLE ERROR, )

6= SCREEN NATERIAL AS GIVEM ABOVE 1S BASED DN CROSS-SECTIONAL DIMENSIONS OF S00L.75)XIN*1.750s FOR TYPES 1,2,3,AND 4,
AND CROSS-SECTIONAL DIMENSIONS OF (Del)XIW+1), FOR TYPE S, THIS AGREES WITH SCREEN DIMENSIONS AS GIVEN IN THE
CONSTRUCTION AND FABRICATION DETAILS.




DOS FORTRAN IV 36ON~FO-479 3~6 MAINPGM DATE  D4/05/76 TINE
0001 REAL DloW1,A
0002 IHTEGER DyWeCyClyoSSDs SSHe XoWMAX,TIP *
0003 TOP=0 .
0004 $SD=1
0003 SSH=l
0006 X=0
0007 Cl=0
0008 C=1
0009 D=2
0010 W=0
0011 01=0,
0012 Wl=0.
0013 WHAX=0
0014 1 IFID.EQ.2)G0 TD 2
0015 IF(D.EQ.31G0 T0 3
0016 IFLD.EQ.41GO TO 4
0017 IF{D.LT.191GD TO S
0010 IFIN.EQ.19)G0 YO 6
0019 WMAX =24
0020 7 W=D
0021 8 Dls=n
0022 WlxW
0023 9 IFLTOP.EQ.01GD 7O 10
0024 GO 10 11
0025 2 WHAX=S
0026 12 W=4
0027 GO 70 8
0028 3 HWMAXs1L
0029 G0 10 12
0030 & WMAX=164
0031 GO 10 7
0032 5 WMAX=3#D
0033 GO T0 17
0034 6 WMAX=S4
0035 G0 T0 7
0036 10 WRITEL3,112)
0037 112 FORMAYE//77177126%, 1IHUSTRAIGHT DUCT/23Xo19H(® = STANDARD SI2E)//31

1Xe 1 THMATERTAL REGUIRED/16XsSHD DIMe2Xy5HH DIM, 2%, 19HPER ONE LINEAR
2 FODT/Z1TXo4HEINT ¢ 3R, AHLIND 8K, 9HISO FT)e#)

0038 ToP=1
0039 11 A={DL+W1)/6.
0040 IF{(SSDEQel) cAND.ISSH.EQ.1))GO T 13
0041 HRITEL3,14)Dy WA
0042 14 FORMAT{/18X012¢5%¢12410X¢F5.2)
0043 60 70 15
0044 13 WRITE(3,16100HsA
0045 16 FORMATI/12X)1H8,5%, 12+5%y 12010X¢F5.2)
0046 15 C1=C1+l
0047 1FID.EQ. 24160 TO 17
0048 1F{C1.EQ.28)GO TO 18
0049 27 1FIW.EQ.NMAXIGD TO 19
0050 H=Nel

. 0051 Wi=y
0052 IFISSH.EQ. 1160 TO 20

18.09.41

PAGE 0001



C-10

04705776

TIME

2 /TXs4FHA

00S FORTRAN IV 360N-FO-479 3-6 MAINPGM DATE

0053 SSw=1

0054 60 10 9

0055 20 SSHe0

0056 60 10 9

Q057 19 Os=0+1

0058 IF{SSD.EQ.1)GO0 TO 21

0059 SSp=1

0060 SSH=1

0061} [ORDI)

0062 21 5$50=0

0063 G0 T0 }

0064 17 IFIC.EQ.1060 TO 22

0065 G0 YO 100

0066 22 X=1

0067 60 0 23

0068 18 IF{C.EQ.1)GD TO 24

0069 €=l

0070 29 WRITE(3,25)

0071 2% FORMAT(1H1/)

0072 Ci=0

o073 IFI{X.EQ.0)CO YO 26

0074 G0 70 100

0075 26 T0P=0

0076 6o Yo 27

0077 24 C=0

0078 23 WRITE(3,28)

0079 28 FORMAT(/2X,55H%e - MATERIAL 15 NET AND DOES NOT INCLUDE ALLOWANCE
L1EOR/ TXs 48HLONGITUDINAL CORNER SEAMS. IF THESE ARF PRESENT
200 .15 SQ FT PER LINEAR FDOT FOR EACH SUCH SEAN.)

0080 G0 Y0 29

0061 100 CALL EXITY

0082 END

18.09.41
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APPENDIX D
RESEARCHER'S UNDERSTANDING OF SHIPBUILDING FUNCTIONS

This appendix contains a functional breakdown of the tasks necessary to design.
produce, install and test a typical shipboard HVAC system. All cost figures are in
February 1976 dollars. Careful anulysis of the work-flow described in this Appendix
will reveal the specific areas that are impacted upon by the Rectangular Vent Duct
Standards.
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10.

GENERAL CRITERIA

. The numbers shown in Figure D-1 are component identification numbers. Figure

D-1 does not represent a typical system presently installed on any marine design.
Its purpose is to portray many of the various rectangular type components which
preliminary investigation indicates may benefit from standardization in respect
to size, fabrication techniques, materials used, etc,

Unless otherwise stated in the component description. all items are of non-
watertight construction.

Various existing methods of component fabrication have been indicated for
purposes of comparison with developed standards.

. All non-welded seams and joints have been assumed sealed after fabrication with

an approved joint sealer.

. Standard flanges T;'pes:' 1, 2 and 3 are used.

Unless othérwise noted. all steel hus been assumed to be of the hot-dipped
galvanized type, either before or after fubrication.

Unless otherwise noted. all bolts. nuts, washers, etc.. have been assumed to be
of the cadmium plated steel type.

. Thermal insulation is 1” thick, cemented to the duct exterior, and covered with.

lagging cloth and vapor barrier. :

Acoustic insulation is 1” thick. cemented to the duct interior, with the corners
sealed with glass tape.

Bolting of all flanges has been assumed to be accomplished during the installation
procedure.

. Eighty percent of all transverse lap seam riveting has beén assumed to be

accomplished during the fabrication process. and twenty percent during installa-
tion.

12. Work associated with the welding of spools to ships structure has not been
included since this is normally the function of specialized welding personnel.

13. Forsthe purpose of this tudy, *Indirect Cost" includes: clerical work. dralling
supphes. plan reproduction. record keeping, plan file update. and other general
and administrative expenses.

14. Allmaterial costs incurred by work task 2 & 3 have been included in work task 2.

COMPONENT IDENTIFICATION LIST

ltem No. Description
1, Straight duct - 26° x 18", 36" long. with one type 2 flange. Constructed of
18 ga sheet steel with two **Pittsburgh’’ type seams.
2 Duct hangers, 114" x 3/16" steel F.B., 20 required of varying lengths.

3 Bolted access plate for 12" x 21" opening. 16 ga sheet steel. with gasket
and 1" x 1/8" framing ring.

4. Auto/Manual fire damper, 26" x 18", 21" long. 1/8” thick steel casing.
with-two type { flanges.

5. Transformation piece, 26" x 18" - 26" x 18", 7" R.C.. 6" long. 1/8" thick
steel, with two type 1 flanges, and two welded seams.

6. Spool, 26" x 18", 7 R.C.. 6" long, 4" thick steel. with two type |
flanges, and two welded seams,

7. Same as item No. 5.



Remote operator (thru-bulkhead) for item No, 4, /8" thick steel casing,
with two type | flanges, 14" long.

Straight duct, 26" x 18", 51" long, with one type 2 flange and one lnp
riveted seam with item 10. Constructed of I8 ga sheet steel with two
*Pittsburgh’” type seams.

Trunsformation piece, 26" x 18" - 29" x 16", 9" long, 18 ga shect steel,
with two lap riveted seams for connection toitems 9 & 11. Constructed
with four **Pittsburgh'’ type scams.

Straight duct, 29" x 16", 15" long, with one type 2 flange and one lap
riveted seam with item 10. Constructed of 18 ga sheet steel with two
“Pittsburgh’’ type seams.

Access plute for 12" dia opening, 1/8" thick steel, with gasket and 16 ga
sheet steel framing ring.

Flexible connection, 29" x 16", 5 long. Constructed of 114" x 145" x 8"
steel angles, 16 ga steel ratguard, and 1/8” thick cloth inserted rubber.

Same us item No. 12,

Straight duct, 29" x 16°, 15" long, with one type 2 flange. and one lap
riveted seam with items 16 & 34, Constructed of 18 ga sheet steel with
two *'Pittsburgh®* type seams.

Elbow, 17" x 16", 45°, 17" throat radius, with one type 3 flange and one
lap riveted seam with item 15, Constructed of 20 ga sheet sieel with
four **Pittsburgh’’ type seams.

Straight duct, 17 x 16", 30" long. with one type 3 flunge and one lup
riveted seam with items {8 & 40. Constructed of 20 ga sheet steel with
one welded seam.

Straight duct, 97 x 16", 14” long, with two lap riveted seams with items
17 & 19. Construcied of 20 ga sheet steel with one welded seam,

Transformaution piece, 9" x 16”- 18" x 9", 18" long, 20 ga sheet steel, with
one type 3 flange and one lap riveted seam with item 18. Constructed
with two welded seams.

+20,

21,

22,

23.

24,

25.

26,

27.

30.

3L

Elbow, 18" x 97, 45°, 414" throat radius, three splitters, one type 3
flange, and one lap riveted seam with item 21. Construcled of 20 ga
sheet steel with four welded seams.

Straight duct, 18" x 9", 10” long, with one type 2 flange and one lap
riveted seam with item 20, Constructed of 20 ga sheet steel with one
welded seam,

Manual fire damper, 18" x 9, 12" long, 1/8” thick steel casing, with two
type | flanges.

Transformation piece, 18" x 9" - 18" x 9" F.O., 6" long. 1/8" thick steel,
with two type ! flunges, and two welded seams.

Spool, 18"x9"F.0., 6" long, 14" thick steel, with two type | flanges, and
two welded seams.

Transformation piece, 18" x 9" F.O. - 18" x 9", 6" long. 20 ga sheet steel
with one type 2 flange, and one lap riveted seam with items 26 & 43.
Constructed with two lap riveted seams.

Straight duct, 15%4" x 97, 15" long, with one type 2 flange, and one lap
riveted seam with item 25. Constructed of 20 ga sheet steel with one
welded seam. .

Duct drain and sump, 15%4" x 9", 24" long, /8" thick steel with two-type
1 flanges. N .

Straight duct - 15%5" x 9", 36" long, with one type 2 flange. Constructed
of 20 ga sheet steel with two **Pittsburgh®* type seams.

Straight duct - 6" x 10*, 9" long. with twa lap riveted seums with items 9
& 30. Constructed of 22 gu sheel steel, with onc **Pittsburgh® type
seam. Used for 45° tup connection to main.

Elbow, 6" x 10", 45°, 6" throut radius, with one type 3 flunge and one lap
riveted seam with item 29. Constructed of 22 ga sheet steel, with four
**Pittsburgh’’ type seams,

Straight duct, 6" x 10", 24" long, with one type 3 flange and one lup
riveted seam with item 33. Constructed of 22 ga sheet steel, with one
grooved seam. .



32,
3.

35.

36.

37

38.

39.

40,

41

42,

43.

4,

Shut-off damper for 6" x 10" duct, 16 ga sheet steel, with operating gear.

*J** terminal, 6” x 10" - 714" x 12", 744" long, with one lap riveted seam

with item 31, Constructed of 22 ga sheet steel with one lap riveted
seam.

Elbow, 12"x 16", 90°, 6" throat radius. two splitters, and two lap riveted

seams with items 15 & 35. Constructed of 20 ga sheet steel with four -

“'Pittsburgh'’ type seams,

Straight duct - 12" X 16", 36" long, with two lap riveted seams with items
34 & 67. Constructed of 20 ga sheet steel with two **Pittsburgh™ type
seams.

Collar plate for 12" x 16" duct, two - piece. 22 ga sheet steel, fastened to
butkhead with 4" machine screws and nuts.

Shut-off [!am'ber for 12" x 16" duct, 16 ga sheet steel. with operating
gear.

Opening, side of duct, 18" x 10", with 14" x %" screening and retaining
ring.

Splitter damper for 16" deep duct, 16 ga sheet steel, 8" long, with
operaling gear.

Elbow, 8" x 16", 135°, 4” throat radius, and two lap riveted seams with
items 17 & 41. Constructed of 20 ga sheet steel with four **Pittsburgh™’
type seams.

Straight duct, 8" x 16", 22" long, with one type 3 flange. and one lap
riveted seam with item 40. Constructed of 20 ga sheet steel with one
welded seam.

Opening. end of duct, 8" x 16", with %;' x ¥4" screening and retaining
ring.

Elbow, 215" x 9", 90°, 24" throat radius, and two lup riveted seams with
items 25 & 44, Constructed of 22 ga sheet steel with four welded seams.

Transformation piece, 214" x 9" - 5" x §*, 6" long, 22 ga sheet stee! with
two fap riveted seams with items 43 & 45, and two welded seams.

45.

46,

47.
48,
49.

50.

s
52,

53

54,

55,

56.

Straight duct, 5" x 5", 36" long. with one type 3 flange and one lap
riveted seam with item 44, Constructed of 24 ga shect steel with one
grooved seam.

Balancing damper for 5 x 5" duct, 16 ga sheet stecl. with operating
gear.

“JA" terminal, 5” x 5" - 6" x 6", 6" long, with one lap riveted seam with
item 58. Constructed of 24 ga sheet steel with one lup riveted seam. and
14" x 14" screening and retaining ring.

Straight duct, thermally insulated, 20" x 10", 36" long. with one lap
riveted seam with item 49, Constructed of I8 ga sheet steel, with two
*‘Pittsburgh'® type seams.

Transformation piece, thermally insulated, 20" x 10°- 20" x 10" F.O.. 6"
long. 18 ga sheet steel, with one type 2 flange and onc lap riveted seam
with item 48, and two lap riveted scams.

Spool thermally insulated. 20" x 10" F.O., 6" long, %" thick steel, with
two type | flanges. and two welded seams.

Transformation piece, thermally insulated, 20" x 10"- 20" x 10° ¥.O.. 6"
long, 18 ga sheet steel, with one type 2 flange and one lnp riveted seam
with item 52, and two lap riveted seams.

Straight duct, thermally insulated. 20" x 10", 86" long. with 2 lap riveted
seams with items S1 & 54. Constructed of 18 ga sheet steel, and two
**Pittsburgh’* type seams.

Shut-off damperfor 20" x 10" thermally insulated duct. 16 ga sheet steel.
with operating gear.

Transformation piece. thermally insulated, 20" x 10"~ 20" x 10" F.0.. 6"
long, 18 ga sheet steel, with one type 2 flange, one lap riveted seam with
item 52, and two spot welded seams.

Spool, thermally insulated, 20" x 10" F.O., 6" long. 14" thick steel. with
two type | flanges. and two welded seams.

Transformation piece, 20 x 10" - 20" x 10° F.O., 6" long. 18 ga sheet
steel, with one type 2 flange, one lap riveted seam with item 57, and two
spot welded seams.
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5.

58.

59.

61.

62.

63.

65.

67.

D4

Straight duct, 20" x 107, 10" long, with one type 3 flange and one lap
riveted seam with item 61. Constructed of 18 ga sheet stecl, and two
“Piusburgh’’ type seams,

Straight duct, 5" x 5, 33" long, with one type 3 flange and one lap
riveted seam with item 47, Constructed of 24 ga sheet steel, with one
grooved seam.

Straight duct, 8" x 16", 22" long, with one type 3 flange. Constructed of
20 ga sheet steel with one welded seam.

Straight duct, 12" x 16", 44" long, with one lap riveted seam with item
67. and one end capped and lap riveted. Constructed of 20 ga sheet
steel with two **Pittsburgh’’ type seams.

Straight duct, acousticully insulated, 20" x 107, 114" long, with two type
3 flanges. Constructed of 18 ga sheet steel with two **Pittsburgh’* type
seams.

Straight duct, 20" x 10”, 35" long, with one type 3 flange. and one welded
seam with item 66. Constructed of 18 gu sheet steel with two
**Pittsburgh®’ type seams.

Orifice plate, for insertion between two type 3 flanges in8” x 16” duet,
24 ga sheet steel.

Bolted nccess plate for 6" x 15" opening, 16 gu sheet steel, with gasket
and 1" x /8" fruming ring.

Headroom flange for 17" x 16" duct—two type 3 flanges modified to suit”

flat botiom. 1 x /8" steel fiat bar tapping ring and 14 ga sheet steel
cover plate.

Belimouth exhaust terminal, for 20" x 10° duct. Constructed of 18 ga
sheet steel with welded corner seams and welded seams with item 62.
With 14" x 34" screening and retaining ring.

Special flunge, for joining 12" x 16" duct. Flange 12" long with two lap
riveted seams with items 35 & 60. Constructed of 20 ga shect steel with
bottom plate removable.

MATERIAL COSTS
Article & Quantity

24 ga golv sheet steel, 12 Ft?

22 ga galv sheet steel, 14.2 Fi?

20 ga galv sheet steel, 135 Ft*

18 ga galv sheet steel, 233 Ft?

16 ga galv sheet steel, 10 Ft*

14 ga galv sheet steel, 1.7 Ft*

11 ga galv sheet steel, 50 Ft?

14" thick steel plate, 11 Ft®

196" x 144" x " galv steel angle, 73 LF

14" x 14" x ¥ galv steel ungle, 8 LF

1* x 1" x W galv steel angle, 66 LF

114" x 3/16" galv steel FB, 50 LF

14" x 14" galv steel FB, 2.3 LF

1” x 1/8" galv steel FB, 13 LF

5" x 316" CRES FB, 6 LF

5" x 1/8" CRES FB. 4 LF

3/16" x 1-7/16" galv steel FB, 140 LF

34" IPS half-coupling. | required

Damper ussemblies, balance and shut-off,
4 required - bought as units

Spacers, % lubing. %" long, steel, 20 required " e

Splitter damper assembly. | required. bought s unit

1* x 1/16" spring steel, cad pluted, 1.5 LF LI
115" x .05" brass strip, | LF

Gasket, ¥ cloth-inserted rubber, 20 Ft?

1” half-round bar, galv steel, 1.5 LF

Fusible link. | required

3" dia shaft, CRES, 6 LF .

34" dia std pipe. CRES, 4 LF

3" 0.D. x %" 1.D. CRES bearing plute. 3/16" thick. 5 required
1% 0.D. x %" 1.D. CRES thrust collar, %" thick. 4 required
1-9/16" 0.D. x 1.1" 1.D. CRES thrust collar, 34" thick. 2 required
1" din brass pin, 114" long. 4 required

1%" x W CRES FB, 14 LF

14" - 20 NC-3 RH mach screws, 1" long, 20 required

14" - 20 NC-3 hex nuts, 20 required

3% - 16 NC-2 hex head bolts, 1" long, 504 required .
#10 flat point thread cutting mach screws. 147 long. 14 required

Price ($)

2.50
3.61
40.39
90.65
4.7
1.00
47.21
20.78
31.43
3.44
18.48
11.25
.66
1.44
1.44
.30



3/16" - 20 NC-3 hex head bolt. %" long. 10 required
3/16" - 20 NC-3 hex nuts, 10 required
3" - 16 NC-2 hex nuts, 504 required
Break-mandrel type **Pop’* rivets, 1600 required
14" - 20 UNC-3B **Rivnuts." 44 required .
14" - 20 UNC-3B RH machine screws, 3" long. 44 required
14" - 20 NC-2 RH machine screws. %" long, 259 required
14° - 20 NC-2 RH machine screws, brass, 3" long. 6 required
14" - 20 NC-2 hex nuts, brass. 7 required
Washers for 3" dia bolt, 462 required
14" - 20 NC-2 hex head machine screw, brass. |'4” long. | required
Washer for 4" din bolt, brass. 5 required
14 - 20 NC-3 hex head bolts. 1% long. 12 required
14" - 20 NC-3 wing nuts, 12 required
14" - 20 NC-2 hex nuts, 259 required
14" - 20 NC-2 hex head cone point machine screw.

CRES 3/16" long. 2 required
Lock washer for %" boit, brass. 2 required
#10 - 32 NC-2 hex head machine screw, CRES,

194" long, 3 required
14" x 14" wire mesh, 6 Ft?
5/32" fint CSK-head rivets. 16 required
14" - 20 NC-3 fint head machine screws, 35” fong. 20 required
Thermal insulation, fiberglass board type. I” thick. 67 F¢
Acoustic insulation, fiberglass board type. 1" thick. 48 Fe*
Adhesive for cementing lagging cloth to insulation, | galion
Adhesive for cementing insulation to duct. 1.5 gallons
Vaper barrier, 4 gations
2* glass tape, 46 LF
Lagging cloth, 71 F¢?
Duct joint sealer, 2 gallons

A5
.10
7.50
15.00
1.54
50
2.60
.18
.4
2.30
.03
.05
.5
.48
2.60
.20

.03
.06

90
A2
.20
20.00
14.40
10.00
15.00
40.00
4.60
7.10
30.00

TOTAL MATERIAL COST = $543.81

BASIC WORK FLOW DIAGRAM

WORK TASK 1

neerl
{Plan opnngumt)

WORK TASK 2

) curement
& Wm Fabrication)

[

WORK TASK 3
Installation

[

WORK TASK 4
System Testing

{Volumetric)
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WORK TASK 1 - ENGINEERING (Plan Development)

1A

Preliminary duct sizing (using data from
uvg‘c . 8 ‘mm-mulﬂy
a

Preliminary design - workshest basis

Duct sizing check - balipark accuracy

Y

1D.

coordination (in

placement of duct fianges Gomlty

- may also incl

ude location of duct
hangers)

1E.

Final duct sizing - detalled pressure drop
"gucm«s

-

Final

plan drawn

List of materials accomptished

[ | Plan check
Y
[ 1 | Submiltal to Regulatory Bodies
||
L~ wonk 7ask 2

ITEM MANHOURS

fa
ib
ic
id
le
I
g
th
fi

WORK TASK | — COSTS

DIRECT LABOR
" MANHOUR
RATE ($) SUBTOTALS ($)

4 T 7.50 30.00
24 7.50 180.00

4 7.50 30.00
24 7.50 180.00
12 7.50 90.00
28 7.50 210.00
2 7.00 84.00

4 10.00 40.00
DIRECT LABOR 844.00
DIRECT MATERIAL p,
INDIRECT COST* 675.20
TOTAL COST _$1519.20

* 80% of Direct Labor




WORK TASK 2 -'PRODUC‘I’IOI:

Procurement and Component

2A. ”s'ﬁm of yard siook sscaribined '
of items bﬂm
\
28 joints spacified to auit W
3 sequence, 4
idehtified, work tasks issued to
fabricating personnael.
¥
Normal labﬂcaﬂm
and pattern d N Speciaity items Some pto-hbdcated
ment (traight domoee: Socuanc | | |Hems
2C.| etbows, trangfor- 2¢.| N iPings, etc) 2c. st @mn
I':d n &l'oées ﬂ:') and w'mm dalﬁp.r hmdha
materl rocuremant,
procurement. pr
l |
A
Repair of onent materlal di
20. necessitated by fabrication mwmf\g,
grinding, etc.).
FZE. l Certain components connecled. !
Seams sealed and ‘components marked
2F, m identification for retrieval from
storage.
4
[ 2. | ltem placed in storage. |

L—-»wonx TASK 3

WORK TASK 2 — COSTS
DIRECT LABOR

MANHOUR
ITEM MANHODRS RATE (%)
2n 12 6.50
2b 16 8.50
2c 266 7.00
2d 8 6.50
2e 16 7.00
2f 8 6.50
2g 2 6.50
DIRECT LABOR
DIRECT MATERIAL
INDIRECT COST*
TOTAL COST

* 50% of Direct Labor

SUBTOTALS (%)

78.00
136.00
1862.00
52.00
1H12.00
52.00
13.00

2305.00
543.81
1152.50

$4001.31
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MANHOURS — WORK TASK 2C (COMPONENT FABRICATION)

ftem No. Manhours ltem No.  Munhours lem No.  Manhours

1 3.0 24 4.0 47 30
2 10,0 25 4.5 48 20
3 2.5 26 3.0 49 3.0
4 4.0 27 8.0 50 4.0
5 4.5 28 3.0 51 30
6 4.0 29 30 52 kX ]
7 4.5 30 30 33 1.5
8 16.0 3t 4.0 54 3.0
9 4.0 32 1.0 53 4.0
10 2.5 kX 1.5 56 30
1" 3.0 34 4.0 57 4.0
12 35 35 1.0 58 30
13 6.0 36 1.0 59 3.0
14 35 37 L0 60 2.0
15 4.0 38 2.0 61 8.0
16 4.0 39 (X1 62 4.0
17 4.0 40 3.0 63 1.0
18 2.0 41 3.0 64 2.5
Y 3.5 42 2.0 65 4.0
20 6.0 43 2.5 66 3.5
2 3.0 44 2.5 67 2.0
2 16.0 45 25
n 4.5 46 1.0 TOTAL 266.0
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WORK TASK 3 - INSTALLATION

3A.

Retrieval from storage and defivery to
ship.

3

Preliminary instaliation for fit and actual
h m&whmm
in place during matallstion are instailed.

|3r=.|

Remalning hangers are instalied.

System | maommmh
loshgo':lc‘?).pc« o ml!unwon'p' L
required.

Painting accomplished if required.

L—»wonxusxi

ITEM MANHOURS

3a
3b
3c
3d
3e
ki3
3
3h

WORK TASK 3 — COSTS
DIRECT LABOR

MANHOUR
RATE ($)
6 6.00
24 7.00
20 7.00
12 7.00
8 7.50
6 7.00
4 9.00
8 6.50

DIRECT LABOR
DIRECT MATERIAL
INDIRECT COST*

TOTAL COST

* 40% of Direct Labor

SUBTOTALS (%)

36.00
168.00
140.00

84.00

60.00

42.00

36.00

52.00

618.00

247.20

$865.20
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WORK TASK 4 - SYSTEM TESTING (Volumetric)

4A.

4B.

Volumetric readings are taken on all
terminals of the system to be tested.

[

4D.

if no serious underdelivery exists,

4E.

if an unallowable undesdelivery exists |
on one or more terminals, the system is

WORK TASK 4 — COSTS

DIRECT LABOR
MANHOUR

ITEM MANHOURS RATE ($) SUBTOTALS (%)
4a 2 8.00 16.00
4b | 8.00 8.00
4c 2 8.00 16.00
4d 8 8.00 64.00
4e — —_— _

DIRECT LLABOR 104.00

DIRECT MATERIAL —

INDIRECT COST* 31,20

TOTAL COST $135.20
* 30% of Direct Labor

SUMMARY — CcOSTS '

Work Direct Direct Indirect Sub-
Task Labor ($) Material ($) Cost ($) Tolnl ($)
1 844.00 —_ < 675.20 1519.20
2 2305.00 543.81 1152.50 4001.31
3 618.00 —_ 247.20 865.20
4 104.00 — 31,20 135.20
TOTALS $3871.00 $543.81 $2106.10 $6520.91

Note — Due to the wide variance existing throughout the industry in labor rates and
indirect costs. only the material costs and manhour estimutes are considered

to be significant factors of reasonable reliubility.



APPENDIX E
AREAS FOR FUTURE STUDY

The researcher’s recommendation for areas of future study that have the great-
est potential for cost savings are discussed hercin,

INTRODUCTION

The following discussion presents proposals and recommendations for areas of
future study. Many of these can be reduced or increased in scope, depending upon
the reviewing activity. However, John J. McMullen Associates. Inc. (JIMA) con-
siders that these items are representative of the areas of greatest potential cost
savings and/or improvement for American-built merchant ships.

Certain of the proposed recommendations are a result of encountering unre-
solved problems whose resglution is beyond the scope of this project. Others have
been suggested to afford the shipbuilding industry cost-saving innovations and prac-
tices similar to those generally available to shoreside design and construction ac-
tivities. ! \

DUCT PRODUCTION AND FABRICATION

As part of this project. detailed research has been directed towards the practices
followed in the commercial shoreside HVAC industry. Certain of the information
gathered in this effort has been associated with the layout, work and material flow.
and machinery used within sheet metal shops, with regard to minimizing costs.
While it is obvious that the problems faced by a shipyard are more complex than
those encountered ashore. it would seem that certain of the principles are especially
significant to duct standardization and cost savings. [t istherefore recommended that
a study be undertaken to determine if a feasible production line type of duct fabrica-
tion process may be developed to suit the diversity of the marine industry. While
some shipyards might already be utilizing such a concept JIMA suggests that the
additional advice of experts in the field of shoreside sheet metal fabrication. work
flow processes, and manufacturing of associated machinery, may result in additionnl
economical advantages. Any such effort would have to be undertaken with due
respect to agreements and contracts between shipyards and their union associations.
If agreeable to those concerned, the study should be accomplished through joint
input from shipyard fabrication personnel und from an organization experienced in
studies of this type.

In conjunclion with the above recommendation, JIMA also suggests that ship-
yard personnel associated with sheet metal fabrication be given the opportunity to

review and comment on some of the new machinery, tools. and sheet metal forming
methodology now available. While JJMA is primarily concerned with the design
phase of most projects. and shop personnel are more closely involved with the actual
details and problems of fabrication and construction. there are several innovative
devices now on the matket, both motor-driven and manual, that offer the promise of
increased productivity. There is also an abundance of fabricated parts and ducting
components which are available. SJMA has found that an excellent source of such
items, and articles associated with the commercial sheet metal trades. is **SNIPS™
Magazine. Inc. Included in this review should be an investigation of some of the
recent developments regarding the internal environment of workshops where opera-
tions are performed which give off toxic or annoying fumes (welding. burning. etc.).
The energy shortage has resulted in designs which are directed at least cost/energy
usage. The concepts involved with such designs are not unknown to shipyard
personacl. however, some of the new hardware may be.

PRESSURE DROP TEST PROGRAM

It is proposed that a testing program be instituted to determine the pressure drop
losses associated with duct branch take-offs (taps). especially on the return/exhaust
side of HVAC systems. While branch take-ofT losses on the supply side of systems
have been fairly well determined and documented (at least for round duct).
return-side losses have not been subjected to the same degree of resolution. Most of
the trade data sources state this condition. and where factors are given. they are
noted to be only those generally used and not substantinted by a testing program.
While the U.S. Navy gives values in their Design Data Sheets. an examination of
these will indicate that they are unsatisfactory for all branch/main air ratios. Many
design organizations utilizing these Design Data Sheets revise these values to suit
such ratios. But the results of these revised values have not been confirmed.

The main objectives of the proposed testing program are:

o Determine duct take-off pressure drop losses for branch and main sections.
on both the supply and return side of systems.

o Determine the geometric relationships of branch to main configurations
which result in the least pressure drop losses. and which are most easily
constructed.

© Determine the pressure drop loss variations between single and multiple
take-off connections at the same point on the main section.

o The above to be determined for both symmetrical and non-symmetrical
take-off connections (connecting ducts centerline relationship). with equul
and unequal air velocities in the branch and main ducts.

o Testing and analyses to cover the full range of air velocities normal to marine
projects, for both round and rectangular ducts and combinations thereof.
and for the full range of expected branch/main air quantity and velocity
ratios.
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The results of such a testing program will make available to system designers
duta more reliable than what they presently use, and will therefore eliminate some of
the problems encountered during system test and balance procedures. In addition, a
busic contribution of the program—should configurations be found with reasonably
low pressure drop losses—would be the elimination of many of the split muins now
used in favor of the more easily constructed take-off concept. This would not only
result in savings to the fabrication activities, but would also give the system designer
more freedom of choice. The above would also serve to further reduce (perhaps
significantly) the number of specific sizes us proposed in the basic standardization

program,
COMPUTER PROGRAMS

Although there are numerous duct pressure drop computer programs availuble
for use by commercial shoreside HVAC design ctivities, there is a definite luck of a
comprehensive program 1o suit marine HVAC instaliations. The low air velocities
generally found in shoreside instalintions. the different design parameters, (space
availability. system function, fength of run, equipment types, specific uir flow condi-
tions. duct component type, etc.), and the sctual basis of culculations, make the use
* of programs designed for shoreside instalntions impractical for marine instullations
unless substantinl program revision, review and in many cases. rework, is nc-
complished.

There arc programs available which were developed for marine installations by
various design agents and shipyard design functions. However, from review and use
of certuin of these. JIMA feels that none are fully responsive to the limiting design
conditions peculiar to marine installations, especially when considered in respect to
standardized duct sizes nnd components, and to cost savings from fubrication und
installation activities.

I is therefore proposed that o pressure drop program be developed specifically
for murine designs, und that it consist of a two-stuge procedure. The first stuge would
give preliminary sizing information to the designers for use during the initial design
phase. The second stage would produce the final pressure drop calculations and duct
sizes subsequent to the systems design/coordinution phase. The two stuges should be
so orgunized, and the initinl stage so developed thutany differences in their duct size
outputs (due to changes necessury during the coordination phuse of design) are small
enough to be accommodated without the need for repeated systems coordination.

The program should be developed to create a standard of H VAC system air flow
performance for American shipbuilding interests, und be arranged so that uny neces-
sary program changes/adjustments at later dates may be easily incorporuted. It
should include an extensive input data checking procedure, be capable of accom-
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modating both complete and partial systems, be capable of achieving system balance
within the constraints of the proposed standard sizes and components, and ac-
complish the necessary evaluntions to maximize cost suvings in the fabrication and
installation activities. 1t is estimated that a savings of 75 percent would ultimately
result in the design activity alone (over the cost resulting from hand calculations)
through the use of such a computer program. The development of this program could
also include provision for two other functions; HV AC noise calculations, and system
material requirements. This would further reduce the need for hund caleulation, and
in the case of noise calculations, would also reduce the extent of any corrective action
after system installation and testing. T

1t is also proposed that n computer program be developed to perform space
heating/cooling load calculations on a standard basis for merchant ships. The pro-
gram should have, as a major part of its contents, all *U** factor information as set
forth in the S.N.A.M.E. Technical and Resesrch Bulletin 4-7, **Thermal Insulation
Report." 1t should be capable of selecling summer, winter, and chunge-over, **U"’
factor values, and of interpolating between end values as given in the cited report. As
with the proposed duct pressure-drop computer program, it should huve an extensive
input data checking procedure, and be capuble of printing out all pertinent outputs in
a formut easily utilized by design personnel. Major design parameter values which
may change from ship to ship (weather conditions, personnel loadings, space temper-
atures, glass transmittance values, etc.) should be read by the computer us problem
input variables so that the program is as versatile as possible.

THERMAL INSULATION

At present, the U.S. Navy is eliminating thermul insulation on supply side air
conditioning ductwork, depending on the relationship existing between the dry bulb
temperuture of the air within the duct und the wet bulb temperuture of the air
surrounding the duct, Further, in areas where this relntionship would necessitate
insulation. the system designer has the option of gither specifying insulation or
providing by-pass air on the system so that insulation is not required. Thermul
insulation on the retura side of an air conditioning system is, in general, not required.
Thermal insulation requirements on ducting of supply and exhaust sysiems is spec-
ified in section 509 of the U.S. Navy General Specifications. with an casily followed
format. JJMA has noted the effect of minimizing insulation on Naval ships in
accomplishing various tasks for the Naval Ship Engineering Center. Except for some
specific instances, little condensation has been observed. One observation within a
scullery showed that the occurrence of condensation on uninsulated ductwork was
dependent on the existence of puint on the exterior surfuce of the ducting. Im-
mediately after space usage, condensativn was observed on painted supply duct, but
none on unpainted galvanized steel duct on the sume system.: ~ '



Based on the above, it is proposed that a study be undertaken to determine the
minimum thickness and type of insulation required for duct work commensurate with
condensation and heat transfer considerations. The basic objective is to reduce, or
climinate. as much of the presently required thermal insulation as possible.

Thermal insulation on all duct cannot be eliminated totally. However, for
many cases where elimination is not possible, the amount required can be reduced. In
addition, for borderfine cases, the application of an insulating paint or similar coating
may serve the purpose. Since the application of insulation is a costly item, requiring
in many cases considerations such as vapor scaling, portable pieces for flanges.
access plates, etc.. the need for such a study seems evident.

HVAC EQUIPMENT

There have been substantiul advances in HVAC equipment design to suit the
commercial shoreside trade in the past 15 years, as well as broad developments in
methods and concepls for protecting material from adverse environmental condi-
tions. These should be investigated with respect to their particular application to
marine projects. New equipment types have been designed and builk for the U.S.
Navy, including Tafger cooling coils and a new family of sizes of fan coil units. These
items should also be investipated for applicability to commercial marine projects.

in conjunction with the above, it is proposed that a study be undertaken to
review, update. and/or change, the type of HV AC equipment presently required for
installation on American flag ships. Few equipment manufacturers have been re-
sponding to requests for bids on marine projects. Some have stated that they do not
wish to bid on marine projects due to the speciaities involved. and the increasing
costs and scarcities of certain of the materials required to meet specifications.

One of the common problems faced by equipment manufucturers is that of
tooling and work scheduling to suit marine requirements, and of having large periods
of time in which the need for their product is not in reasonable demand. It may be
desirable to have equipment types which, except for military shock grading. are
applicable for both naval and commercial marine designs. Trade-off analyses should
be accomplished concerning items such as adjustable pitch direct drive vaneaxial
fans (similar to the Buffato Forge Co. ** Adjustax’” series) which may be adjusted for
capacity control after installation. The trade-offs should include the extra cost for
such equipment versus the time saved during the system testing and balancing
procedures.

A study of this type should be accomplished through a joint effort of both
equipment manufacturers and representatives of the marine design field. Owners®

requirements and crew and operating personnel complaints should serve as an input
10 such a study as well as survey reports of equipment installed on existing ships of
various ages.

CONSTRUCTION DETAILS

1t is the opinion of JJMA that there is a definite need to establish a standard
booklet of construction details. resulting in the simplification of existing methods and
the minimization of the number of source materials. As part of this development.
cognizance should be taken of the large selection of components and associated
hardware available from the various American manufacturers, In addition. all con-
struction detsils should be so arranged that make/buy decisions will not affect
connecting components, or the component into which the bought item is to be
inserted. if such is the case.

SPECIFICATIONS

Itis proposed that the standard Marad specification format for Section 7 (Insula-
tion, Linings. and Battens) insofar as compartment thermal und acoustic insulation is
concerned, Section 12 (Air Conditioning. Heating and Ventilation). and Section 64
(Machinery Space Ventilation), be rewritten similar to the format used in the u.s.
Navy specifications, Section 509 (Thermal Insulation and Acoustic Absorptive
Treatment for Ducts and Trunks). section 512 (Air Conditioning. Ventilation and
Heating). and Section 635 (Thermal Insulation and Acoustic Absorptive Treatment
of Compartments for Surface Ships). Inaddition, any such redevelopment of Section
12 of the standard Marad specification should contain a definitive set of instructions
regarding the U.S. Coast Guard’s fire protection requirements as applicable to
HVAC systems, and an explanntion of rat proofing requirements for interspace
protection.

In conjunction with this effort, it is also recommended that & compariment
insulation chart be developed similar to that found in Section 635 of the U.S. Navy
specifications. and a Design Criteria Manual be developed for merchant ships.
similar in format and content to that developed by the U.S. Navy. **Air Condition-
ing, Ventilation and Henting Design Criteria Manual for Surface Ships of the United
States Navy" (N.S. 0938-018-0010).

This recommendation has been made in the belief that a more explicit set of
specifications will better serve both the design functions and the shipowners. as well
as facilitate checking by the owners® representatives. Some of the ambipuities and
arguments which presently occur will vanish. A redevelopment of the specifications
can be made in such a manner as to easily accommodate any specific changes found
desirable for any particular ship.

E-3



CONCLUSION

In making the above proposals and suggestions, JJMA renlizes that some
personnel, intimately associnted with marine type HVAC installations, will strongly
disagree with the degree of cconomic savings and benefits to the ship. 1t is also true
that design, fabrication, and instaliation practices differ between the various ship-
yards, and therefore what benefits one may be found costly to nnother. JJMA has
attempted to analyze the propusals in a manner to assurc that effort hus been directed
toward the formulation of cost reducing innovations. All comments, arguments, and
counter-proposals from American shipyard personnel and from the shipbuilding
industry are not only welcome, but necessary in furthering the cost saving fentures of
the National Shipbuilding Research Program studies.
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APPENDIX F

DUCT SIZE UTILIZATION —
FIRST GENERATION OF SPLITS

This is a listing of first-generation standard splits from standard duct.

STANDARD
DUCT SIZE ____STANDARD SPLITS
DEPTH OF IDTH OF
DEPTH(IN.) | WIDTH(IN.) || SPLITS (INCHES) | SPLITS (INCHES)
2 4 — —
6 _— —
' 8 — 4
4 4 2 2
6 2 24
8 2 246
10 —_— 24,68
12 —_ 24.6.8,10
14 - 2,4,6.8.10,12
6 6 24 24
8 24,6 24.6
10 —_ 2468
12 — 2-10 in 2 inch increments
14 — 2-12 in 2 inch increments
16 — 2-14 in 2 inch increments
18 — 2-16 in 2 inch increments
8 8 24.6 2.4.6
10 4 2468
12 4 2-10 in 2 inch increments
14 4 2-12 in 2 inch increments
16 — 2-14 in 2 inch increments
18 — 2-16 in 2 inch increments
20 _— 2-18 in 2 inch increments
22 — 2-20 in 2 inch increments
24 —_ 2-22 in 2 inch increments

STANDARD DUCT SIZE STANDARD SPLITS
TH (] OF
DEPTH(IN.) | WIDTH(IN.}{| SPLITS (INCHES)| SPLITS (INCHES)

10 0 46 46
12 4,6 4.6.8
14 4,6 4.6.8,10
16 — 4-12 in 2 inch increments
18 —_ 4-14 in 2 inch increments
20 — 4-16 in 2 inch increnients
22 — 4-18 in 2 inch increments
24 —_— 4-20 in 2 inch increments
26 — 4-22 in 2 inch increments
28 —_ 4-24 in 2 inch increments
30 —_ 4-26 in 2 inch increments

12 12 4.6.8 4.6.8
14 4,68 4.6.8.10
16 6 4-12 in 2 inch increments
18 6 4-14 in 2 inch increments
20 _ 4-16 in 2 inch increments
22 - 4-18 in 2 inch increments
24 — 4-20 in 2 inch increments
26 - 4-22 in 2 inch increments
28 -— 4-24 in 2 inch increments
30 —_ 4-26 in 2 inch increments
32 —_ 4-28 in 2 inch increments
34 —_— 4-30 in 2 inch increments
36 — 4-32 in 2 inch increments

14 14 4.6.8.10 4,6.8.10
16 6.8 4-12 in 2 inch increments
18 6.8 4-14 in 2 inch increments
20 —_ 4-16 in 2 inch increments
22 —_ 4-18 in 2 inch increments
24 — 4-20 in 2 inch increments
26 — 4-22 in 2 inch increments
28 — 4-24 in 2 inch increments
30 —_— 4-26 in 2 inch increments
32 —_ 4-28 in 2 inch increments
34 - 4-30 in 2 inch increments
36 —_— 4-32 in 2 inch increments
38 — 4-34 in 2 inch increments
40 —_ 4-36 in 2 inch increments
42 — 4-38 in 2 inch increments
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STANDARD .
DUCT SIZE STANDARD SPLITS
DEPTH OF Wi OF
DEPTH(IN.) | WIDTH(IN.) [ SPLITS (INCHES) | SPLITS (INCHES)
16 16 6.8.10 6.8,10
18 68,10 6-12 in 2 inch increments
20 8 6-14 in 2 inch increments
n 8 6-16 in 2 inch increments
24 8 6-18 in 2 inch increments
26 — 6-20 in 2 inch increments
28 — 6-22 in 2 inch increments
30 -— 6-24 in 2 inch increments
3 —_— 6-26 in 2 inch increments
k2 — 6-28 in 2 inch increments
36 —_ 6-30 in 2 inch increments
38 —_ 6-32 in 2 inch increments
40 —_ 6-34 in 2 inch increments
42 — 6-36 in 2 inch increments
44 —_ 6-38 in 2 inch increments
46 —_ 6-40 in 2 inch increments
48 - 6-42 in 2 inch increments
18 I8 6.8,10.12 6.8.10,12
20 8,10 6-14 in 2 inch increments
2 8.10 6-16 in 2 inch increments
24 8.10 6-18 in 2 inch increments
26 —_— 6-20 in 2 inch increments
28 — 6-22 in 2 inch increments
30 — 6-24 in 2 inch increments
32 —_ 6-26 in 2 inch increments
M —_ 6-28 in 2 inch increments
36 _— 6-30 in 2 inch increments
38 — 6-32 in 2 inch increments
40 -— 6-34 in 2 inch increments
42 —_ 6-36 in 2 inch increments
44 —_— 6-38 in 2 inch increments
46 — 6-40 in 2 inch increments
48 — 6-42 in 2 inch increments
50 —_ 6-44 in 2 inch increments
52 — 6-46 in 2 inch increments
54 — 6-48 in 2 inch increments

STANDARD

DUCT SIZE STANDARD SPLITS
DEPTH OF WIDTH OF
DEPTH(IN.) | WIDTH(IN.) }§ SPLITS (INCHES) | SPLITS (INCHES)
20 20 8.10,12 8.10.12
2 8.10.12 8.10.12,14
24 8.10.12 8.10.12.14. 16
2 22 8.10.12,14 8.10.12.14
24 8.10.12,14 8.10.12.14.16
24 24 8.10.12,14.16 8.10.12.14.16



APPENDIX G
COST ANALYSIS

Costs for various transverse connections, transformation pieces, access plates
and a belimouth terminal are itemized herein. Costs are in February 1976 dollars.

1.0 Cost Analysis: Flanged vs. Non-Flanged Transverse connections, comparison
basis = 12-inch by 24-inch duct

1.1 Flanged Type 4A: riveted angle flange, reinforced

Net material required: Cost (3)
o 1" X I” X " steel angle. 4-26" lengths 2.17
o I" X 1" X 4" steel angle, 4-12" lengths 1.00
® 2814 20 NC RH MS. %" LG 45
® 284" 20 NC hex nuts .31
© 2-72° X 1" 20 ga additional material on duct components Jo
o 88-%/1¢" din “‘pop” rivets 1.58
® 76" strip of 1" wide, 4" thick gasket 21
& Duct sealer (2-72" lengths & 88 rivet heads) 2.00

Total material costs = $8.02

Fabrication effort required: Time (Min)
o Measure and cut 4-26" lengths of angle 15
o Measure and cut 4-12” lengths of angle 15
o Weld 8 cormners 120
o Drill or punch 56-"/32" dia holes in angles 30
o Drill or punch 88-%14" dia holes in angles 40
o Drill 88-%4" dia holes in components' 40
o Install and set 88-Y/14" dia **pop" rivets! 45
© Seal 88 rivet heads! 20
o Seal 2-72" lengths? 20
o Measure and cust 2-26" X 1" and 2-12° X " lengths of gaskets! 15
o Align gasket on flange and drill 28-%/22" dia holes’ 10

Total time required = 370 Min.

'Dependent on the shipyard, ahigh age of these lasks may be accomplished aboard ship during
the installation procedure.

Installation effort required: Time (Min)?

o Align components, install and tighten 28-%" dia nuts and bolts 60
Total time required = 60 Min.

1.2 Non-flanged Types 10 & 11, drive cleat/S-clip
1.2.1 Types 10 & 11
Drive cleats assumed on 12" side of component, and S-clip assumed on 24"

side of component.

Net material required: Cost ($)
® 2-15" X 244" strips of 20 ga steel (Drive cleats) 4
® 2-24" X 344" strips of 20 ga steel (S-clips) 35
e Duct sealer (2-72" lengths) 1.80
® 4-1" X 24" 20 ga additional material on duct components 20

o 4-1" X 12* 20 ga additional materiat on duct components :lo
Total material cost = $2.59

Fabrication effort required: Time (Min)
o Measure and cut 2-15" X 244" pieces of 20 ga steel 10
o Notch to suit locking tabs (4) 20
© Bend over form to shape 2 drive cleats 20
© Mensure and cut 2-24” X 344" picces of 20 ga steel 15
o Notch to suit component corner connections - 20
o Bend over form to shape 2 S-clips 30
o Bend 4-12" X 44" tabs on components . 40

Total time required = 155 Min

Installation effort required: Time (Min)?
o Align components and install 2 S-clips 10

o Install side drive cleats and bend 4

locking tabs over 2
© Seal 2-72" lengths 20

Total time required = S0 Min.

1.2.2 Type 11A: drive cleat/S-clip, reinforced
Drive cleats assumed on 12 side of component. and S-clips with trans-
verse reinforcement assumed on 24" side of component.

*Average time, assuming some difficulty due 1o Emited space.



Net Muterial required: Cost ($)
o Same as for non-flange types 10 & 11 2.59
o Plus 2 additional 24* X 214" strips of 20 ga steel .25

Total material cost = $2.84

Fubrication effort required: . Time (Min)
o Sume as for non-flange types 10 & 1} 155
o Plus the additional work required to

form the reinforcing part of the S-clips : 20
Total time required = 175 Min

Installation effort required: Time (Min)

o Sume as for non-flange types 10 & 11 50

Total time required = 50 Min

1.3 Non-Flanged Type 9: riveted slip joint

Cost analysis based on riveted joint'

Net material required: Cost ($)
¢ 2 - 1" X 72" 20 ga additionul material on duct components 30
© 76 - " din “pop’’ rivets 1.80
o Duct sealer (1 - 72” length) 90

Total material costs = $3.00

Fabrication effort required: Time (Min)
o Drill 494" dia holes in end of one component 5
o Attach 2 components and drill through

4 hwles into second component 10
e Set 4 - ¥ din “*pop™ rivets 5
o Diill remaining 72 - %" holes through both components 70
o Set remaining 72 - 314" dia “pop’’ rivets 40
o Seal 72" length 10

Total time required = 140 Min

'Net inl cost und fubrication cffort would be s hat less for s spot-welded ¢ ion than fora
riveted connectiva. However, most shops do aot huve the specinlized welding cquipment necessary for
this purpose.
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Installation effort required: None. Itis r o fiekd connec, 1. Itis wotally fubricated in
the shop. .

1.4 Non-Flunged Type 12; clip & strike latch

1.4.1 Type 12
Latches and strikes on 24" side of components, therefore, 4 required (2 on
euch 24" side) o
Net materinl required: . . Cost ($)
¢ 4 - latches 1.20
o 4 - strikes .20
o 4-U" dia cotter pins, 1" long .10
o 1" X 72" strip of 20 ga steel (additionanl on component
which curries the Iniches) .15
o 72" X 24" strip of 20 ga steel (for retaining clip) . .34
® 24 - 334" dia round head rivels 24

® 38 - ¥1¢" dia “*pop"’ rivets 90
o Duct sealer (2 - 72" lengths) 1.80
Total materinf cost = $4.93

Fabrication effort requived: Time (Min)
o Measure and cut 2-24" X 2%4" strips of 20 ga steel . s
o Notch to suit component corner seams (4) : S 10
o Shape 2 - 24" |engths of retaining clip 30
o Measure and cut 2 - 12" X 244" strips of 20 ga stegl 10
o Notch to suil component corner seams (4) ! 0
o Shape 2 - 12” lengths of retaining clip 20
o Drill or punch 38 - %" dia rivet holes in retaining clips - 40
o Drill 38 - 314" dia rivet holes in component 40
o Install and set 38 **pop’’ rivets e . 20
o Peen end of component carrying latch over 13" (72" long) . 40
o Locate latches and strikes and drill 24 - ¥32" din rivet holes 30
o Install and set 24 rivets (with rivet set) 25
o Seal 72” length 10
Total time required = 300 Min
Installation effort required: Time (Min)
o Seal 72” length of retaining clip ’ 10
o Bring components together and secure latches 10
o Install and set 4 cotter pins b

Total time required = 25 Min



1.4.2 Type 12A (with reinforcement)

‘Latches and strikes on 24" side of components, therefore. 4 required (2 on

each 24" side)

Net material required: Cost ($)
o 4 - latches 1.20
o 4 - strikes .20
o 4 - W dia cotter pins, |” long 40
o 72" X 315" strip of 20 gn steel

(for retaining clip) . .53

@ 24 - 352" dia round head rivets .24
o 22 - 31e" din “*pop’ rivets . .52
o Duct sealer (2 - 72" lengths) 1.80
, Total material cost = $4.59

Fabrication effort required: Time (Min)
o Mensure and cut 2 - 24" X 344" strips of 20 ga steel 15
o Notch to suit' component corner seams (4} 10
o Shape 2-24" lengths of retaining clip 40
« Measure and cut 2 - 12" X 344" strips of 20 ga steel 10
o Notch to suit component corner seams (4) 10
o Shape 2-12" Iengths of retaining clip 30
o Drill or punch 22 - 9" dia rivet holes in retaining clips 25
o Drill 22 - 34" dia rivet holes in component ' 25
o Install and set 22 “*pop'’ rivets IS
« Locate latch and strikes and drill 24 - 331" dia rivet holes 30
o Install and set 24 rivets (with rivet set) 25
o Seal 72" length 10

Total time required = 245 Min

[nstallation gﬂ'orl required: Time (Min)

o Same as for non-flange tylpe 12 25

Total time required = 25 Min

1.5 Summary: Flanged versus Non-flanged Connections
(12" x 24" component size)

material fabricate install
cost time tlime

Base: Current Type 4A,

riveted angle flange, reinforced $8.02 370 min. 60 min.

Standard Type 10/11, drive cleat/S-clip 2.5 IS5 50
Standard Type 11A. drive cleat/

S-clip reinforced 2.84 175 50
Standard Type 9. riveted slip joint 3.00 140 N/A
Standard Type 12, clip and strike latch 4.93 300 25
Standard Type 12A, clip and strike laich 4.59 245 25

2.0 Transformation Piece
2.1 Typel

Material has been considered a trade-off with Type 2.

Fubrication method has been assumed to be based on a two-piece transforma-
tion, and two-Pittsburgh corner locks.

Fabrication effort required: Time (Min)
o Calculate L2 and L3 N
o Layout /2 pattern on sheet metal 15
o Add altowance for corner locks and transverse connections 10
o Cut out piece 15
o Use cut-out piece for template of second

piece and scribe on sheet metal ]
o Cut second piece 15
« Cut necessary corner notches 10
o Run corner locks and single locks (2 each) 20
o Bend each piece (2 bends) 10
o Assemble transformation and bend over two corner locks 20

Total time required = 135 Min

G-3



2.2 Type 2
Materinl cost has becn considered a trade-off with Type-1.

Fabrication method has been assumed to be based on a two-piece trunsforma-
tion, and two-riveted, spot welded, or grooved seams.

Fabrication ¢Nort required: Time (Min)
e Calcuinte L2 & L3 I5
o Determinc length of bend lines within
radius corner aren 30

o Determine distance between bend lines al intersection
with plane perpendicular to air flow at

radius corner end of transformation 0
o Layout 1/4 pattern and use 1o scribe two -

1/2 fuyouts on sheet metal 40
o Add allowance for corner locks and Trunsverse conneclions 10
o Cut out two pieces 30
o Cut necessary corner notches 10
o Bend ench of two pieces along bend

lines to 90° (4 such beads) 40
o Align 2-trunsformation halves und clamp together 10
o Drill 20 - #,d" din holes .20
o Set 20 - 34" dia **pop™ rivets 10

Total time required = 225 Min

3.0 Quick-Acting Access Plates
3.1 Round Access Plate (assume 8” dia opening — 5 locking bolts)

Net material requirements: Cost ($)
o W" thick steel (cover) . 45
o " thick gasket 16
o § - 14" din hex head machine screws, 1-14” long .02
o § - ¥4" din wing nuts 04
o 16 gu coaming 28

Total material cost = $.95
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Fabricution effort required: . Time (Min)

o Scribe cover on W" plate und cut wut 20
o Cut access hole in duct componem 10
o Cut out coaming 10
o Form coaming 10
« Shape coaming leg in way of machine

screws 1o lock hex heads (5) 20
o Weld coaming to duct 15
o Cut out and attach gusket . ) 10

Totul time required = 95 Min

3.2 Alternate Fasteners for Bolted A« cess Plates

Watertight Duct (gasketed access cover) Cost ($)
Present Practice:
o W" dia hex head bolt, I” long 04
o Countersunk “RIVNUT" with locking feature! _.n
Cost per ﬁnslencr assembly = $.76
Proposed Change:
o %" din hex head bolt. I* long : .03
o “KWIK-THRED" self-clinching fustener? b .06
Cost per fastener assembly = $.09
Air tight duct (gasketed access cover) Cost ($)
Present Practice:
o 1/4" dia RH MS, 3/4" long 02
o Countersunk " RIVNUT" with locking feature' 30
Cost per fastencr assembly* = $.32
Proposed Change:
o 4" dia RH MS, 3/4" long 02
o “KWIK-THRED" self-clinching fustener® .05

Cost per fastener assembly = $.07

‘Only that effort involved with the fluired portion of the bellmouth hus been listed. since the remaining
work will not be affected.
’Developmm of one end curve has heen assumed, which will serve ns template for all 8 such curves

required.
3T emph!c of end curve assumed available from set of seven master templates.



4.0 Bellmouth' Teyminal (D = 12", W = 87)

Material for flair (by current Method A), R = 2-1/4°, V = 3.53"

Cost ($) ~

¢ 2-3.53" x 22.5" 20 ga steel 33

e 2-3.53" x 16.5" 20 ga steel .24

Total cost (flair) = $.57

Fabrication effort for flair (by current Method A):' Time (Min)
o layout 2-18" sides with end curves* 40
o layout 2-12” sides with end curves? 10
o Cut out 4 components 30
o Bend 4 components to required radius 30
o Weld 4 corners 40

Yoy Total time required = 150 Min.

kY

Material for flair (by standards) R = 3", V = 4.71"

Cost ($)

e 2-4.71" x 24" 20 ga steel 47

®2-4.71" x 18" 20 ga steel 35

Total cost (flair) $.82

Fabrication effort for finir (by standurds):' Time (Min)
o layout 2-18" sides with end curves® 10
o layout 2-12" sides with end curves? 10
o Cut out 4 components 30
o Bend 4 components to required radius 30
o Weld 4 corners 40

Total time required = 120 Min

Only that effort involved with the fluired portion of the bellmouth has been listed, since the remaining
work will not be affected.
tDevelopment of one end curve has been assumed, which witl serve as template for afl 8 such curves

required. .
STemplate of end curve assumed available from set of seven master templates.
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APPENDIX H

SPECIFICATION TO INVOKE STANDARDS
FOR RECTANGULAR VENT DUCTS

This is a recommended specification for owners or designers who wish to invoke

the standards in new construction. It is a modification of the Maritime Administra-
tion Standard Specification for Cargo Ship Construction, Section 12, Article 10,
*“Trunks, Ducts, Accesses and Hoods.'

10.

TRUNKS, DUCTS, ACCESSES & HOODS

Duct Air Velacities

() Air Conditioning Systems
5000 f.p.m. maximum, except that 6000 f.p.m. may be used in short
branches close to the fan discharge when necessary to absorb static pres-
sure.

(b) Meclmniml' Ventilation Systems (Supply and Exhaust)
In areas where quict operation Is essential, 2000f.p.m. maximum. Where
space, conditions necessitate, local velocities may be as high as 2500
f.p.m.

Inareas where quiet operation is not essential, duct velocitics may exceed
2000 f.p.m. as approved, provided the fan size and rated horsepower are
not increased to accomplish this.

(©) Cargo Hold Mechanical Supply Systems
3500 f.p.m. maximum.

Central Cargo Hold Dehumidification Dry Air Ducts
2000 f.p.m. maximum.

(d) Machinery Ventilation Systems (Supply and Exhaust)
3500 f.p.m. maximum. .
(&) Natural Vent Ducts - Serving Mechanically Ventilated Spaces (Supply
or Exhaust - Direct or Indirect)
1000 f.p.m. for less than 4000 c.f.m.
1250 £.p.m. for between 4000 - 6000 c.f.m.
1500 f.p.m. for more than 6000 c.f.m.

()  Natural Vent Ducts - Serving Naturally Ventilated Spaces
800 f.p.m. (assumed for sizing of ducts)

Definition of Requirements

Watertight

Non-tight

Air-tight

**A"" Class Fire Proteclion

*‘B"* Class Fire Protection

Drip-tight

Material Requirements

Duct components designed and fabri-
cated to offer the vessel protection
against flooding from either inside or
outside the component. These shall be
of all welded construction and shall
have either welded transverse joints, or
properly gasketed flange joints.

Duct components not required to be
watertight. These shall be designed and
fabricated so as to offer minimal air
leakage.

Duct components designed and fabri-
cated similar to non-tight components.
but sealed to pass a suitable pressure
test.

Duct components designed and fabri-
cated to offer **A'" Class fire protec-
tion, as defined by USCG Regulations.

Duct components dcsiAgncd and fabri-
cated to offer **B** Class fire protec-
tion, as defined by USCG Regulations.

Duct components designed and fabri-
cated so that occasionat water intro-
duced into the system weather open-
ings will not seep through the duct
seams.

Duct components shall be made of hot-dipped, galvanized sheet steel (or other-
wise suitably protected. as approved). The minimum thickness of the duct material
shall be determined by the diameter for round ducts, or the largest cross-sectional
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dimension for rectangular ducts, as follows:

Al non-tight and air-tight ducts 24 in-
ches or less. Satisfies **B" Class fire
protection requirements,

20 USSG (.0359 inch)

All non-tight and air-tight ducts over 24
inches, Satisfies **B"* Class fire protec-
tion requirements.

16 USSG (.0598 inch)

All duct components exposed to
weather.

11 USSG (.1196 inch)

All water-tight duct components.

All duct components satisfying “A*
Class fige protection requirements.

All duct combonents subject to damage

(outside of .argo holds).

3/16 inch All horizonta! duct components in
cargo holds.

1/4 inch All vertical duct components in curgo
holds.

Spiral wound non-tight and nir-tight round duct, up to 12 inches diameter, may
be 22 USSG (.0299inch). This also satisfies **B** Class fire protection requirements.

Size, Fabrication and tnstallation Requirements

Where possible, rectangutur duct component sizes, design, fubrication, connec-
tions, coaming corner radil, and duct access, shali be in accordance with the **De-
signers Pamphlet” and *“*Construction Drawings' as developed for the Nutional
Shipbuilding Research Program regarding rectangular duct standards, Todd Seattle
Druwing Nos. 4966 SK - 006 und - 007 respectively. (Refer U.S. Department of
Commerce Contract 2-36233.)

Round ducts, depending on usage (non-tight, air-tight, watertight, etc.), may be
of the spiral wound, welded, riveted, seamless, or grooved seam types. Where
required for nir-tightness, un approved fire resistive high velocity duct sealer or tape
may be used.
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Al installed watertight, air-tight, and drip-tight «. ct-work shall be proven so
prior 1o the installation of insulution. .

Built-in trunk construction shall not be used for ducts having less thun one
square fool cross-sectional uren, and smatler dimension less than 9 inches.

Al ducts passing over electrical equipment shall be either of watertight con-
struction, or made drip-tight by welding or soldering the longitudinal seams on the
bottom of the duct. Ducts shall be urranged to preclude non-welded transverse duct
connections over electricul equipment. In addition, such ductwork shall be insuluted
and vapor sealed. where an analysis of the dry bulb temperature inside the duct und
the dew point temperature outside the duct indicates that condensution can occur on
the outside surfaces of the duct.

Access holes with suitable caver plates shall be provided for cleaning and
maintenunce of equipment and ducts.

Hinged doors for access shall be provided as follows:

(1) Entrance to plenums for servicing lilters.

(2) Both sides of cooling coils.

(3) At discharge side of axial fans larger thun 24 inch diameter.

(4) In joiner ceilings for uccess to concenled equipment (heaters, access plates,
valves, vents, controls. dumpers, etc.) size shall be at Ienst 24 inch x 24 inch.
and location shall favor equipment most frequently requiring inspection and
servicing. Y,

Provision shall be made for making ducts portable where required.

Flexible duct connections shall be used at room air mixing boxes. These connec-
tions shall be limited to 24 inch length.

AH openings on the lowest weather decks shall have hinged watertight metal
covers, except for air lift type openings fitted with louvers which may be furnished
with protective covers as specified in Section 22. Covers shall be provided for all
openings exposed to the weather.

Turning vanes or bar grids shall be provided to achieve uniform air flow to
registers, grilles and diffusers.

Gaylord exhaust ventilators or equal of the latest design (including quick release
automatic fire damper, automatic hot water cleaning facilities, necessary hot water
and drain piping. and grense extracting facilities) shall be provided over the ranges,
fryers, griddles, steum kettles, steam cookers and bake ovens. '




- APPENDIX 1

SURVEY OF FABRICATORS

A survey of a representative cross-section of U.S. sheet metal fabricators was
conducted to solicit comments concerning construction/fabrication of the standard
rectangular duct fittings and components, and then willingness to furnish and/or stock
the components.

Various manufacturers of commercial shoreside ventilation ductwork and
associated parts and components were contucted and discussions were undertaken
concerning their fabrication of various components for marine application, utilizing a
set of standardized component types and construction detail plans for guidance.

- The manufacturers were selected from advertisements in (rade journals, and
from information given by regional SMACNA (Sheet Metal and Air Conditioning
Contractors National Association Inc.) offices. The only criteria for selection was a
reasonable proximity to sen consts or the Great Lakes.

In order to provide a standardized format for review with proposed fabricators,
the following items served as a basis for discussion:

o Standard Components - Straight Duct
Elbows
Vaned Turns
Transformations

o Transverse Connection Types - Flanges
Drive-Cleats
S-Clips
Riveting

o Longitudinal Seams - Pittsburgh
Snap-Lock
Weld
» Duct Materials - Steel, galvanized or otherwise suitably protected.

o Size limitations due to shop capacity.

o Tolerances required by standard plans.
o Required lead time.
© Quote on prices for standard components.

Certain of the manufacturers expressed little interest in the concept primarily
due to the gauge limitations of their shop's sheet metal forming machinery. Those
interested and willing to manufacture the standardized duct and components are
listed herein. Some have had previous experience with government contracts. and
are therefore expericnced in working within the limits established by specification
requirements. In addition, the mnnufacturers listed have machinery capable of
forming the 20 gauge and [6‘gauge duct. and most have welding facilities for the
heavier thicknesses,

Insofar as lead time 1 cohcerned, the fabricators indicated that this will depend
on the size of the order, the number of different components required and the work
loading existing in the various shops at the time or order. Most manufucturers were of
the opinion that such work could be initiated in a timely fashion,

Concerning price quotations, it is generally their opinion that this would depend
on the actual construction requirements (the actual request (o bid on a particular
contract), since the duct size variance is so great. Those manufacturers specializing
in parts and components, such as transverse connections, vanes. vane runners. clc..
would be able 1o price these items on a per-pound or per-foot basis, if they were
provided with the necessary details.

All of the manufacturers listed stated that, given a copy of the design and
construction standards, they would be willing to review these and comment in
general regarding any thoughts they might have, and any simplification/chunges they

' may recommend.

The fotlowing list comprises those contacted who expressed interest in the
fabrication of duct and/or associated components for marine use. The listing
constitutes approximately 50 percent of the companies contacted. 1t is emphasized
that this is u very small sampling of the many sheet metal fabricators available and it is
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believell that many of those not contacted would also be willing to fabricate the

standard duct and components.

Company Name

Advance Sheet Metal
Company

Arcu Heating and Air
Conditioning Co.

Cuin Manufucturing Inc.

Chambers Sheet Metal
Compuny

Cleats Manufucturing
Company

Hahnel Bros. Co.

Holaduay Parks
Fabricators

Holzer Sheet Metal
Company

Juniper Industries,
Inc.

James A. Nelson Co.

Spears-Gutknecht
Enterprises. Inc.

Location
Scattle, Washington

Cleveland, Ohio
Birmingham, Alabama
Woodbury Heights,

New Jersey

Chicago. lllin. -

Lewiston, Mawe
Seattle, Washington
New Orleans, Louisiann

New York, New York

San Francisco, Calif,

New Orleans, Loni;inna

ra
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Telephone No.

206/622-8390

216/663-8915
205/322-0353

609/848-4774

312/521-0300

207/784-6477
206/763-8500
504/525-8134

212/326-2546

415/431-8202

504/822-3182

.
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