rainage stack that takes dis-
harge from all types of sani-
ary appliances and that is not
by vent pipes is called as sin-
stack and such a drainage sys-
single stack system. In any
age pipe when the water flows
| the stack ‘it reaches a steady
of flow in a short height of
forming an anular cross section
central air-core, The water
ng down exerts a drag force
e central air core. The deple-
air due to drag, if not fully
emented by the air from the
f the stack or by any other
rce will cause a partial vacuum
e stack, Normally the water
point of the stack offers some
ance to the flow of air and
helps the ereation of vacuum.
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iting Capacities of Drainage Stacks in
Single Stack System
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Investigations were carried out to find the inter relationship of

vacuum developed, the flow rate and the diameter of the stack.

"~ Equation was found out for expressing the inter relationship of peak

'uegative pressure, flow and diameter of the stack. Recommenda-
tions for limiting capacities of single stack have been given.

In single stack system the hydraulic
flow is limited to such an extent
that the vacuum developed is al-
ways within the safe range, to pre-
vent any serious damage to the wa-
ter seal. Thus the vacuum tolera-

ted depends on the depth of seals

used. Normally a maximum of
40-mm of water gauge is tolerated
when the minimum depth of seals is
50 mm. A 40 mm negative pressure
is reported to cause a loss of 25 mm
seal in practice. A residual of
26 mm deep seal is taken as safe.

The British recommendations for

single stack system based on their
experiences are shown in.Table I.

From Table I it is seen that in
case of 100 mm dia. stack the hy-
draulic load recommended is consis-

itten discussion on this paper will be received until 31st October 1969.
entral Building Research Institute, Roorkee (U.P.).
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DRAINAGE STACKS

TABLE I
Diamcler of stack Number of Appliances
groups of in. each
appliances group
in each
flocr
100 mm 1 Sink, basin
2 bath, & W. C.
125 mm 1 Basin, bath 3
Z and W. C. }
150 mm | g
2 ~-do—

t‘g’ﬁt and hence where there are two
groups of appliances on each floor
the height of the stack allowed 1is

only/that of the stack with ‘'one group -

in- each floor; But in cases of 125
mm- and' 150 'mm - dia. stack the con-
sistancy: in the recommendations . of
hydraulic loads is not there, as these
recommendations: only show the po-

sitions’ to which the single stack has:

been- successfully tried in field.
ThHerefore these recommendations

lack: theoretical’ and rational sup-

port: |3l

Even in India the past works car-
ried out.at:'Central Building Resear-
ch Institute were in the same lines
put: fér- Indian  practices. These
works: showed  that' the single stack
system- could be- employed in build-
ings: upto four stoveys high. But for
employment of. this system in taller
building in.India there is some sort
of diffidence. The trial and error
method -ig- time-consuming and cost-
ly. The data given: in Table I,
though very valuable, give very little

‘that as the water flows down

help for design of sinzle stack
tem in different conditions, for
sons already mentioned. Ther
there is a greater need for basie
on the relationship of the hyd
load and the diameter of the stack,

The earlier investigations can
out in U.S.A. in the past has s

stack it soon attains a termina
city in a short height of the .
At terminal velocity the acc
tion due to gravity and retarda
due to dynamic friction wil
cqual and opposite. The followin
equation for terminal velocity
been derived and verified in the
vestigation ‘

vV =30 (Q/D) 2/%

Where
Vg —Terminal Velocity
Q —Flow in gpm (U
gallans)
D' —Diameter of stac
inches



ready stated that the va-
¢ caused by the water flow-
on the stack. IHence vacuum
od also can be expressed as
ction of Vg ie. function of
With this objective a project
s taken up at CBRI recently to
tigate the inter relationship of
developed, the flow rate and
meter of the stack.

of Test Set-up -

mock-up  construction with
id and four floors is fitted with
nsparent stack of 100 mm dia-
The stack is provided with
unctions at each floor level.
discharging appliances such as
\wash basin and sink are loca-
the fourth floor platform. At

« seal trap of Indian type W.C.
ated on either side of the stack.
anch connecting pipes are of
diameter and of 0.5 meter
The junctions at all the
s were of Asbestos Cement. The
ctlon between the junction and
ransparent stack of PVC were
y Galvanized Iron Couplers
centimeters above and below
ctions 2 mm dia holes were
or pneumatic pressure obser-
Similar test holes were
t the mid points of each floor

All these holes are normal-
ept closed excepting the con-
d one during observations.

aulic loads and observations

10 produce various load effects
appliances ' were discharged in-
ndently or in combination. The
ge rate curves of all the ap-
s were plotted earlier itself.

BALKRISHNA-RAO'ET AL

The peak rate of flow was also noted

for these appliances. as given-in
Table II—A

. 'WABLE II—A
Type of ‘Peakrate:of (Number of

appliance flow through: appliances
; each appli~-  connected to
ances stack at
Jourth floor
W. C. bowl 112 1/min 3
Sink 65 1/min 1
Wash basin 30 1/min 1

e lower floors one W.C. or

T'rom the various combinations of
discharges of these :appliances the
follov:ing loads (io the nearest five)
were produced on the stack.

110 1/min
140 1/min
175 1/min
225 1/min
250 1/min
290 1/min
340 1/min

Each load was repeated until the
maximum negative pressure (va-
cuum) developed was recorded “at
all the test observation holes along
the height of the stack. “The maxi-
mum of ‘three observations ‘was
taken as the reading at-each point.
Thus for each “hydraulic load “the
maximum pressure diagrams of the
stack were plotted for each load.
Figure 1 shows a typical —pressure

o0 po

- o >

~digram of 'the:stack.

Analysis of Pressure Digrams

The study of pressure digrams -of
the stack for various hydraulic loads

ENVIRONMENTAL HEALTH, VOL, 11, No, §



DRAINAGE STACKS
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® -110 L/min STEADY FLOW

® - 110 L/min FIXTURE DISCHARGE
Fig. 1

reveals that in all cases the peak
negative pressure occurs somewhere
just on floor (3 meters) below the
point of inlet of discharge load. A
considerably high negative pressure
also develops just below the point
-of inlet. The negative head gradual-
ly decreases from the point of inlet,
but suddenly increases to peak nega-
tive head at the end of about 3
meters drop, forming a ﬁnk as
shown in Fig. 1.

This type of behaviour is seen only
with fixture discharge loads. In case
of steady flow loads (by continuous
pumping -of water) the. peak nega-
tive pressure develops just below

the point of inlet. This diffa,
behaviour undei steady fjo,
under {fixture discharge congj
can be explained for the reasop
in case of fixture dischargeg i :
little fall before reaching st"
flow stage. In the initia]
when the water enters  the
from the branch the velocity yapig
increases to terminal velocity,
flow condition is also turbulent
it enters the stack, occupying gl
the entire cross sections of the g
The flow condition rapidly Chéﬁﬁ
to steady flow in the form of
anular ring, by the time it pa
down by one floor height. In tha
initial stages when the flow changas
from turbulent to anular ring fhe
release of air to the central core
ghtly reduces the negative pre
But as soon as the terminal ve
is reached and the flow be
steady the water flowing
exerts a drag force on the centr
core and drags it down; caus
sudden increase in the negative
sure to its peak wvalue. Therefor
the fixture discharge loads in
stack produce three zones of tui
lent, transition and steady fl
(Fig. 1). But in cases of ste
(continuous) flow loads the ear.
zones of turbulet and tiransition
absent '

g,

In both the cases from the P‘)

dily increases to a positive press!
at the foot of the stack. The ex
of positive pressure developed
pends on the radiug of the bend



t of the stack and on the num-
bends and length of the hori-

shown that large radius bends
ut 3 times the diameter) or 2
r of 135° bends are adequate

he limit of 40 mm (1.5 inches) of

er gauge. Therefore in the pre-
investigations attention has
given to only peak negative

.

elationship of Peak - negative
iire, flow, and diameter :

single stack system. the peak
ive pressure, which is most eri
should be kept within the

It is already said that the
icaI position occurs where the
ter just starts flowing down in
orm of steady anular ring at
ninal velocity., Hence it can be
| that the peak negative pressure
reloped is a function of terminal

. de. h=n (Vy) )

h=peak negative pressure

._ VT_rJ(Q/D) from
equation (1)

h=¢(Q/D) )

The above expression (3) is in
fonfirmation of the known facts
t for a given stack as the flow
fiCleases the peak negative pres-
m1 developed increases and also
t for a given flow the peak nega-
' pressure reduced as the diame-
of the stack employed increases,
to the availability of larger anu-
‘ ting (v D).
(8) in the form of a 1egular

eep the positive pressure within

To put the expres- .

BALKRISHNA RAO ET AL

equation, one more fact has to con-
sidered that when the flow is absent
the negative pressure developed is
also zero. Therefore the following
equation (4) can be used for expres-
sing the inter relationship of peak
negative pressure, flow and diameter
of the stack.

h=C (Q/D)"

The values of peak negative pres-
sures observed for various hydraulic
fixture discharge loads are given in
the Table II—B

TABLE II—B

Diameter Hydraulic Q/D Peak nega-

of stack load Q tive pressure

(D in dnches) (1/min) h (in cms)

G :

100 110 i1 1,6
100 140 DA 2.14
100 175 1.75 2.80
100 225 2.25 3.6
100 255 2.55 4.1
100 290 2.90 4.8
100 340 3.40 8.0
From the above table wvalues of

Q/D and ‘h’ are plotted as shown in
Fig. 2. This figure also clearly/that
h is a power function of (Q/D) con-
firming the equation (4).

An attempt was made to statis-
tically fit the equation (4) for the
data in Table II and the final ex-
pression is given below."

h=133 (Q/D) 1-8¢ (5)

The following Table III shows the
validity of the above equation (5),
which is fairly good.

L ENVIRONMENTAL HEALTH, VOL 11, No, 3
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:DRAINAGE '‘STACKS

“PABLE oI

@Dbserved «Observed Calculated ‘I’

QfD th ¢in“ems) ifrom eguation

: «(B) in cms.
1.1 1.6 1,51
14 2.4 2:09
11475 2:80 2.81
2.25 3.60 3.97
2:6p 4.10 ‘4.66
2190 480 5.54
3.40 8.00 76.85

Recommendations “for “Limiting
Capacities .of Single Stack

For any predetermined permissi-
ble limit of negative pressure, a cor-
responding permissible @/D value
can-be taken.from the'Fig, 2. Con-
sidering a :negative :pressure :of

(% LIMITING

CAPACITIES OF 'SINGLE STACKS

40 mm :(117) of water
permissible @/D wvalue s 2.5 g
Fig..2. Therefore in any single gt.
system 'the hydraulic fixture i
c¢harge load in litres/minute ghy
not vexceed 2.6 times the diam,
of 'tlie stack in mm. Howeve
these cases it is'essential that
floor +traps and ‘W.C. traps conn
ted to ithe -stack :should have g
nimum ' of 50 mm deep water g
For interpreting these results in
form of permissible height of
stack ‘expressed in number of
reys, the National Bureau of §
dards of U:S/A. ~and Bulldmg R
search :Station of U. K. giva: ‘certa
guide ‘lines.

1

Both recommendations are basec
on the principle of assigning cer.
tain weightage for various applian:
ces depending upon their frequeng
of use and rate of discharge. Ho

~24

g’éz-
g

X —CBRI- — " —

O --NBS ~ OBSERVATIONS (‘CONTINUOUS STEADY FLOW) - 7% m.m. dlo STACK
{ FIXTURE DISCHARGES } -

'Y = S5WISS- — 0 —— ( ——dg——=do— } = QO mm dig. STACK

100 m m.dlo. STACK

0 i o] <o

25 -3 4

':Of/d.(

peak tlow In litres/minute )
‘diamieter of stackin'm m.

Fig. 2




- these recommendations vary
; their weightage numbers of ap-

red. The Table IV shows the
niting capacities of stacks expres-
] terms of permissible number

TABLE 1V

Permissible number
of storeys

Recommen-Recommen-
dation A dation B

Permissible
flow Q@ in
1/min

250 9 11
315 15 20
375 23 29

n the above table the recommen-
ion A is based on the NBS guide
for converting flow into equip-
number of groups of appliances
h one group at each floor. A
ngle group consisting of a water
et (flush-valve operated) a bath
‘or shower stall, a wash basin
a domestic sink, The recom-
ndation B is based on the BRS
de lines for converting flow into

EFALKRISHNA RAO ET AL

number of storeys, assuming that at
each storey there is a group of ap-
pliances of 3 gallon W.C. bath, basin
and sink. ‘These interpretations
have to be taken with considerable
reservations for use in India, as the
frequency of use of appliances con-
sidered by them may not suit our
conditions. However until further
extensive surveys are carried out .
and the data on frequency of use
are established the recommendation
A, which is more conservative can
be used. In recommendation A it
is assumed that a W.C. is flushed
once in every five minutes, whereas
in B it is once in 19 minutes, Ano-
ther built in safety of this principle,
common to both recommendations,
is the assumption that the peak use
of all types of appliances occur
simultaneously, whereas in practice
there weuld be considerable diffe-
rences of time between the peak
use of W.Cs baths, sinks ete.
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