














5 it is found that the total number of fixture
units 18 100X 10+4-25X54100X 2, 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 according to whether the branch
supply pipe carried the total supply, the cold
water only, or the hot water only.

X. ADEQUACY OF THE METHOD

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 8.—Demand estimates in gallons per minule
from Federal table
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Water-closet flush tanks
Water-closet fliush valves __
Urinal flush valves. _______
Favatories. . ..o

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 9.—Demand estimates in gallons per minute from

figure 4

Number of fixtures

Kind of fixture e
2|4 8|12 16|24 40 | 50 | &0 |100(150 2mi300
s | i _|___

Water-closet flush tanks. ____ | 8/12 18]24 30,39, 56| 66| 96(117|167 216|310

Water-closet flush valves ____ (3647 64|70(82|08(125| 140|182 (205| 260|327 435
Urinal flush valves____________|27(36/47(54|61|71| 89| 98/125/140|175|205(269
Lavatories._________ 43| 58| 63| 84/102/137
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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.

TasLe 10.—Demand estimates in gallons per minute per
fixture by table 8§

Number of fixtures

Kind of fixture ]
First 50 | 5€€0nd | ppjrg 5o | Fourth | 1.q4 109
Flush tanks_______ 1.16 0.74 | 0.90 | 150 ‘ 0.75
Lavatories.___ ... 0.72 .48 | .30 0.20 | . 60
|

This makes the irregularities in table 7 obvi-
ous. To be consistent, the increment in the
estimate for a given inerement 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 11.— Demand estimates in gallons per minute per
fixture by table 9

Number of fixtures

Kind of fixture

first 50 |second 5 ml third 50 | fourth 50 | last 100
Flosh tanks_______ 1.32 1.02 1.60 J 0.98 0.94
Lavatories..______. 0. 86 0. 54 0.38 .36 .35
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The regularly decreasing allowances per
fixture in this table are proper and permissible.
However, although the demand per fixture de-
creases with inereasing 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 average, approximately 0.8
gpm per water closet and 0.16 gpm per lavatory,
if the supply pipes are to be capable of supplying
the peak demands.

There are two particular requirements that
any practical method of estimating demand
loads should meet. First, the method should
give estimates greater than the average demand
for all fixtures in the system during the periods
of heaviest use; otherwise complete interrup-
tion of service will oceur.  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. The inherent de-
feets of a table in the form of tables 8 or 9 in
meeting the second requirement will become
apparent from the comparisonsgivenin table 12.

T

"ABLE 12.—Comparison of demand estimates for plumb-

ing sz,.refems
Estimates by
. Table 7 and | 'l‘ahln Table
Number and kind of fixtures figure 5 | 8
fixture |
units | epm gpm gpm
S | =)
12 flush valves (W. C) s __________ i i, | ] [T | 70 | 72
8 flush valves (Ur. } LS R ; i I 47 30
12 lavatories_ _____ ST ! R 20 18
1] ) T S 184 86 137 | 120
50 flush valves (W. C.)____________ T I 40| 143
24 flush valves (Ur.) ... .._..._.__ 120 | 71 50
WAavatories st m i e SR s | {11 PSR 43 | 36
ey ) e SR e S o e | 720 | 171 | 254.| 229
200 flush valves (W. C.)____________ | 2000 | | s | 205
100 flush valves (Ur.). .. z | 500 140 100
200 lavatories . . i 400 | . 102 85
mgtalies s Do (200 | 432 560 480

= Water closet.

v Urinal.

A comparison of these estimates shows clearly
the tendency to overestimate when the separate
estimates for the different kinds of fixtures are
added directly to obtain the estimate for total
demand for all fixtures. Although the manual
from which the estimate values in table 8 were

taken does not specifically state that the sum
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 presumably 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. IFurthermore, 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
use curves (fig. 5) will at least partially 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 table, whereas
interpolation is automatically taken care of in
using the curve.

XI. ESTIMATES OF SEWAGE LOADS

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 fune-
tion is applicable to the estimation of peak
sewage loads to be provided for, the same funec-
tion as applied to the peak water demand (fig.
5) will apply also, with certain modifications,
to the drainage system. In the main, the same
table of fixture weights (fixture units) will also
apply to both the supply and drainage systems.
The principal exception is the 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 by
flush valve or flush tank. In ecertain other
cases, it may become advisable to assign dif-
ferent weights to the same fixture, depending
on the sizes of the outlet from the fixture and
of the fixture drain. Because the details of the
modifications indicated are closely related to the
capacities of drains, the further development
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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 fixture weights for demand
loads will have to be expanded and modified.
These modifications will also be developed in
the later 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 based. 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 evaluating 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 maximum
sewage load that will oceur 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
obtain that estimate as closely as the varving

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
estimating the capacity of the pipes under the
particular conditions of installation.
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