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Abstract

“Hunter Fixture Units” appear tabulated and referenced in worldwide variations for
plumbing design for pipe sizing and capacity determinations. Dr. Hunter applied
binomial probability theory in application to simultaneous events of water usages and
drainage discharge events for design parameters of building plumbing systems. His
publications presented graphs/tabulations for pipe sizing. The derived basis from
binomial theory frequency analyses of usages resulted in tabulations that provided a
means for selecting pipe sizes for adequacy/functions. From limited actual building
usage patterns, data, and extended laboratory research the necessary piping
requirements for both supply and discharge emerged in tabulations and design curves.

Dr. Hunter at National Bureau of Standards undertook plumbing research 1921 to his demise in 1943.
The planned identified future reports were not undertaken.
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1. Introduction

Plumbing systems actuations occur randomly and intermittently with variable
magnitudes (probability for such events). Dr. Hunter introduced binomial probability
theory for simultaneous events for water pipe supply and drainage systems that set
sizing requirements. Improved procedures for loading tables were recognized as a
need by the Coordinating Committee for a National Plumbing Code. Codification
resulted from ‘fixture units’ (dimensionless) for probable instances in building pipe
sizing for water supply and drainage design. The water supply and drainage loading
tables in plumbing design applications were based upon loads in ‘dimensionless
fixture units’ as created from probability of simultaneous events introduced for water
supply and drainage design as applied in model codes and handbooks. Prolonged
illness and subsequent death of Dr. Hunter left barren the detailed descriptions applied
in preparing the technical paper on pipe sizes determinations/computation.

Design to codes for water supply and drainage requirements follow procedures with
tabulated “Hunter Fixture Units”. From mid-last century into this era, the uncertainty
factors in engineered systems sizing requirements demand for variations inherent to
design loading results from determinations for unknowns with variability
determinations from probability principals. Recent engineered sizing by adaptation of
probability determinations adapted from post-1940 plumbing systems loadings
variability concepts by Dr. Hunter found application to central air operations for
hood/air duct loads/power needs of station/plant loads with great uncertainty of
demand functions (2). That probability application of uncertainties drew on a referral
to Dr. Roy Hunters’ applications to plumbing systems’ fixtures user loadings (1).
Similarities for random events probability theory to engineered systems for sizing
water and waste piping systems relied on uncertainties from usage variations in
applications that led to a probability basis a means of quantifying a probable ‘not to
exceed’ failure rate. Uncertainty impacts from incalculable variables in many
engineering methods require probability - as developed for plumbing systems system
sizing parameters design approximations.
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Dr. Hunter in BMS 65 stated:

“INTRODUCTION” - Simplification and standardization must comply with
accepted health regulations and minimum requirements for plumbing, which in
turn should be based on scientific principles,

The report deals with one of the factors, on which minimum requirements should
be based, the maximum load to be provided for in plumbing systems. Other reports
are planned dealing with water supply and water distribution systems in buildings,
principles of building drainage, and principles of venting.

“PURPOSE” - Purpose of this series of papers is to collect in organized manner
information obtained by the author over a number of years (from 1921 to research
of 1937-1940) on plumbing, together with results from research (1937 - 1940) on
plumbing with intervening experiments and interpreting results in a form suitable
for direct and practical applications. It hoped that this series of papers will supply
logical answers to questions pertaining to pipe sizes and design of plumbing
construction.

Primary source documents (1, 3) present graphical (illustrated) and tabulated loads
results from probability theory applied to plumbing systems design requirements by
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Dr. Roy Hunter. His research extended over more than two decades. His detailed
research/analyses and introduction from binomial probability theory applied to
specific fixtures functions/user demands. Currently details developed for pipe sizing
in plumbing remains applicable with modified details.

The “fixture units”
terminology appears
for pipe sizing of
plumbing  systems

design and
regulatory
information in

“Hoover Code(s)” (5,
6, 7) with different
definition from the
1940 probability
concept. Use of the

: _ : <z terminology applied
to both design and regulatory requirements.

Observations (members of the committee) regarding use of water closets in public
places resulted in definition ... intent established rate of discharge of ordinary wash
basin at ..about 7.5 gpm, so near to one cubic foot minute that it was taken as the
definition of one fixture unit...in the initial usages. Terminology code changes
occurred after the research applications adopted from probability principles analyses
based upon actual fixture usages (supply or discharge) from defined user functions.

1.2 Secretary of Commerce - Herbert Hoover Recognition - 1924 (4)

Three sequenced reports (4, 5, 6) - recommendation of Dept. of Commerce Building
Code Committee. Reports - BH2, BH 13 — (same title — ‘24, ‘28, 32 - known as
“Hoover Codes”) were initially requested by Secretary of Commerce Herbert Hoover
(later 31% President). Statement from the 1924 code “...Actual practice has been
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governed by opinions and guesswork, often involving needless costly precautions
which many families could ill afford. The lack of generalized principles is responsible
to a certain extent for the contradictory plumbing regulations in different
localities ...”. Illustrations are shown (1931) and cited elements made for continued
research at NBS were noted with identification for the historically significance from
NBS plumbing research by Dr. R. B. Hunter (he was a leader in plumbing research at
National Bureau of Standards from 1921 to 1943). The acknowledgment stated
“Especial commendation should be given to Dr. R. B. Hunter for his ingenious and
accurate physical investigations of the hydraulics and pneumatics of drainage
systems under various conditions of use” (Chapter 7 extended contents on “Sizes of
Soil, Vent and Waste”).

1.2 Earlier Competence - Back to 1924

Initial documentation published in 1924 from developments of team efforts
established a new Plumbing Code; examples form that initial report are illustrated.

1.3 Supplementary Information

The prolonged illness and death of Dr. Hunter left
barren details/descriptions applied in preparing the
report for fixture units based upon binomial
probability of simultaneous events. A July 29, 1946
draft report (following WWII) by John French (7)
undertaken to investigate Dr. Hunters’ files provided
indications of source materials but was not published.
Selected information for sources and basis of
formulation of fixture units as developed and
published were sought as set in a directive

examining Dr. Hunter’s files” dated. Selected
materials  for  information/suppositions  from
records/assumptions attempted to establish the
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origins/resources and applications in Dr. Hunter’s developments. The primary focus

of the task was “

. to reconcile requirements of “A.S.A Plumbing Code and Plumbing

Manual BMS 66”. That apparently was not resolved although conclusion stated was
not to support the ASA version based upon differences between the methods form that
study. {Note - ASA — American Standards Association refers to a Standards
Committee (AESC) - AESC became the American Standards Association (ASA) in
1928. ASA was reorganized (1966); in 1969 became United States of America
Standards Institute (USASI) and now ANSI.

R. Wyly (8) comments related Fixture Units background developments and sources

that noted aspects of Dr.
indications of tests that Hunter had previously
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tables presented in the report. Extension of fixture
units sizing for capacities of drainage systems was

Hunter investigations.
conducted and
selected testing
results. The research

efforts enlarged the
database from testing

and gave newer
design data for larger
and complex

plumbing  drainage
system configurations
not previously
evaluated and data

Comments
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1.4 Other Research
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The research described in this report was undertaken
as_a joint project of the Msssnchusetts Institute of Tech-
nology and the Massachusetts State Association of Master
Pluabers. rograz which was started in the spring of
1530 in the Sanitary Engineering Laboratory of the :In stitute
had for 1ts object the deterninatisn of the hydraull
haradieristics of water ciodet bowls and (lusning derices
with a view toward effecting econcales In the use of water

!.n the design of plusbing systems. It was expected also
t the data thus obtained would be of walue in improving
tM design of both closet bowls and flushing devices.

Previcus research ot the Bureau of Standards in con-
nection with the development of the so-called PHoover Code®
for plusbing included, with studles of other fixtures, the
measuresent of the amount of water required and the rates of
discharge through seversl bowls of different types equipped
ey atandard cossercial flushing devices. The purpose of
these Sensuresents was to determine how much capacity should
be provided in the water supply and drainage systems for the
various fixtures in cosson use.

me 150 tests were made by the Bureau of Standards
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ferent bowls :Q._A_ﬂ_:_t_u_dle: i
the nfixtare wiites & rate of Flym of T

LS
=uh1 foat por minite, to be uaed a8 & .:nurq ur th ta o
It w

bing Llxtured, t
ta provide § fixturs units or 45 gallons par ‘ot
Azerican water closet bowls in order to insure
ing and to persit latitude in the seloctlon of the bow
was also found that whils scas bowls could be flushed
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Fixtures differ & great deal ......
ninor dotails of design asy considerably affact the
rato of dissharge, "It wauld be u in designing
pluabling systems to know the Ity uluu of each of
the common fixtures on the market. No at

tompt was
=ade to collect this mrorutlan,

although a dozen
or more fixtures were studled with referonce to
thelr rates of discharge,®
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and worldwide plumbing testing facilities were underway

(illustrated) but it is
unknown to what extent

collaborative
undertakings were
undertaken. U.S.
specialists shared inputs
and were involved in the
evolution of the “Hoover
Codes”. Referrals to the
studies of such
investigations appear in
the Hoover code
outcomes. Later efforts
by Dr. Hunter from
continuing research



apparently led to advances for FIXTURE UNITS concepts developments with
probability basis from continuity of research activities on an independent path.

Elsewhere, plumbing systems applications for varied design methods continued. An

example from a 1962 report from Great Britain, twenty years following Hunter’s

e report, maintained pipe-sizing methods from
earlier basis of flow designations that applied to
pipe sizing design as recommended practice.

2. Publications Noted

Background - Information preceding the 1940
Hunter report directed for pipe sizing designs
for plumbing systems based upon “Hoover
Code(s)” (4, 5, 6). Sample illustrations shown
indicate source basis applied to establishment of
plumbing requirements for designers’ purposes. Methods for plumbing system design
for system services capacities
buildings resulted from collaborative
efforts. Implementation to regulatory
purposes  established  systems’
requirements in  locales  for
regulatory acceptances (where codes
applied). Hoover Code terminology
applied “Fixture Unit” terminology
but not as Hunter later established as
integral with probability concept
usage.

e

The water closets served as a basis for fixture of supply and drainage parameters that
required detailed data input from test data for fixture discharge profiles (quite varied).
Sample illustration indicates use of a tracing technique for recording time varying
water closets’ discharges into a collection chamber that provided measurement
records noted in the figure. A test configuration balance (also shown) had provision
for elimination of water discharge loading impacts. Data for collected volumes as
function of discharge time indicated many profiles with multi-peaked outflow profiles
(formatted as flow rate vs. time).

Over time Hunter Fixture Units modifications occurred but with few detailed study
reports or detailed analyses/evaluations as codes/manuals adopted newer requirements.
Recent investigators applied probability Monte Carlo event computer methods to
random loadings, some for multistory buildings (reported at CIB W62 Symposia).
Such concerns need address. Extensive data sources reported by researchers to CIB
W62 on usages applicable to design requirements have been on diverse user-required
capacities and consumption in restaurants, exercise facilities, hot tubs/bath-houses and
tall buildings. Simultaneity usage patterns concerns from very recent water
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conservation actions (significantly less duration times) may result in limitations for
simultaneous event history with reductions of ‘overlapping’ simultaneous
events/functions.

3. Target Documents

Subsequently the model codes adopted Dr. Hunter procedures that also appears in
handbooks for domestic and worldwide usages (often locally altered tabulations).
Current U.S. codes include similar tabulations
but now modified and altered for water
conservation needs, and appear in reference
handbooks by plumbing and water utility
sources. Frequent referral and terminology ' Il BuiLDING

identification to “Hunter” persists in current MATERIALS
times. Tabulated ‘fixture units’ for water \>=4|| STRUCTURES
supply and drainage design for fixture loads ‘: RO B

remain a primary dimensionless system for
established code applications requirements for
pipe sizing in buildings'.

From the report: The Foreword by Lyman J.
Briggs, Director of NBS, states: ““... additive
reports in the Building Materials and
Structures series will be written”. “This
report deals with one of the factors which
must be considered in the selection of adequate yet economical sizes of pipes for
plumbing systems — namely, the load to be expected from a given number and kind
of plumbing fixtures”...... “This report deals ... in the selection of adequate yet
economical sizes of pipes for plumbing systems — namely, the load to be expected
from a given number of fixtures and kind of plumbing fixtures... L
“...estimating loads ..., it will be understood that such numerical values, when not
the actual results of Bureau tests or experiments, represent the author’s judgment
in regard to the most suitable factor to use in the application of the method, and
that these are not to be regarded as standard values, unless after approved as such
by a representative and authoritative body.”

The author’s Abstract stated: *“.. that a method of estimating the demand and sewage
loads for which the provision should be made in designing plumbing systems in
order that the service may be satisfactory. ... The relative load producing values of
different kinds of commonly used plumbing fixtures are analyzed, and a table is
developed giving relative load weights in terms of a load factor called the “fixture
unit. An estimate curve developed by the means of the probability function is given,
and its use in conjunction with the table of fixture units is illustrated.”

! Decades later “DRAINET” developed by Prof. Swaffield provides computer numerical solutions for
transient partially filled drainpipe attenuated drain flow dynamics (9) with solid(s) waste transport.
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Section 11 - effort extent in “Purpose” provides:*...organized from the mass of
information obtained by the author over a number of years, beginning with the
investigation in 1921 of plumbing of small dwellings, and including....... current
research (1937-40) on plumbing for low cost housing, together with the results of
intervening experiments related to plumbing requirements, and to interpret the
results of these investigations in a form suitable for direct and piratical
application. ...”

3.1 Associated Reports

Dr. Hunter provided apphcatlon based utilizations based on Fixture Units descriptive

usages. FeW i o comnes e
reports show WATIGNAL BU1IAD OF $TANDARDS - Lpme b, Dt
. publication date BUILDING MATERIALS
DN Sequences that and STRUCTURES
BUILDING Varya pOSSibly REPORT BMS66
MATE}IALS due to Institute Plumbing Manual
STRUCTURES required review B i
N REPORT BMS7 procedures (3’ o Comrion
iy 10). Example of &)
A, the  Plumbing W
Manual
Il applications
BUKEAD 07 STANDARDS specific to water
—— distribution
systems

SRR RN SR provides fixture
water supply apphcatlon for sizing demonstrates that noted differences from existing
methods (at the time) for new Fixture Units utilization of Hunter method.

The figure compares demand estimates in gpm usage from the so-called probability
function in manual of 1923 with new mode. There, demand cited in gallons per
minute directly for several fixtures shows indicated estimated irregularities cited as
erroneous since “.. the estimates for given increments in numbers of fixtures should

gradually approach a constant
DESIGN WATER DEMAND CURVE ..
o Fotre Type Tabl (Rurte) Flush Taks minimum as the total number
—_— E\x:ure ;ype 'll:'azle (:-:n:)t‘er) Lavatories . 99 Th d . .
—_ - Fixture e Federal Table (Reqt @ Time) Flush Tanks
_ A_- - Fixture TiSe Federal Table (Reg‘( @ T\me; Lavatories lncreases' * e lscuSS1on

suggested “... tendency to oversize

First 50

T T
Second 50 Third 50
Numbers of Fixtures

Fourth 50

Last 100
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1.6
14 % 4 < supply pipes does not lie in any
. LT\ // N inherent fault in the probability
5 RN X B function, but in the method .... but
§ 22 N % | a table which does not provide for
8 e ) - the probability, or rather the
02 ek G B improbability, of  overlapping
0 between or among two or more

groups of different kinds” (3).



Tabulated ‘fixture units’ for water supply and drainage design remained a primary
system established in code requirements (modified over time) as changes developed

for altered required fixture capacities.

4. Requirements - Loadings - References

Many design and code examples appeared for
required sizing practices in the tabulated listings
of Hoover codes. From the ’32 version tabulated
required drains and stacks loadings of drainage
elements from fixture units (definition of that
time) examples are shown. Later Hunter
developments from probable loading developed
listings based upon probability of simultaneous
event conditions differed substantially.

Fixture Unit applications of the method in
plumbing systems design were necessary for
implementations with explanatory introductions

and details/explanations to water supply and drainage systems.

() The provisi
A table 8055

Differences cited

needs for achieving descriptive documentation for design and use in regulatory
applications with requirements and rules illustrated for applications to demonstrating

still a marked lack

tion useful in the sslaction of servicsable pipe

BUILDING MATERIALS
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REPORT BME&

Flambing Manual

Rzport of Saboms
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wd Comrattion
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of agreement among
recommended plumbing
requirements” and also the
purpose indicated that .
intended to serve as a guide
in their own work and as
recommended procedure
where local codes do not 3

govem.” TS TS T

b
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The undertaking by J. French (7) was an attempt to seek greater knowledge of the

basis for Hunter’s published reports.

4.1 Perspectives

Indicated research aspects noted on Dr. Hunter investigations by R. Wyly (..) in
related materials on Fixture Units developments are to the point of the topic.

Pkt e g e, the s bding druin, uaed
beibding srmar o

m#mW«mm -1t

s
mampresers druioups. Thess lta s apply  (able o b agoiring 9 o) o and (7jmm
o the mas blding drais i buling o bubiinge, mach a bl 807-J11

S griphe

Comments in the report
provided  test series
limitations or indications
from certain historic parts
of past testing methods.
Report  applications to
water demand pipe system
sizing from tabulated
fixture units were
described and  special
concerns indicated in table
footnotes. For drainage
systems  utilization of

Fixture Units ratings concerning 1mphcat10ns from the earlier reports and results from

additional test series
introduced later
interpretations for

drain loadings as

derived from detailed
testing series and
results/conclusions.

From earlier Hunter

test efforts rather
unique experimental

developments were
noted and indicated
test experimental
illustrations. ~ Water

closet discharge profiles

and drain connected indicated attenuation of flows were determined.

That prior research demonstrated surge attenuation
from water closets interacting with other pipe flows.
The attenuation of surge waves combined with other
essentially steady fixture outflows (washbasins,
showers, and baths) had become an aspect of needed
data applied to developments in tabulated
correlations developed for fixture units. Newly
measured distributions of attenuated water closet
surges also were developed but shown as
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normalized water depth to drain diameter but substantiated earlier measured data
forms. Extensions for tabulated loadings results to design applications for allowed

loadings in determining allowable total
drainage discharges (not in Fixture Units)
for design purposes was not made. The
methods extended scope of tables to
buildings greater than three stories or more
in height and for systems with relatively
small horizontal branches. The Wyly study
showed tabulated results that indicated the
extent of capacity increases in drains when
surges occurred. As stated: “capacities for
hydraulics in steady gravity driven flows
are constant” and “of limited value in
solution of problems of surge flow”.
Further, for surge flows “hydraulic
elements vary both with distance and time
at any cross-section”. The tabulated test
indications ranged over values from two to
five times the capacity for steady flow
conditions. Expanded series of tests for

ble st the bases of drai tacks bn

branch drain discharges into main drain (few varied conditions) with unsteady flow
from branch loadings were undertaken. Compilations into broad tabular data listings

for applications to branch installation designs resulted.

5. Hunter BMS 65 (1)

The report Foreword by the Director L.J. Briggs, states “This report deals with one of
the factors which must be considered in the selection of adequate yet economical sizes
of pipes for plumbing systems — namely, the load to be expected from a given number
and kind of plumbing fixtures. Also, “..it will be followed by other reports in the
Building and Materials and Structures series dealing with other aspects of plumbing

problems”.

Methods of Estimating Loads in Plumbing Systems

by From

authors’ Introduction

ROV H. HUNTER

CONTENTS

tainabls

. P obta n
from the praability fanotion XL Refetentes ... oooooeeeeee

ARSTRACT expensive, Few, if any, existing plumbing

“Simplification and standardization must
comply with accepted health regulations and
minimum requirements for plumbing, which
in turn should be based on scientific
principles, The report deals with one of the
factors, on which minimum requirements
should be based, the maximum load to be
provided for in plumbing systems. Other

reports are planned dealing with water supply and water distribution systems in
buildings, principles of building drainage, and principles of venting.” And in the

(13

“Purpose’ there appears

this series of papers is to collect in organized manner
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information obtained by the author over a number of years (from 1921 to research of
1937-1940) on plumbing, together with results from research (1937 - 1940) on
plumbing with intervening experiments and interpreting results in a form suitable for
direct and practical application. It is hoped that this series of papers will supply
logical answers to questions pertaining to pipe sizes and design of plumbing
construction”.

Selected report materials indicate Fixture Units developments for the adopted
technique and methodical procedure adopted. Developed materials apparently resulted
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and applies only to the irregular and intermittent flows that occurs in plumbing
systems during that time (usually very short) and in that section of the pipe in which
the variable factors involved (velocity or volume rate of flow, pressure, or hydraulic
gradient, and hydraulic radius) are constant” and applies only to the particular
conditions — namely, condition of uniform continuous flow in the pipe. Hence,
conventional pipe formulae applies to irregular and intermittent flows that occur in
plumbing systems only during that time (usually very short) and in sections which the
variables involved (velocity or volume rate of flow, pressure, or hydraulic gradient,
and hydraulic radius) are constant. That descriptive explanation was an attempted
explanation for conditions of “steady state approximations” utilization.

6. Manual Report BMS 66 (4)

Applications of Fixture Units for practical implementation procedures were provided

Bex. 303, Vicrifad-siny
204 Consrate pipe

Boe 305, arrim

See.

Hes. 308 Wrou
Hoc 300, Steal

The report background had past committee
actions with input or reviews for the new
document. It is divided into two parts -

(1) General and basic requirements;
Subject matter not likely to need frequent
revision, and

(2) Matter likely to need revision to keep
abreast of current standards when revision
is advisable.

manual. It is intended to serve as & gulde in
their own work and as
whers local codes do not govern, It is also
ua'amd ws » contribution to efforts toward
in plumbing

Farticutar sariphasia i placed upon its uselulnos
in connection with low-cost housing, where thers
in special need to take advantage of all legiti-
mate ecopomies. The field of the manual,
howaver, is not restricted to howsing. since the
same  fundamental principles  apply in any
strueture

In de v-‘laplnl the manual, close atbention
has to previous recommendstions
DND‘M b'! du Subcommitiee on Plumbing of
the Department of erce Building Code
Committee and imued undor the title * Recam-
mended Minimum Requirementa for Plumbing"’
by the National Bureau of Standards.  Simil,

emining mplum Part I also containe

of simple pl lay-cute par-
misaible undsr the r-qulllmll“‘ of part 1T and
applicable to low-cost housing.  (See par. 1008
and fign, 16 1o 20, pu TIL)

Several innovations of departures from the
usual form of preseoting plumbing requics-
monts bave boen made, to & few of which par-
ticular sttention i invi Thess changes
imm conventional matbode of pmmung -

made for the purposs of permitting the sngineer

to dﬂurm and the buillder to install, phunbtnz
aecard with th

of particular buildings than can be done under

tablos that make no distinetion for buildings of

different sises and iypes other than the total

prepared by

bodies have aleo Boen conwlted. The renlta

¢ resonrch, oxtending over o long period at the  from upplying the
NMM\I] Bureau of Standards have boen mado i .ll\loﬂ
Srailable to tre comumities, inchuding revults of
cxpariments that have bear since
committes ita work. In addition, (h-
mambars of the cammittes have brought to the
Tork an sxperience with plumbing extending
over many years. The manual represents the

obul.msd under the old methods,
ement of the manual in two main
pcu-u ane mnuunhw subject matter not likely
to need frequent reviston or additions and the
ather containing the subject matter likely to
revision to kesp abreast of current stand-

ns wuitable for use Elﬂvlllhoul the Federal
Government service.

The subject matter of the manual is divided arda, will fucllitate ravision ss sxperience and
inta two parts, aa follows: part 1T ravision advisable.
weneral wnd basic requirements concisely stated u * alao to be axpented that new date and other
and part I11 1 inter. of value ta or builder

the sngineer
will Do added o part TTT with sach revision.
Acknowledgment in made to Martin Goerl
waistance in preparing the report, to Theo-
dors €. Bailey for oditarial review, and to E. A.
Lmlwﬁ: M—-wuhmundl&

p.n 11, und much other information connidered
walanble to the builder in complying with the
and to the in deter-

in the Manual (3). Anticipated benefits
from newly developed procedures and
applications were indicated to be:

* Especially for large buildings;

* Better sewage transport

* More satisfactory operation

* More economical construction.

2. Vanuss ort, T, s AN g

is u characteristic of water closeta that
nore ot mder

In applying the prob
estimating the design load
aslsct valn

y
I tectable difference
tha flush in emptying

F o

t. In this eonn
engineering judgmen = o
Thers is likewise n range in lime of fow within

= o b underatood that in the

nces or private baths

refers to hot amd cold

supply combined. “Hot or cold” refers la hot
or cold water supply only

Tames T.—Demand weights of plumbing Astures

Detailed sample to both water supply and
drainage applications illustrate use of

Fixture Units. No distinctions or
differentiation for utilizations of Fixture
Units separately or for needs of

adjustments from initial developments.
The BMS 65, where the origins and

? Early recognition for dynamics’ essential details were not readily established at that time of his

research
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source indications were provided, the supply/discharge seemingly appear commingled
for further applications. That issue of whether there exists a need to distinguish or
utilize the aspects together or separately remains open and the subject requires
further considerations. Are there any limitations or assumed utilizations to both
aspects of piped plumbing applications? Scrutiny of those developed
bases/descriptions for developed and recommended Fixture Units from probability
of simultaneous events requires further study since of implied generalities to both
water supply and drainage does not appear or specifically addressed in published
discussion of the earlier developments as applied directly in BMS 66.

Report applications provide illustrative examples with discussion of usages to

only 2 inches per bour is to be provided for, the
allowsble roof arees may be doubled; and if n
rate of § inches per hour is to be provided for,

" the allowsble roof ares would become 2/3 of

the valuea given in the tables,

Par. 903(d). Avcowawcz ror Paorscrine
Warts—In cese s wall projests above s roof
in such & manner that storm water drains from
the wall onto the roof, the following allowances
to bo added to the roof ares are suggested:

(1) For total roof area spplisd to & loader or
storm drain reseiving total flow from the roof:

& For one wall only, add 50 percent of the
wall ares;

b. For two adjacent walls only, add 35 per-
cent of the sum of the wall areas if both are
. If the two adjacent walls are
of difforent heights, sllow 35 percent of the
combined wall area below and 50 percent of the
wall ares sbove the top of the lower wall;

e. For two opposite walls only, make no
allowanecs if both are of the same height. Add
50 percent of the wall ares extending nbove the
lower wall if the twe aro of different heights;

that of the roof, or add sﬂmmtoimedllm-
anck u{mogreawr than the roof area

e. For two adjseent walls only, ignore the
combined wall ares if less than that of the roof,
or ndd 35 persent of the differencs if it is greater

an the roof ares;

d. For two opposite walls only, ignore wall
ares if the ares of that portion of the higher
wall sbove the top of the lower is leas than the
roof ares, or add 50 percent of the difference
if it is greater;

e. For three walls extanding above the build-
ing, ignore wall mabdwlhs{upntmlwqt
wall and then apply ¢ or d above
whother the walls sxtending higher are ni.uxm.
or opposite.

In all cases, the importance of applying an
allowance for walls extending above the building
and draining onto its roof depends largely on the
relative areas of the extending walls and the
roof. If the roof ares is large relative to the
total aren or to that part of the total area for
which allowance would be made under the

applications for many aspects of
plumbed systems in small and large
buildings and extension to roof
drainage  applications/combinations
with drains and storm systems.
However, the examples do not discuss

Jong vertical veute to wash oul rust or other
mwdmla of corrosion. Fixtures dischergiog
or other wasta water likaly to congeal

and deposit and fixtures in sxcows of the linite

1k Cirenit lb){ hi
B

4 + Soil Staed

uettion. should not e p— . il
d. For walls on three sides, add 50 parcent ~ Preceding rulss, the matter is not likaly to be of o arisor Commbcrions. - Any e [ Branch Veet | et Stack |
of the area of that part of the inner wall that E7est importance, Tt may be very dirent Wheraby the santimity of the | Relief Vent
lios below the lowest of the three walls, and !¢ mske an allowance for wall ares if a low | Fixture Branch Sidy Yeat
allow for the portions of the two walls extending building is built at the side of & mll one or L_nm I P , 4;}/ = :
sbove the lowest, 88 in b if the walls are adjs- 0 sngle formed by two tall buildings, or if & |l — Ré{— e, |
cent, or 8 in c if the walls are opposits; low-roofed portion of & building has o similar = t | |
&, For walls on four sides, ignoro all wall aress  Péstion to difforont wings. It will be of less 1 Horizantal Branch
Iying below the top of the lowest wall, and add e in any cese if the leaders and storm k Cleamaut Plug | |
for thoss extending above it sesording to  dreins required by the regulations for roof ares
whether they fall under a, b, or d. alons are mors than ample than if they are near Frauns 21— [ffusiration ¢f oircuit-sno-tewy nenda.
(2) For spplication to loaders or storm drains  ¥ho limit in capacity. _ B Roar
reseiving only part of the roof drainage: The sllowances given in the precsding rules e
a. Determins the portion and dimensions  were selectsd to provide for & dnving rain at an ' m-:;ﬂ”.d:d*;ww t
of the roof sres drained into ench leader  augle of 30° with the vertical. FRegardless of ety fheg dredtend| §
sannestion; the angle at which the rain falls, the portions of
b. Compute all for walls roofs ignored under the rules given Staek Vent L —
wpnndy for each leader connection, ms for  ©an be safely ignored in regard to their offects e s & fFloor
total allowance to bo ndded, ignoring walls not  on the building storm sewer.
directly adjoining and extending sbove the Par. 904. Bzranars aso Cousrien Daanwe.— M
nection, of the roof drained into the lesder for  The provisions of section 04(a), part II, are I [
which the computation is being m: intended to require separate sanitary and storm - v e
(8) For appliention Inthamﬂnbmidmgdmn systems until they can be conveniently con- ===
and building sewer: st grade. The sanitary system should Rl Vet & Froar
& Ignore walls not extending above the be collscted into one sanitary drain and the it —
building; storm systom into one storm drain, and the two ockrmet L
b, For one wall only extending above the  connecied at grads, if it can be conveniently 1 s stck et s
ignore the wall ares if it is less than  dome without crossing ovar, If the preceding i - -
rse1 S Tt | ‘W c rewtt *—'r—‘l
~— | i o] Gt bent— P e oo
e 1
o i
!
32 not convenient o7 economical, the saitary  wyo branchos. I the siroet smwer ln subjoct : - e
end storm druinu on each side of the there will be N . T
sewer of the bullding mey bo joined at grade as |u helihood of detrimental eects to the i =S s &
desceibed snd the two combined draine thos  sanitary system if the storm drainage and .u. o it ~ i _ Al o Fiser
formed connonted ta the building sewer. Con-  tary drainage mre comied seperwiely to the Caed P
peclions ahould not be made through double  strast sewer. o
Tustn 90a-TIL—Reqsired dismeisrs for crusbined building draine and srwere according o wumber of fsturs el - T e e e ek ot
IR BLuKE LED MWIRS DATER) HTRGE TALL FER TRRT _ jnklm‘::ja); »D‘r";;nl{r Sloar wily v
ey -
am St b st ¢ Wi o oo
- e w | e | omo | s | taw | wem | sen | sem | sem | osam Foavin 20— Piping lag-oud for dupies apartmests, ¥iomee 22 Limdte for mrewiland-lop nents,
{203
yeugs R R ey R iy [ I e R R X .
R e e e T Rt ™) B B
do8 i i E i @ # B B OB the aspects of load simultaneity of the
H H H H H H H i n i # # .
I - - | - - -
f4 4l & & g i # B & 3 & system but imply such states. Sample
1N {1 O 1 I (1 I 1
i+ i B i S i 1 u H i b .
LI I from the report indicates the breadth.
rry——— i —— -
romg |
i s =4 L £ 1o . LR 2l 900 880 A 1180
pt
- 1] R, S
e ===, 7.J. FRENCH 1946 Report (7)
H 0o H Bi H ]
H i i H H i #
85 o5 E it ¢ The task of researching Dr. Hunter’s
Sm—— files following WW II was an attempt
s Lo | ame | ame | cme | oame | naw | s | wom :
= L to establish aspects from research and
T e T e o e | m | =] = | m, . .
7 "3 T Te Ty "3 T Ty "e " developments in setting the new
g & B B 8
io0b 4 i on & B B o8 8 hod £ Fi PR
{03 i il oH B & 3 & & & metho 0 iIxture units 1nto
#0838 B OB OB OB 5 5 Bl g s .. R
5| B % ¥ 5 B B 8 & w ¥ ¥ applications that had indicated
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differences from the then accepted standard. The draft report was not published;
several aspects from a copy are indicated from materials assembled for the report.

A few examples are reproduced from that study to illustrate selected report findings.
That source indicated the limited extent of information found (or determined) from
the files and records and limited resource materials found. The study specific
“Conclusions” (shown in the reproduction) indicates “recommending that the Bureau
(NBS) should not concur in publication of the proposed (at the time) code”. Several
additional findings reported that newer considerations by Hunter after the initial
reports (BMS 65 & 66) publication seemed likely. Other selected indications are

provided in the copied materials.

-~ -
Memorandus for Mr. Ge K. Thozpson
Fromi  John L. French

Subjectt Propomed A.S.A. Fluzbing Code

L Iniroduction

About the first of the year, you requested that an sffort be
made 40 reconcils the requirements of the proposed A.8.h. plusbing code
with Flombing Marmal BMSCE, and where lsportant differances existed o
examine, inscfar as possible, the merits of the two codes in the light

- of aecepted hydraulie theory.

It was discoversd early that any satisfactory comparison of the
two codes would pequire much more time than had at first been antic-
ipated, and your patience on this point has been fully appreciated,

The major portion of the dimcussion wnich follows conslsts of a
derivation of the tables of BUSSE, This has been difficult for several
reasons, the most important, of course, being Ir. Hunter's death in
1944, and the confusion in his files resulting in part frow the fact
that it was necessary 0 move them frou the Hydraulie Bullding, slong
with other hydravlic files, during the war, Certain Limited data
relating to the requirements of BUSEE have besn found im Dr. Hunter's
files ard have been used in the comments which follow, Additional
data were found which mar or may not have direct applicatien to BVBEE,
but Which wers not snalyzed becauss of lack of time. Certain other
data, known to have been obtalned under Ir. Hunter's direction, snd

having important application to BMSEE, have not as yet been located.

not prove to be warranted by futurs data, or by experimental results
which ma; be discovered in I, Hunter's files, Thess assumptions, as
will ba seen later, were made on what iz believed to be a eccnmarvative
basis,

The principles on which the following discussion are based are
all due entirely toc Dr, Hunter, and are sither described in his
published works, or bave bean implied in the data obtained under his
directin. However, none of the detailed computation sheata, or amy
direct description of the data or methods ussd by Dr. Hunter in
deriving BMSEE, have been found. We are, therefore, not justifisd in
assuming that the derivation of the tables in BUSEC in the following
aimcussion follows in precise detail the meihods used by Pr, Hunters

On the last page of tiis memorandun  table of contents is
provided.

I Beope of this analvels

Becanss of lim!ted time, only portions of thoss mections in the
two codes relating %o horizentsl drains have been exam ned, Ticee
mections dealing witc pressurc drains, combined drains, stacks and
wents have not been mnalysed, The derivation of BM3S6 en thess pointa
will be earried forward as ra;ddly as time and available data will
parmits

LII Derivation of Tables in BUSSE
A)_Probsble Trainace-losd Curve

The probable flow frow water closcts, bath tobs, and lavatoriesy
i.0., the load imposed on the drainage systec by these fixtures, has
been plothed in Pigure 1. Thess curves were cbtained as follows:

=

- mr, )
o R i A Yl T

Py

- 5
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Probeble Preposod Tovision of [Se8
Feralasidle Londings Found in Tre Suster's Files
Appendix T '

Boce 807 Sloplog Trains and Seeere. {Saoitary Ordyde

" {n) Horivontal Bramches — The sscisus msber of fixtars uudte.
M'mnmﬁmﬂmwagm-m-lwmmﬂ
the voluss glven in Colunn (2) of Tule X,

()" Prizary % iy
drained inte s prisary trench of givin dissetor and nlope shell vt
@ncesd the valves ghvon in Columns {8) 40 (6) of Teble X, except ap.
srovided for n pavagreph of this sociton fur prevsure drastape
coudibionse . . :
" {0) Secondary Branetmp and ¥ain Builéing trainp (Sonttary
Syston auly)e IF the Suilding Dradn hee one prémery bpanch only, o
. mot more then ooe prizary i 9f Heineh &1 ar lerges, e anin
bullding drain shall be of the diametor Tequired by Table E for prisay
branhoa, axcept av provided by patagrar: o Of uls Gestlen for presmure
.. drainege conditions, IT the Wdlding drpin hoo tuo or sore prisary
branches of Y-inch ¢immetar or proater, the muer of fintore wnits
dreined fnte tho mein building dratn and 4% Ssoemdary teanches ssy be
1 2 by 10 p mbiy of the muber pey for o peloary b -
‘of the smme disseter gnd elops, for onck primgry brunch upStress fron
the pasondary braneh or maln in questica eithin the lisdds piven o
Table ¥, provideds

= e

of fixwre wmite

il

m' Abat the tmilding drain and its secondary branches are Iatd
at & urdfor: slopoj T ! -

() hab 81 conneotions ere sade by meuns of sinle-T fletingay
and : : '
(8) ' that no privary branoh wivich oxtends less that 15 feot fn
length st grede before comnacting o the sain or a sscondery brench
ohall b counted 1n applylng Whis rulvs the proviwlas of sarageaph
(e}mm_mmmmmmtwmﬂmmm

Trkle X (BO7) )
' Capaeitien of Vorizontal Dranches and
" Prizary Branahes of Butllding Drainy

' fur primary brenches and comuted inder pavap

(d) Tressure Traknage Condisionss . In coss ne horiecntel branoh
or other trapped draln conmects to the sunttary droinags aysten within
smqamﬁmnmammmmtmm.mm
axvepbed); the permissibls musbor of fixture uwnits a9 ¢lven by Teble ¥
e for dary uranely
and main building drain =ay be ineressed by the Peoter (1 = L/B 8/h)

within the Linits pivon i fable m, where h- in the total foll in fest

in the butlding drain inclwing its longast branch emd B is the -

" glevation in feet of tho lowest horisoritsl brasch above the hovinantal

plane threugh the nd of 4he maln huilding droln, The provisions of
Mﬁowﬁcqﬁwﬂmﬂﬁtmmlﬂﬂﬁmﬂwﬂn’m
of the lewest horigontal branches on 8)) staths in the aysben asd
detaily rolating 4o oiy other propesad sopmections ouch A% 6 gewage
mw,mmmumwwwﬁw&mmm—
Hetlon ' L _
(o) =Alding sowers _hu_mmam.trwnm_m- -
'ﬂmu_th’mbﬂﬁm-ﬂmncrﬁqumww, shelld ba of
the seme diametor sr the sain wildise Arein,
:rmw-mﬂnm.ﬂwh-dﬂmﬂa slope of the-
mmwmmmn«mmmmmmﬁm
‘pudlding sower ohall Be muok et L1e cuppelly for non-preasure drainage
(peragrast: o), a8 ghven by Tetde X (colmne (6) to (W) for Mein
Wuilding craims for the elops 6o be instelled, i oquel o or greater
thin the nusber of Tixture wnite 1o be carriedy and the dismstor of the
building sswor for pressurs drainese (paresrvaph d) stedl bo such that
wutiding draine for the slope 16 be inssslied, 40 equal te or prester

 than the nusber of Tixters waite to bo earrleds end the dimseter of the

‘!‘ﬁh!{m} .
l-iut‘k_:nonn‘l.: ties of Dullding Desins for Kon-Pressury
" Dratappe Conditions (Sanitery only)s

@ ® ® @ @ @ M e m
N ® P B8 _-'_ - - -
5 - - . B 1 10
0§ e E0 4 o = GO 1010
6 - v ee age - a0 w00 mRo
6 So 1600 ISR0 SO0 M ®WED 380D GO0
W s 4600 660D GO 7SO IGO0 16000 21%00

fiarves...q 0

§ 3355353 aa .

'Iﬂﬁgm.l«'n.ﬁum.n.-."_ &
TR
Fofieseann..?

{1) Slope of horlsentul tranches ney be squil to o grester than the
ministn slope for given clamstors T '
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VI Goneleniong
The following conclusions aro belleved warranteds
1) ‘The propor conoept of Flow sonditicnn i & drainage system t8

of highly fluctusting flow obbaising in the horisentel branchon, with

fredusl yedusbion in the inbensity of surging as the flow pessen
w'm:wwwﬁmywm.wm-wmm
the sscondery brenghsde ' SRR
B) ‘he date prossnied in the feregping discuswion ere Limited,
and muny iuportant peints of the drainage eonoeps in (i) sbove are veb
by ey dmtms honos the enelysly acd use of the
svailable dais sheuld be sade 49 o conpervative ssmers Lt follows
that no - \-'-ma-cznmm
hamma;-m 1 belioved warranted ontil such time en edditionsd

a2k in the

exporinemtal, cvicome ting sush an i is available,
£) The provavlelosd curve derived in BHISE for supply losdn is-
Mm - A w Fe z e rq

D) ho probavle-load euwe of o fropoped AeSels €068 EDIOSNE -
40 be overly comervative, mlibouh the nethods by which LtWas
darived are fub Knmm 10 ke R ’

E) Tha ume of e Manding formila for uilfors flow W sanpube
oarrying ospacitien of horisuntal and prizary branches is_ sntdrely W
werranted by the dats eveldeble st Uhis tae ad sy doad %o seriows
overloading of ‘dralns, :

F) The effect. of alope on ihe carrying eapseity of horlsomted and -
mym”nsmm hutmmrnmmwum
Eroposed AeBehe 0l :

G} The concept of Pixture unit waed in the A.S.he code i i
quated. and leads to ewshersume mﬁ' 1i.1ugi.en1 handling of the probles of
public snd private use of plumbing fixturess

‘Mhe propoasd 4eSate cods Lo admirable in sany respecty nd Sn no
faw instancen offars distinei mwmumr MiGEG, Thim iy .
partielsrly. the case with the appondix wiich i to show in eous detatd
the uethods used in obt the tables of peraissible loade, T4 may
ba ponted cub hore that he data on surging flow used by v, Hunter in

preparing the tables of THS06 have not bean publlehod end, hones wepe '
oot evallable bo the AJS.h. conittes. The diffievlties confromting
the eounittoa in.“ﬁm eareying espacitios to the various draine

the e

Thore are twe basic amd £ aLE
eodea, Pirat in the magntinde of Wie load Likeky to b ispused on &

~dreinage systen by @ given nusber of plusbing fixtures, o magnitude
.nt ﬁn.a difference i shown in Figure XV, and since Dr, Aunterts curve

. has bean well substantisted by the analysis of WMICS, e chor elternatiy
exists but to scoept 14 undi) 1% 4o shown o be filee. The gecand baste
difforence is in the coneept of the type of flow for which draing
ghould be desimad. If the sarrying unpmi._t;y of the draing is oot

- based on the cm.ot' flow to which they are mbjovted, L% sopsars

| abviong that the ccmputed emmying eaoseltien w11l not nacanserily boms
‘goy velation to thelr setual eswying un;ml.ﬁ--w. n the one poinh
n‘kmatthnwno’ﬂm da for ing the 'ving

aspacity of horisontel and ety brmmw. Ltde bellaved that the

of the Aallyhe ooq‘.e by the Durcau do fully m-rmm,
For the sbove rosnond, and bermuse of somolusiens A o 0 sbove,

a 2

ﬂiemhd*mdmt\twmnrm&wnmrmmm :

ention of the propensd A.9.A. code Lo Junsified, iy 20, 1948
- . L2

8. Conclusions & Recommendations

The review provides an historical perspective for insights on methods developed that
introduced “Hunter Fixture Units” into practices for plumbing systems and continues
as a means for plumbing engineers/designers and as applied in adopted local
authorities’ applications for plumbing code requirements.

Considerations for further study involving probability analyses have broadly
expanded by computer numerical methods applications of Monte Carlo and other
techniques applicable to random event(s) theory and interpretations. Extensive field
usage data from CIB W62 colleagues’ presentations to W62 provide resources that
offer opportunities to generalize and further evaluate statistical loadings/simultaneity

aspects.
conservation.

Those efforts could contribute greatly to current thrusts for water

Function times for water closets have decreased to about four seconds for water closet

discharges for new reductions of water co

nsumption - down to about four or five liters

b

or 1.28 gallons, that vastly alters probable simultaneous event overlaps. With that
factor for probable simultaneity a decrease of probable t/T value occurs (about 250 %)
and then simultaneity for concurrent events in usages may not correlate with the
fixture unit value of six as adopted in the Hunter curves/report.
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Direct computational designs based upon numerical methods of solution for the
governing dynamic equations for flow in partially filled pipes (also full bore flow
techniques) also provides means for plumbing system designs (as advanced by Prof.
Swaffield and Heriot-Watt team with several others). This alternate method avoids
tabulated listings and provides great flexibility with competency for individual design
basis of many building applications and usage(s) for specifics applied to conventional
and individualistic design applications. Detailed study comparisons would be a useful
evaluation for decisions on applications from conventional tabulated values to more
exact method for plumbing systems designs.

9. Presentation of Author

Dr. Lawrence Galowin is a consultant, formerly a National
Institute of Standards and Technology (NIST) leader in
plumbing research; now retired but serves as Guest
Researcher. Consultant in: desalination developments by
wave energy pumping for RO methods & potable water relief |
by Slow Sand Filtering. He also serves on ASME national
plumbing standards committees, and continues performance
parameters research.
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11. Appendix

I. From Section III Definitions and Symbols (1): Clarity of special defined elements:
A number of terms employed in the plumbing industry, and a few that are now
introduced for the first time, are defined in the sense to be used in this (and later
papers) of this series. Included are following listed elements and others in the report:

plumbing system horizontal branch

building main building drain

water distributing system building sewer

sanitary system primary branch; secondary branch
plumbing fixture vent or vent pipe

drain vent stack or main vent

fixture drain Demand load; Sewage load

waste pipe Charging load

soil pipe Receiving capacity

stack Terminal velocity

Design factor m is the particular value of r out of n fixtures that will be found in
operation a selected fraction of the time under the assumed conditions of use.

Fixture unit, or load fact, is a numerical factor which measures on some arbitrary
scale the load producing effect of a single plumbing fixture of a given kind. The use
of the fixture unit makes it possible to reduce the load-producing characteristics to a
common basis.

Specific symbols follow:

n = the total number of fixtures or supply openings of a given kind in the system.

r = the number of fixtures out of a total of n which at any given instant of observation
are found operating to impose a demand load on the supply system, or a sewage load
on the drainage system.

m = the design factor (definition above)

q = the average volume rate of flow, in gallons per minute, to or from a plumbing
fixture during actual operation. Q = the total volume of water in gallons that flows or
is discharged by a fixture at each use.

t = average duration of flow in seconds for a given kind of fixture for one use

T = average time in seconds between successive operations of any given fixture of a
particular kind

T = time interval in seconds such that the event in question (for example, exactly r
fixtures will be found operating will occur for an aggregate off 1 second

C; =number of combinations of n things taken r at a time

p, = probability of exactly r fixtures out of a total of n fixtures being found in
operation at an arbitrary instant of observation

r=n
n

Z pr = the probability that some number of fixtures between r=m and r=n,

r=m

inclusive, will be found operating at an arbitrary instant of observation
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Il. From (8) the Reference List provides some insights into topics that were of
interest in a selected number of plumbing research efforts following WW II.
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