








~ See discussion of negligible fixtures on page 16.

TABLE 7.-Demand weights of plumbing fixtures

6. ApPLICA'rION OF LOAD CHART AND WEIGHT

TABLE

In estimating the demand load for a supply
pipe in any building, the total number of each
kind of weighted fixtures or weighted groups of
fixtures will be multiplied by the weight of that
fixture or group (table 7) and the products added
to obtain the total number of fixture units.
The demand load is given by the corresponding
ordinate of the appropriate curve in figure 5.
For example, assume that an apartment house
or a hotel has 100 bathrooms with flush-tank
supply for all water closets and that any other
fixtures in the building are negligible 4 in rela­
tion to peak demand. The total number of
fixture units will be 100X6, or 600. The ordi­
nate on curve 2 of figure 5 corresponding to this
abscissa is 147 gpm. This estimate, of course,
applies only to the main supply or service pipe
for the building and does not include any con­
tinuous demand, such as that for lawn sprinklers
or air conditioning, etc. Again, assume that
an office building has 100 water closets with
flush-valve supply, 25 stall urinals with flush­
valve supply, and 100 lavatories, and that the
demand of other plumbing fixtures is negligible
in relation to these, but that the building has
an air-cooling system which demands a maxi­
mum rate of 225 gpm. By referring to table
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Wcir,ht
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gronp in
fixture
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Type of supply

Flush valve (total) n_
Flush valve (cold only)_
Flush tank (total)_ . ..
Flush tank (cold only) n

~3~wf~erc~~;:spon(ling
group above for total.
2; for cold or hot

Occu·
pancyFixture or group

Bathromn group un Private
00_" 0000_'_0000 do. __ .._
Do _nun_n. __h_ 00.<10 _

Do do. __u

00_ . 0000_._0000 do __ u

Bathroom r,roup with _.._do. _00

separate shower.

Water closet uunn_ Puhlic __ Flush valve nun_
Do 0000_000000 n_do _00 Flush tank_.nnn _

Pedestal urinaLnu __n do Flush valvcn_nnn _
Stall or wall urinaL_on n_do. _00 n do _00000000_0000_00

DO_._nnn_n .._n do_on Flush tank __nnnnnn
LavatorYnnnnn_nn do __00 Total... 00_000000 __ 00_

Do. _"n_nnn'_h_ 00_<10 Hot or cold un_nn
Bathtuhsnnnnnnn __ dO_on TotaL_unnhhn n

DO.__unnnnnn do llotorcold __. nh_
Shower head .. h. __ do_ TotaL_n nnnnnn

00 0000 __ '00_00_00 do _. Hot or cold unn __. __

In suggesting this rating for a bathroom
group, it is l'eeognized that the condition of
service for which the rating is made does not
completely block out of use one-half of each
kind of fixture, as would be required for the
result obtained to be exact. What actually
occurs in the installations to which the proposed
rating would apply is that one-fourth or more
of the fixtures of each kind are not in service
during the time the other three-fourths or less
are in actual use, and that the ratio of tiT for
each kind of fixture is greatly decreased below
the ratio applying to congested conditions of
service. For example, if each of the water­
closet flush valves is operated twice during the
hour in which it was assumed that two-thirds
of the bathrooms were in use, t/T=9/1800=
1/200; if used four times, t/T=9/900=1/100, as
compared to t/T=9/300=3/100 for congested
service. A similar relation will exist between
the ratios of tiT for flush tanks and bathtubs
under the conditions described and under
congested conditions. It may be noted in this
connection that assigning a bathroom group
one-half the rating that is given the same fixtures
in congested service would give an estimate of
the demand greater than one-half of that for
congested service. For example, 10 flush
valves for water closets, 10 bathtubs, and 10
lavatories in congested service total 160 fixture
units, which by curve 1 in figure 5 gives an
estimated demand of 81 gpm. The proposed
rating for 10 bathroom groups with flush valves,
80 fixture units, gives an estimated demand of
64 gpm.

Table 7 gives the fixture weights suggested in
accordance with the use to which the fixtures
are subjected and the manner in which they
are installed. The term" public" refers to fix­
tures which are individually open for use at all
times when the building is open, as in public
toilets or general toilets in office buildings.
"Private" refers to fixtures installed in groups
in such a manner that the entire group may be
and generally is confined to the use of one per­
son at a time, as in residences or private baths
of hotels. "Total" refers to hot and cold
supply combined. "Hot or cold" refers to hot
or cold water supply only.
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5 it is found that the total number of fixture
units is 100XIJ+25X5+100X2, or 1,325.
The corresponding estimated demand load is 247
gpm, to which 225 gpm must be added, giving
472 gpm for the total estimated demand on the
service pipe of the building. The method of
estimating for branch risers and other dis­
tributing pipes is similar, the estimate being
based on the' number of fixtures or groups
supplied through the branch, and the weights
being selected a.c(~ording to whether the branch
supply pipe carried the total supply, the cold
water only, or the hot water only.

X. ADEQUACY OF THE IvIETHOD

The proof of the adequacy of the proposed
method of estimating the demand loads to be
expected in building-water-supply systems will,
in the end, depend on its success in actual trial
over a period of years. Fortunately, in this
case we have a means of comparison with a
similar method that has been given a trial.

Table 8 is an abridgement of a table from the
construction manual [5] used by the mechanical
engineering section of one of the Federal de­
partments, based on the method of estimate by
means of the probability function as originally
proposed [1] in 1923. This table has been used
for a number of years by that office with reason­
ably successful results. The only complaint
against the results of using this table and method
that has come to the author's attention is that
it tends to give larger estimates than have
been found necessary for satisfactory service.
The principal reason for this tendency to over­
size supply pipes does not lie in any inherent
fault in the probability function, but in the
application of the method by means of a table
which does not provide for the probability,
or rather the improbability, of overlapping be­
tween or among two or more groups of different
kinds.

TABLE S.-Demand estimates in gallons per minute
from li'ederal table

Number of fixtures

The inherent fault of applying the proba­
bility function by means of a table is illus­
trated in the comparisons which follow. Table
9 gives estimated demand loads for flush valves
for water closets, flush valves for urinals, flush
tanks, and lavatory faucets, taken from the
curves of figure 4 over the range in number of
fixtures included in table 8. The values for
flush valves for urinals were taken from the
curve for flush valves for water closets on the
basis of five fixture units per fixture, and the
values for lavatories from the curve for bath­
tubs on the basis of two fixture units per fixture
(table 7).

TABLE g.-Demand estimates in gallons per minute frO/ii
figure 4

)<umber of fixturesKind of fixture

-;~ 12 162~~;;f100 150~-;;~~

- - - - - - - - - - ---
Water·closet flush tanks. 00 __

81218243039 56 66 96117167216310
Water·closet flush va]ves ......

3647161 7082981251401182205269327435
Urinal flush va]ves .... n ,, ____

27364754 61 71 89 98125140175205269
Lavatoriesu u_hhnnhn __

8 121620 23 29 39 43 58 fi5 84 102137

There are obvious irregularities in the esti­
mates given by table 8, especially in the esti­
mates for flush tanks and lavatory faucets.
This may be seen by plotting these values or
by comparing them by steps as is done in
table 10.
TABLE 1O.-Demand estimates in gallons per minute per

fixture by table 8

Xumber of fixtures
Kind of fixture First 50

Second
Third 50

Fourth
Last IC50 50----
-----------

F]ush tanks .. _00 ••

1.160.740.901.50O.

Lavatories ___.. _.
0.72.48.300.20

This makes the irregularities in table 7 obvi­
ous. To be consistent, the increment in the
estimate for a given increment in number of
fixtures should gradually approach a constant
minimum as the total number increases.

Table 11 shows the regular decrease in de­
mand per fixture as given in table 9.
TABLE ll.-Demand estimates in ga.llons per minute per

fixture by table 9

Xumher of fixture~

Kind of fixture 1--------- ..------------------·­
first 50 I second 50 I third 50 I fourth 50 I last ]00

Kind of fixture I---J-'

2 4 8 It" 24140 50 80 100150200300
------- ~ - -- - - --- -.- - --- ---- -- .~-~

Water·closet lIush tanks. nn 8 12 IG 20 30 38 50 58 80 95 11021.' 290

Water·closot flash v'llves ----1361661 72)" 'ool,~,~ '00 ""I~.~,~,Urinaillush valves. __ ._n __• 182.330.3642 50/64 72 90 10012511818~La'·atones. nnn •• __ n 610]51820 2.5 30 36151 601 75 85110, I I

F]ush tanks ... __..
Lavatories __nu _

1.32
0_86

1.02
0.54

1.00
0.38

0.98
.36

0.94
.35
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The regularly d<,creasing allowances per
fixture in this table arc propel' and permissible.
However, although the demand pel' fixture de­
creases with increasing number of fixtures,
tending toward the average demands for entire
systems, the estimate per fixture for satis­
factory service of the entire group of fixtures
cannot fall to that averagl', approximately 0.8
gpm per water closet and 0.16 gpm per lavatory,
if the supply pipes aTe to be capable of supplying
the peak demands.

There arl' two particular requirements that
any practical method of estimating demand
loads should meet. First, the method should
give estimates greater than thl' averag<' demand
for all fixtures in the system during the periods
of heaviest use; otherwise complete interrup­
tion of service ",ill occur. Second, the method
should give satisfactory and economical esti­
mates for groups of fixtures all of the same kind
and for groups composed of any number of
different kinds of fixtures. Thl' inherent de­
fects of a tabll' in the form of tables 8 or 9 in
ml'eting the second requirement will become
apparent from the comparisons given in table 12.

TABLE 12.-Comparison of demand estimates for plumb­
ing systems

taken does not specifically state that the SUIll

of the separate estimates for each kind of
fixture is to be taken as the total estimate, it
does not provide any other means of obtaining
the total, and presuma bly this is the method
that has been used in applying the table. If
this is true, it accounts to a large extent for the
overestimates complained of and previously
referred to. Furthermore, no provision is
made in the manual for the difference in demand
for the same fixtures in public (congested)
service and in private (noncongested) service,
an omission that would still further increase
the overestimates for the latter.

In addition to the fact that the method of
weighting fixtures as to their demands (table 7)
and applying the weighted total to probable
nse curves (fig. 5) will at least paTtially correct
the errors inherent in the use of tables as
illustrated, once the weighted method is under­
stood thoroughly, it will be simpler to use.
Tables in an abbreviated form, as illustrated
by tables 8 and 9, require interpolation for
values not appearing in the tahle, whereas
interpolation is automatically taken care of in
using the curve.

XI. ESTIMATES OF SEWAGE LOADS
Estimates by

" ",,,ter closet.
" Urinal.

TotaL 00 1~1--8G-'_____;;;_~50 flush v"lves CW. C.) h h_h 500 I-c----h 140 143
24 flush v"I'I"OSCUr.) h hh 120 uh 71 50
SOlavatories nn un_hdun __ 100 u 43 36

200 flllsb valves C"-. 0.) . 00001 2.000 1_000_000 327 29.)
100 IIlIsh v~l\"es (Ur.) h h_ .>00 __00 __ 00 140 lex.!

200 ]"vatones h Oo hh_I~::.:.::.:.:.:.: __ 10:" 8_"TotaL h h hh_ 2.900 I 432 569 480

Table 7 and Table I Table
figure 5 9 8

______________ ._I_fi_I~_~_\\_~e_l_g_p_m__ g_p_m_l_g_p_m_

It has already been pointed out on pages
4 and 5 that the probability function has only
a limited application to the drainage systems
of buildings. Insofar as the probability func­
tion is applicable to the estimation of peak
sewage loads to be provided for, the same fUllc­
tion as applied to the peak water demand (fig.
5) will apply also, with certain modifications,
to the drainage system. In the main, tIll' same
table of fixture weights (fixture units) will also
apply to both the supply and drainage systems.
The principal exception is tll(' water closet,
which for the drainage system will in general
have the same weight for a given congestion of
service whether the water-supply control is b."
flush valve or flush tank. In certain other
cases, it may become advisnblr to assign dif­
ferent weights to the same fixture, depl'nding
on the sizes of the outlet from thl' fixture and
of thl' fixture drain. Because the details of the
modifications indicated are dosl'ly relatrd to tlH'
capacities of drains, the further development.

72
30
18

22\1

70
47
20

2M171

120 100_0000_

40 00 00 00 00

24 00_00

720TotaL _00 00_ 00 __

Number and kind of fixture,

12 flusb valves (W. C.) " __00_0000 __ 00

8 flush v"lves (Ur.) ,, 0000 _

12 lavatories n _

A comparison of these estimates shows clearly
the tendency to overestimate when the separate
estimates for the different kinds of fixtures are
added directl~v to obtain the estimate for total
demand for all fixtures. Although the manual
from which the estimate values in table 8 were
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of the method of estimating sewage load will
be treated in the paper dealing with capacities
of building drains. Also, before the method
can be successfully applied in practice, the
abbreviated table of fixtme weights for demand
loads will have to be expandpd and modifipd.
Thesp modifications will also be developpd in
the lakr paper.

XII. DISCUSSION

The principal purpose of this paper is to
present the fundamental principles and data on
which the proposed method of estimating
loads to be provided for in plumbing systems
is bascd. It, has been pointed out that the
details of application of any method in practice
must be guided to a large extent by engineering
judgment in order that it may lead to satis­
factory results. The choice of values employed
in evahmting the probability function and in
converting estimates in number of fixtures
flowing to estimates in gallons per minute rep­
resents the author's judgment.

It, has also been pointed out that it is impos­
sible to determine or to estimate closely either
the maximum demand load or the maximulll
sewage loael that will occur in service. It is
only possible to estimate the loads having a
certain probability of being exceeded in a given
system. In this respect, it is believed that
table 7 and figure 5 will enable the engineer to
obtai n t,hat, estimate as closel~Tas the vnr~Ting

o

conditions encountered in plumbing systems
permit, and that the results of applying the
data presented in that form will in general lead
to the selection of adequate sizes of supply
pipes and as economical sizes as are consistent
with safety and satisfactory operation, pro­
vided the proper judgment is exercised in
estima ting the capacity of the pipes under the
particular conditions of installation.
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