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Summary

Hunter's method utilizing fixture units has been used as the current
design procedure to calculate the size of piping. Nevertheless, we cause
several problems such as overload for design of piping in using this method.

Therefore, this paper described the water uses in multi-story flats and
suggested a method based on the probability theeory for calculating water con-
sumption.

We can estimate the water load with the probability distribution of simul-
taneous uses of water. The probability distribution is derived theoretically
by the queuing theory. At the model given with M/M/S types , Kendoll symbol ,
the probability of simultaneous uses of water is shown as the Erlang formula.
Approching 5, the number of fixtures ,to infinite,the probability distribution
shows the Poisscon distribution.

Analysing the water uses of the two multi-story flats, the probability
distributions were shown approximately in the Poissen distribution.Therefore,
the flow rates in the system equiped with the same and the different types of
outlets could be calculated with these probabilities given in the Poisson
distribution. These results were shown at small values in comparison with the
Hunter's wvalues.

In addition, the relation between loading units and 1loading curve was

shown as a simplified method for the flow rate design of multi-story flats.




Résumé

la méthode de Hunter utilisant des appareils fixes a &té& utilisée en
tant gque procédure de conception courante pour calculer la dimension des
canalisations. WNéanmoins, nous cccasionnons plusieurs problémes tels le
surdimensionnement des canalisations en utilisant cette méthode.

Ce document décrit donc 1l'utilisation de 1'eau dans les appartements
de batiments a4 plusieurs &tages et suggére une méthode basée sur la
théorie des probabilités pour calculer la demande en =au.

Neus pouvons estimer la gquantité d'eau & 1'aide de la densité de
probabilité de 1l'utilisation simultanée d'eau. La densité de probabilita
est dérivee de la théorie des files d'attente. Pour le modéle donné par
les type M/M/S, selon Kendoll, la probabilité d'utilisation simultanée
d'eau est donnée par la formule de Erlang. En faisant tendre S, le nombre
d'appareils fixes, vers 1l'infini, la densité de probabilité tend wers une
distribution de Paissoan.

En analysant l'utilisation d'eau dans les appartements d'un batiment
de deux &tages, les densités de probabilité sont approximativement des
distributions de Poisson. Aussi, les taux de débit dans les systémes
gguipés d'appareils fixes de miie type ou de types différents peut Etre
caleculés a l'aide des probabilités données par la distribution de Poisson.
Les résultats se sont révielés 8tre des valeurs plus faibles gue celles
données par la méthede de Hunter.

De plus, la relation entre les appareils de charge et la courbe de
charge se révéle Etre une méthode simplifige pour le dimensicnnement desg

taux de débit pour les appartements de bhiatiments & ﬁlusieurs gtages.




Zusammenizassung

Ale momentane konstruktionsmethode f£ir die GroBenordnung der Rohrverlegung -
wurde das Hunter-Verfahren gewdhlt, welches auf Installaticnseinheiten
basiert. Trotzdem ergaben sich eine Reihe von Problempunkten, wie zum
Beispiel zu der bei dieser Methode zutreffenden Konstruktionsweise =zur
Rehrverlegung.

Dementsprechend wird in dieser Studie die Wassernutzung in mehrstickingen
Mietshidusern beschrieben, und eine auf wWahrscheinlichkeitsrechnung
pasierende Methode zur Berechnung des Wasserbedarfs vorgeschlagen.

Die Wasserlast kann mit der Wahrscheinlichkeitsverteilung des
gleichzeitigen Wasserverbrauchs berechnet werden. Die
Wahrscheinlichkeitsverteilung wird theoretisch von der Warteschlangentheorie
abgeleitet. Bei dem mit M/M/S-Typen, Kendoll-Symbol gegebenen Modell wird
die Wahrscheinlichkeit fir gleichzeitigen Wasserverbrauch als Erlang-Formel
gezeigt. Mit S, der Nummer an Installationen, gegen Unendlich, zeigt die

Wahrscheinlichkeitsverteilung die Poissant-Verteilung.

Bie der Analyse des Wasserverbrauchs flr die beiden mehrstéckigen
Mietshiuser werden die Wahrscheinlichkeitsverteilungen anndhernd in der
Poissant-Verteilung gezeigt. Deshalb lassen sich die Fliefmengen bei
Systemen mit identischen Installationen und bei Systemen mit verschiedenen
Installationen mit den in der Poissant-Verteilung gegebenen
Wahrscheinlichkeiten errechnen. Diese Ergebnisse zeigen sich im Vergleich
mit Hunter-Werten als kleine Werte.

Fusitzlich wurde die Beziehung zwischen Lasteinheit und Lastkurve als
versinfachtes Verfahren fiir die FlieBmengenkonzept eines mehrstdckigen

Mietshauses dargelegt.
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1. INTRCDUCTION

The method by Roy B.Hunter{l) for calculating water consumption has been
used for the calculation of pipe sizes. However, it is pointed cut that we
cause several problems such as over loading for ﬁesign of piping, using this
method. In European countries and U.S.A, the factors of the method by Hunter
and new methods are studying(2 - 4). In Japan,there have been some studies in
the some cases(5 - 10). Recently , the society of heating, air-conditioning
and sanitary engineers of Japan proposed the new method for calculating water
consumption in HASS 206-1976(11). However, the new method has some problems
and the further studies are necessary for working out those problems.

Therefore,this paper suggests a method based on the probability theory for
caleulating water consumption and shows the results of calculating water
consumption in multi-story flats based on the data. Moreover, the relation
between loading units and maximum flow rates in flats is shown as a simple

method for calculating water consumption, following the Hunter's Method.

2. THE METHOD FOR CALCULATING WATER CONSUMPTION
2.1 The probability of simultaneous uses
and the procedure for calculating water consumption

We can calculate the water consumption with the probability distribution
of simultaneous uses of water derived by analysing the uses of outlets. The
procedure for calculating water consumption is as follows;

1) Decide the scale of a planning building ( the number of occupants , the
number of flats and so on )

2) Decide the freguency of use and the distribution of the using time in
each fixture and water.

3) Decide the probability distribution of simultanecus uses of water.

4) Caleculate the loading of systems consisted of same types or different
types of outlets by the probability theory.

The probability distribution is introduced theoretically by the gueuing
theory(12). If the servers (fixtures) s are arranged in a row line, the proba
-bility of the customer's arrival frequency is the Poisson distribution (ran-
dom arrival) and the service time is the exponential distribution, the proba—
bility of the number of customers in the systems can be obtained by solving
the equations of a state transition. The probabilities p. being customers =

in the systems are represented by equation (1).

Pa=0he  (0=nzs)

Pa= ﬂ‘:ﬁﬁu {a=n)




where:

-l . 2
r={Z S eiet 00 @
and:
a=ls/ur (the average number of simultaneous uses of fixtures)
p=a/s (utilization factor, p<l1)}
ly i average arrival rate { 1/, : average interarrival time)
pr i average service rate { 1/p, @ average using time)

Approaching the number of fixtures to infinite, the probability is approx-—

imted to the Poisson distribution as follow;

Pn-—ﬂe‘*‘%} =0, a0 e 3

When all fixtures are occupied, the case which makes users return is called

as the loss system. In this case there is the Erlang formula as follow;

Pt /B0 Omesy L )

When na=s , M is called the probability of loss, the Erlang formula is
established in any distribution of using time.

Therefore , if there are many fixtures used at random , the prﬁhability
distribution of simultaneous uses of fixtures is approximated to the Poisson
distribution shown in equation (3). Farthermore, the probability of outlets r
being on from a total of such occupied fixtures # is shown in the binominal
distribution #(r; n %) . Hence,the probability distribution of simultaneous uses
of water P. is the compound distribution in equation {5) and can be expressed

the Poisson distribution which includes the parameter aq .

Pe=Zpob(rim, ) =e- () (1—m)nr

=y fd:i'l.} e e (5)

where: 1 = the mean time of water use / the mean time of fixture use
art = the average number of simultanecus uses of water
Equation (5) is derived from the procedure of customers using water after
the arrival at a fixture. However, we can be derived the probability
distribution in connection with the occurrence of water use,therefore this

thought is applied in this paper.

2.2 A methed for calculating water consumption

If the probability distribution of simultanecus uses of water is given,the




maximum loading of system, invelving same types of outlets, is caleculated by
an assumed failure rate. At the group A involved same types of outlets, the
probability is formularized in equation(6) in the condition that the random

variable X takes the number of simultaneous uses Zu .
P X=z)=pa63 L. (6)

where: xu=0.1,2, ( %et :discrete variable)
£4(i) : probability function
Therefore, the maximum loading of systems,involving same types of outlets,
is derived from the value 7. which satifies equation (7) with failure rate Kn,
S PiX=my=K, @ g =B %

Egmmytl L

The Maximum flow rate @imex in group & is calculated by  equation (8}

included the average flow rate of outlet 9= in simultanecus uses.

Ga max ="TMafa {a} e e

In the other systems involved different types of outlets, the flow rate is
derived in term of probabilities with the conbinations of outlets, u=zing the
probability distribution of simultaneous uses in each Eroup.

In abéve mentioned case,if we express the groups of cutlets by A,B,C,-.and
the maximum numbers of simultanecus uses by a2, M, o , the probability
distribution of simultanecus uses of systms involved different types of

outlets P.(f) is derived by equation (9) with each cutlet used independently.
Pril)=[Pa{X=a) {Po(X=x0)} {Pe(X=2xe2)}- ... (9

Tar, Xuj, Tek, *o are the numbers of simultaneous uses in group A,B,C,:-- and
the numbers are discrete independent variables. Therefore, considering the
maximum number of simultaneous uses of same types of outlets, the number of

the conbination derived by P.() is shown by equation (10).
Mr=(ma+1) (mo+1) (me+1)- {10)

The flow rate is calculated by equation (11) in the probability of egua-

tion (9).
Qe (1) = Zatge +To,00 + Teage - coxens (113

wiere: fa, Fo, Ge, -~ are the average flow rate of each outlet in the same
manner as the same types above described. .

Therefore, the procedure for caluculating the maximum flow rate in the

system involved different types is as follows;




1) The flow rates calculated by equation (11) are selected stepwise from
the minimum value upward.

2) &{I) 1is used for the selected values.

where: /= 1,2,3,-+ and &, (1)=0

3) The probability value corresponded to each flow rate is caleulated by
eguation (9}, and the values are accumlated.

4) The minimum value », is calculated by the accumulated value satisfiesd
equation (12) with critical rate & .

5) The flow rate at the minimum value #- is chosen as the maximum flow

rate.
=P )=k (=m=w) (12)

In the above mentioned procedure,there is distinction between failure rate
K, and critical rate A for deriving the maximum number of simultaneous uses
of system involved same types of outlets and the maximum flow rate of system
involved different types of outlets.It is suitable for the both rates to take
the range from 0.001 to 0.01 in planning.

The above description was developed by the probability theory. If the
average values of the simultaneous uses of water are known in some buildings,
the water consumption can be calculated with the approximation to the Poisson
distribution.

If there are the frequency distribution of water use , the distribution of
water using time and the flow rate distributicn of outlets , the flow rate

which changes everymoment can be calculated by the Simulatien method.

3. ANALYSIS OF BASIC DATA FOR CALCULATING WATER CONSUMPTION
3.1 Research of water use in multi-story flats

For collecting of basic data for calculating water consumption , the

Where, the names are abbreviated. The building scale of TK was one tenement,
d-story house, divided inte 24 flats, That of TO was two tenements, S5-story
house, divided into 60 flats. Each flat had two rcoms and one kitchen-dining
in both cases.

The contents of the research were according to the water uses and the
amounts of water. The research systems of water and fixture uses are shown in
Fig 1. The water using time in each cutlet was recorded automatically in the
recording room, using the sensor of water use attached to the end of each
outlet. The water supply systems for the wash clothes and the WC at TO wera

recorded by the flow switches installed in pipes. There were five cold water

s

research for water use was conducted in two multi-story flats, IK and TO.H%
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Fig 1. Measurements for- using water and fixtures

outlets ; bath, wash basin installed washing machine, kitchen sink , WC and
basin, and one het water outlet; kitchen sink installd instantanecus gas water
heater.The amount of water use was recorded by the flow meter of each flat at
intervals of 10 minutes from 6:00 to 24:00. 19 flats of TK and 11 flats of TO
were chosen as the subject of this research. The average number of cccupants
in each flat was 3.45 in TK and 3.54 in T0.In the case of TO,the children age:
took 0-6, and the babies 0-2 occcupied for 70.6 per cent of them i 17 per-
gons. The research was conducted for the three groups and periods; 17-22 July
1974 on 10 flats of TK, 25-29 July 1974 on the other 9 flats and the former
one flat of TK and 23-29 July 1975 on 11 flats of TO.

3.2 The water consumption in sach water supply system

The average amount of water consumption per flat and hour : of each type of
outlet as a percentage of the amount for 1B hours (from 6:00 to 24:00) is
shown in Fig 2 divided in three cases; on Sunday , Saturday and weekday. In
those cases there are large variations in some patterns because of limited
sample size. However, the character of each pattern can be recognized. Those
characters are related +to the occupants' life activities in a day. For

example, the characters are recognized in the differences between the peak




Average amount per flat and hour as g percentage of the amount for 18 hours
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time occured on weekday morning and that on Sunday morning at the basin and
the WC. About the total water consumption in dwellings,theré are commenly the
largest peak caused by wash clothes in the morning, and the next peak caused
by a kitchen and a bath in the evening. '

The amount of water consumption per flat and day of each varisus water
uses is shown for each number of occupants in Table 1. There is a large
difference between the two multi-story flats in the case of wash clothes. The

difference was caused by the number of babies and the way of wash clothes.

3.2 The freguency of water use

The average frequency of use per flat and heur for esach type of outlet as
a percentage of the frequency for 18 hours(from 6:00 to 24:00)is shown in Fig
3. The frequency of use at the kitchen is the largest and that of use at the
basin is the next. The frequency of use of wash clothes in TO is about 1.5
times as many as that in TK. The amount of water consumption in TO is about
3.0 times as much as that in TK. In Fig 6 that gives the average using time of
wash clothes per one turned on-off of outlet as mentioned later, the value in
T0 is about 1.5 times as long as that in TK. In Fig 7 that gives the average
flow rate of wash clothes as mentioned later, +the value in TO is about 1.2
times as larpe as that in TK. Therefore,the reason that the amount of water
consumption at wash clothes in TO 1is about 3.0 times as much as that in TK
depends on not enly the freguency but alsc the way of wash clothes.The chang=
ing pattern of the frequency of water use did not alwgys corresponded to that
of the amount of water consumption, and the many differences could be shown
at the peak time in the two cases.

The probability distributions of water use are shown in Fig 4 (a),(b) as
the examples for the time of high frequency on weekday. The results of the
data show that the distribution for each type of outlets is approximated to
the Poisson distribution. Hence,; the distribution of origination intervals of
water use is approximated to the exponential distribution,and we can consider

that the water use ooccured &t random.

3.4 The water using time

The tendency of changing pattern of the water using time is approximated
to that of the amount of water consumption shewn in Fig 2. The mean water
using time for each type of ocutlets is shown in Table 2. The hourly average
water using time of turned on-off of outlet as a ratio of the hourly average

using time of that for 18 hours (from 6:00 to 24:00) is shown in Fig 5. In

the case of the different purpose of water use in same system, there were re-




Table 1. Amount of water consumption in each system of ocutlets (1/flat.day)

Number of |MName Each system of outlets fum of | Number
ocoupants| of Bath Wash | Kitchen|Kitchen| Basin WC | each of
per flat|falts {cold) {hot) Eystem|flats
2 K 184 172 187 2 66 115 7086 3
144%= 144% 117* g» 42 79% L2g# 2w
3 TK 157 154 laz 7 42 85 627
. TO 181 487 178 27 64 137 | 1054 G
4 TK 172 200 208 31 55 124 790 1=z
TO 179 4654 250 0.3 a7 93 | 1023 4
5 T0O 277 B78 305 13 9z 220 | 1785

* These values show the amount of water cosumption except one flat which

had consumed a great deal of water.
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Table 2. Average water using time (s} per flat in each syst?m of outlets

T multi-story flats

TO multi-story flats

Each 4 day 6-24 peak an hour 6-24 pezak an hour

system of PEr per |occured| pealk| per per |occured|peak

of the flat | flat| time | rate| flat | flat| time |rate
outlets| week {s/18h) [(s/h)| (h) {s/18h) |(s/h)| (h)

weekday 1102 160 17-18 2.62 1296 227 18-19 j3.15

Bath Saturday 1346 214 17-18 2.85 1621 405 15-16 |4.50

Sunday 719 141 17-18 3.53 1123 264 12-13 |4.23

weelkday 1019 306 8- 0 5.41 2189 810 B- 9 6.66

Wash Saturday 1014 239 8- 9 4.24 2264 B4l 8- 9 [5.10

Sunday 982 233 10-11 4.26 1698 578 g-10 |6.13

weelkday 1702 177 17-18 1.87 1352 165 19-20 |2.20

Kitchen| Saturday 1410 201 8- 8 2.57 13687 179 18-19 | 2.36

{cold) |Sunday 1719 209 21-22 2.19 1119 5L 17-18 [2.43

weakday 244 42 2123 3.0%3 137 39 g9-10 |5.12

Kitchen| Saturday i76 27 9-10 2.78 124 35 6- 7 |5.01

{hot) |Sunday 225 51 | 20-21 | 4.06 284 | 151 | 10-11 |9.56

weekday 385 | 102 7-8 | 4.78 377 59 B- 7 |2.79

Basin | Saturday 390 81 7- 8 3.73 424 B4 | 19-20 |3.57

Sunday 337 55 Lo-11 2.96 480 138 9-10 |5.54

weekday 914 170 7- B 3.34 1084 111 7-8 |1.85

We Saturday B67 113 7- B8 3.06 1110 116 8- 9 (1.89

Sunday 788 a4 8-10 2.16 1038 164 8= 9 (2.84

Note peak rate:

(Water using time at peak hour) /

(Average using time per hour from 6:00 to 24:00h)




markable differeces between the mean water using time. For example,the using
time was long at the time of pouring inte the bath, clearing the table in the
kitchen and washing face at the basin in the morning. The amount of effluent
in the WC changes by selected valve, hence,there are no remarkable differences
of hourly values in Fig 5. The cumulative frequency distribution of the water
using time for turned on—off of outlet is shown in Fig 6. The distributions
are approximated to the exponential distribution or the hyper exponential
distribution except the case of WC in TO. However, water using time in the
time cccured both activities of pouring into a bath and taking a bath is not
approximated to the two distributions as shown at the bath in TE. As shown at
the WC in TO, if many occupants select the high volume valve, the distribu-

tion of water using time is approximated to the Erlang distribution.

3.5 The flow rate of outlet

The flow rate is determined by pressure, pressure less in pipes;opening of
outlets and so on. The user controlls the flow rate by the opening of outlet
for each purpose.

The histogram of used flow rate as a percentage of total frequencies
recorded for 10 days in TK is shown in Fig 7. The average flow rate of each

type of TO is in parentheses of Fig 7. In the case= of hot water supplyer at
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the kitchen and low tank at the WC, the flow rates are limited by the chara-
cter of the equipments,hence, the variances are smaller than the other cases.
Furthermore, flow rates are affectd by the number of simultaneous uses: Fig 8
shows the histogram of flow rates in each case of  the number of simultaneous
uses at the wash clothes in TO. The controlled range of flow rate iz wide in
using one outlet, whereas the range and the flow rate are limited with
increasing the number of simultaneous uses.

Therefore, the needed flow rate of each type has to be considered in con-
nection with using function , saving water,user's opinion and so on. With the
present studies and researches, the author thinks that the flow rate expected

in the maximum number of simultaneous uses is reguired to satisfy the average
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Fig 7. Histogram of flow rates

Zass EE;E?:&E:UUS Number of|Average |Standard
uses samples |flow roteldeviotion
(1 I 308 15.9 1.8
o 2 145 27.1 3.0
3 3 72 32.4 2.5
{4) 4 A0 45.2 1.5
(5} 5 a 37.2 1.0

35 A0

Flow rate (1/min)

Fig 8. Changes of flow rates by the number of

simultaneous uses, wash clothes in TO.
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flow rate described in Fig 7 for calculating load.

3.6 The preobability distributicn of the simultaneous uses of water
Considering the frequency and the using timé distribution of water uses,
the probability distribution of simultanecus uses of water in peak hour is
estimated to be approximated to the Peisson distribution by the gueuing the-
ory.The results of recorded data are shown in Fig 9 (a&),(b) exampled on week-
day - The distribution in each type is approximated to the Poisson distribu-

tion. The hourly average number of simultaneocus uses of water per flat is

shown in Table 3.

4. ANALYSIS AND CALCULATED RESULTS OF WATER LOADING
4.1 Caleulated results by the probability method
™ ' The caleculated results of water Iloading are shown on the basis of the
probability method and the data of water uses in the multi-story flats above
mentioned. .

The average numbers of simultaneous uses of water were utilized the values
shown in Table 3 and the probability distribution was applied the Poisson
distribution on the conditions of calculaticon. The maximum wvalues were

selected for the calculation of each type of same outlet within the wvalues

5
O
5
e -
3 S ey
o - A " 3 o
Py T o~ e
l.Dl.. o g 11|;||,_\';_ﬁ{' @ _":""‘
PR e Fro =t
i .8 B |'S 55 =2
i T 3 S Eoo =
= =2 L £ 2 58
'i. 5 e L1 ———
- £
= 5
=
S 9.5t z 0.5l
= =
= =
a 2
2 F =
=) =
|
(=5
e

(o) -TK multl-story flacs
(b} TO multi-story flats

Fig 9. Probability distribution of simultaneous uses of water
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Table 3. Average number of simultaneous uses of water

Hame Each system of outlets

Hours of Bath Wash Kitchen|Kitchen|Basin W
flats (cold) | (het)
6= 7 TK | 0.003 | 0.012 | 0.031 |0.000 |0.015 | 0.027+*
TO | 0.000 | 0.063 | 0.007 |0.002 |0.017+%| 0.026
7= 8 TK | 0.004 | 0.047 | 0.026 |0.001 |0.029*%| 0.025
TO | 0.001 | 0.195 | 0.024 |[0.000 [0.012 | 0.033+
B - 9 TK | 0.010 | 0.085% 0.037 [0.006 |0.009 | 0.018
TO | 0.010 | 0.228% 0.028 |0.001 |0.015 | 0.022
9 -10| TK | 0.022 | 0.034 | 0.022 |0:008 |0.008 | 0.017
TO | 0.026 | 0.061 | 0.030 |0.010* |0.009 | 0.024
17 - 18 TK | 0.036%| 0.018 | 0.036 |0.002 |0.004 | 0.012
TO | 0.016 | 0.036 | 0.032 |0.001 |0.004 | 0.020
18 - 19 TK | 0.028 | 0.024 | 0.043 |0.003 |0.002 | 0.009
TO | 0.063* 0.013 | 0.035 |0.002 |0.004 | 0.014
19 - 20 TK | 0.017 | 0.011 | 0.048* |0.008 |0.005 | 0.009
TO-| 0.02B | 0.001 | 0.048* |0.003 |0.009 | 0.022
20 =21 TK | 0.016 | 0.014 | 0.047 |0.008 |0.005 | 0.0D9
TO | 0.041 | 0.011 | 0.028 |0.004 |0.005 | 0.019

* These are the wvalues in peak hours. Peak hour by the
kitchen (hot) in TK occured between 21.00 and 22.00h, and

the average number was 0.012.

Table 4. Standard flow rate (1/min) in each system of outlets

Bath Wash | Kitchen HitchEni Basin we
{zald) {hot)

As to use 12 13 10 g 10 10

more than two sutlets

As to use 20 25 15 =] 15 15

one outlet

=




given in Table 3. Furthermore,the wvalues between 8:00 and 9:00 were selected
for the calculation of the total water consumption involved different types
of outlets, for the reasen that the maximum amount of water consumption was
caused mainly at that time zone. "The values of the average flow rate of
outlets are shown in Table 4. In Table 4 the values of the upper spaces are
selected from the experimental values as the average flow rate to be utiliza-
ble at the maximum number of simultaneous uses. The fewer the number of si-
multaneocus uses occurs, the wider the controlled range of flow rate will be.
The values of the lower spaces give the flow rate used with the one outlet.
Fig 10 shows the maximum flow rate in each type of same outleis. In this
case, the criterion of the failure rate K. is 0.002. The values of wash
clothes in TO showed the wery largér than that in TH. If we make a decision
according to the other investigations, it will be suitable fTo understand
' that the value in TE is ordinary. Fig 11 shows the maximum flow rate to 100
flats involved the all same and different types of outlets. In this case, the
eriterion of the eritical rate K. is 0.D0Z2. Moreover, the sum of flow
rate which was calculatéd in each type of outlets to 1000 flats ©n the time
betwean 8:00 and 9:00 is shown in Fig 11 Tt is clear that the difference
hetwesn the value which is caleculated with the probability of combination in
different types of outlets and the total value which is calculated with the
probability in each type of outlets.The loading curve in TO shows large value
effected by the wash clothes.In comparison with the values by Hunter's method
and Sato's investigation(13), the result of calculation by the probablility

of combination is simulate approximately to Sato's investigation.

4.2 Calculated result by the easy method utilized loading unit

t The method for calculating water consumption by Hunter's Curve is
convenience. However, it is clear that the values give the aoverload for
the design of piping size from the above mentioned contents. Nevertheless, the
method has valuable contents to be analysed in the process of getting the
fixture units. Therefore, in addition to the above menticned results, new
loading units and flow curve are shown nearly the hunter's method.

For determining the loading units in each type of ocutlets, Fig 10 was uti-
lized. We can consider that the number of outlets is equal to the number of
flats in Fig 10, for each of flats eguips one outlet of each type. Therefore,
the relation betwesen the flow rates and the number of outlets can be gotten.
For example, in each flow rate; 0.5,1.0,2.0,3.0 and 5.0 1/s,the ratics of the
rumber of each type of outlets by standardizing the number of basin in TK

are shown in Table S{where; the number of basin in each flow rate of TK set-
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Table 5. Loading units

Flow Name Each system of outlets
rate of Bath Wash Kitchen |Kitchen | Basin wC*
(1/s) falts {cold) {hot)
0.5 TK 2:0 4.6 1.4 0.1 1 0.8
TO 3.1 8.0 1.4 0.1 0.6 1.2
1.0 TK 1.6 3.9 1.5 0.1 ik 0.9
TOD 2.8 10.0 1.5 0.1 0.5 i
2.0 T L ol 3.9 1.5 0.1 | 1 0.9
TO 2.6 10.6 1.5 0.1 0.6 1.1
3.0 TH 1.6 4.0 1.6 0.1 1 0.9
TO 2.6 10.86 1.8 0.1 0.6 1.1
'- 5.0 TK 1.6 3.9 1.6 0.1 1 0.9
TO 2.8 10.6 1.6 0.1 0.6 1.3
average | TK 1.7 | 4.1 1.5 0.1 1 0.9
TO 2.7 10.0 1.5 0.1 0.6 1o
loading units 2 4 1.5 0.5 1 1 .
4
* Low tank system is egquiped at the WC.
= 'FEI:
ik colculated loading curve
3o} .
20} Hunter’s curv},-—'“ ve

Bk 2
@ . Investgated values
< : ° by M.Sato
ar
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| .
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Number of loodind unlts

Fig 12, Flow rates based on the number of leading units




tles te unit 1). In this paper the flow rates are settled between 0.5 1/s and
5.0 1/s,however,we can select the flow rate at our pleasgure.The values in the
same type of outlets are similar in each flow rate, therefore the average
values of these for loading unit are shown at the lowest spaces in Table 5.
However, the leading unit of wash clothes was calculated from the values of
TK because of the values of TO were not considered ordinary. Furtheremore,
the loading unit of hot water in the kitchen was settled larger than the cal-
culated average values to be utilized not only in summer but also in other
SEeasons.

The relation between the flow rates and the loading units is shown in Fig
12; In Fig 12 the loading curve less than 6 flats was made some changes in
the wvalues. To utilize the leoading curve is a easy method for the calculaticon
of water consumption. However, the user has to know that the total maximum
flow rate caleculated in this method on  the time between 8:00 and 2:00 gives
more than the expected amount, ffor the loading units are settled- from the
maximum flow rates in each type of outlets. Nevertheless , the calculated

valules are half as large as Hunter's values.

5. CONCLUSION

This paper described a method for calculating water consumption for
designing a pipe size and the results of analysing the water uses in
multi-story flats.

The main conclusions frem this study are as follows;

1. The probability distribution of the number of simultanecus uses of water
can be derived by the gueuing theory with using the data ; the intervals be-
tween water uses and the distribution of water using time.

2. The amount of water consumption for designing @& pipe size c¢an be calcu-
lated with the probability distribution of simultanecus uses of water,using a
method based on the probability theory.

3. The intervals between water uses can be considered to be occured at ran-
dom, and the distribution of water using time can be approximated to the
exponential distribution or the hyper exponential distribution by the resultis
of water uses In multi-story. Therefore, the probability distribution eof si-
mul taneous uses of water can be approximated to the Poisson distribution.

4. The result of calculating water consumption based on the probability
theory using the distribution of simultaneous uses of water is a great deal
lower than that of Hunter's method.

5. Considering above mentioned results , the relation between loading units

and maximum flow rate was shown as a simplified method.
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