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5 Calculation procedure

5.1 Volume flow calculation

DIN 1986-2 must be observed. For the dimensioning
of'a roof drainage system with siphon action, the vol-
ume flow (¥, in ¢/s) which is fed into the drainage
system when the reference rainfall rate (r4,, in £/s
per ha) occurs is decisive. The proportion of rainfall
which actually runs oft depends on the shape and sur-
face properties of the surface on which it falls and the
flow conditions as far as the roof runoff which result
from these. The relationship between the current
rainfall and the drainage is represented by y The
interrelationship described above is shown in equa-
tion (1):

, 1

Ve =rm VA4 15560 )

where:

Frmy reference rainfall rate in #/s per ha (see
DIN 1986-2)

v coefficient of drainage (see DIN 1986-2)

A the surface area in m? on which rain will fall as

projected in the ground plan

The coefficients of drainage for roof surfaces are to
be taken from Table 16 in DIN 1986-2. For planted
roof areas, the further differentiated drainage coeffi-
cients from the "Guidelines for planted roofs* (FLL



(2020) 2 PHN 1205 >N HOORIWN IPNY 2700 PN PO NVPY

1995) can be used in accordance with the footnote in
DIN 1986-2 Table 16:
* onroofs with a pitch of < 5 %:

where thickness of built-up section

is> 50 cm y=0.1

where thickness of built-up section

is 25-50 cm =0.2

where thickness of built-up area @

is 10-25 cm =03

where thickness of built-up ar

is <10 cm =05
* on roofs with a steeper pi @

"é% w=0.7

with a raised surfac
regardless of thickne
5.2 Number of u
If the rainwaterYHainage/ V. of a roof surface or roof
segment is khown necessary number of runoffs

must be esta (H%ﬂ the next design stage.

py = = in pieces (2)

y Voa

where:

minimum number of roof runoffs; rounded to a
whole piece number

rainwater drainage of a roof surface or roof
segment in £/s, equation (1)

Vba drainage capacity of a roof runoff in the plan-
ning stage in #/s

The drainage capacity of a roof runoff must not be se-
lected as greater than V), .. from the testing proce-
dure for the relevant roof runoff.

When establishing the number of roof runoffs, the
following criteria must be taken into consideration in
parallel with calculation results from equation (2):

» distribution of roof surfaces as determined by con-
struction constraints, e.g. through roof structures,
fire walls etc.

« every trough created in construction of the roof
must be allocated at least one runoff

+ the distance between the runoffs in a shared drain-
age axis must not exceed 20 metres.

5.3 Calculation principles

The basis for the hydraulic calculation of roof drain-
age with a siphon system is Bernoulli’s equation for a
steady flow of an incompressible fluid with constant
density. This state of flow is only achieved in siphon
drainage systems if the pipeline system is operated
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completely full without any air input. The state of
flow for which the design is made arises only if the
reference rainfall rate is reached or exceeded.

drainage installations begin in eac
line above the roof runoff and gether in the
transition into the drainage sys, hich is operated
partially filled in or above thecbackflow level. A Ber-
noulli view between these &

3

Ahes Diffe%ce;]ﬁ evel between roof lining and
d pipeline
maginy ermitted difference in level
nce in level between roof lining and
‘of the collecting pipe
p demsity of the water at 10°C: 1000 kg/m’
g acceleration due to gravity 9.81 m/s*
Ap i loss of pressure in flow path

NN

Schacht mit offene urc i
Shaft with opefflaw i

Oberkante Fertigfu3boden
{ Upper edge of finished floor

Ahwerf, max

Ubergangsstrecke mit v< 2,5 m/s
Transition section with v < 2.5 m/s
Ruckstauebene

_ Backflow level _‘L‘, e

?ﬂ'l_ﬂ‘/ﬂ//ﬂlm}?fyl//bﬁj

|_|=————— Ubergang auf Teilfillung / Transition to partially filled system

(\/ Die Grundleitung muf3 gegen das Auseinandergleiten und Ausweichen aus
S I der Achse gemaB DIN 1986-1, Abschnitte 4.3.2 und 6.1.12 gesichert werden.
; ’ The ground pipe must be protected against sliding apart and slipping out of
its axis in accordance with DIN 1986-1, Sections 4.3.2 and 6.1.12.

Fig. 4. Definitions in roof drainage installations with siphon
system
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5.3.1 Calculation target

Equation (3) is valid for every flow path. The dimen-
sioning of the pipelines must therefore aim to set the
pressure losses Ap = Z (/ * R+ Z) in each flow path so
that they match as closely as possible the available
pressure in each case Ap,q.; = Al p - g If this tar-
get is not reached, the volume flows of t ation

in question cannot or can only ap ly be
transported! All flow paths must bg calculdted. The
results of the calculation must ba_r d in table

form.

M - 2= 4 @B @)
(§]

The difference in level of lining and begin-
ning of the transition sec to be used as available
difference in lede] Figure 4). The maxi-
mum permittedsdi in level Al ¢ o0, between
roof lining dnd Kflow level can only be used if the
transition sectionisJaid below the backflow level.

5.3.2 Permitted variations in the calculation of
pressure loss
In thé/ planning stage, the variation A between
o' P-gand (! - R + Z) in the calculation of
ressire loss for a flow path can only amount to
mbar. Positive and negative variations across the
spective flow paths should in total more or less can-
el each other out.

ApResl = Ahverf ‘pPrg- E([ R+ Z) in mbar (5)
In the case of larger variations Apg.q (APremainder) the
resulting alteration in drainage capacity of the runoffs
Voaer Must be demonstrated by means of an itera-
tive computation in a computer program.

In the planning stage, the effective drainage capacity
of all the runoffs allocated to a roof surface or roof

| N/
Dachsegmenb‘@m 1 Dachsegment/Roof segment 2
O ) ) : .
O Vmivmeu Vou 1 Voren
A ¢ L L ¢ " i'”"
()
~=— Brandwand/Firewall
VDA VDA_e(f \."DA VDA,ET!
T X h¢ X 1 L ¢ Ny
I
Dachsegment/Roof segment 3 Dachsegment/Roof segment 4

Fig. 5. Definitions of "nominal drainage” and "actual drainage”
from a roof surface or roof segment
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segment L /p,, ¢ may not fall short of the nominal
drainage ¥, from equation (1), which is required with
the calculation.

When checking an implemented pressure drainage
installation, the actual drainage capacity_of the run-
offs T¥pa ¢ must amount to at le of the
nominal drainage V.

5.3.3 Calculation of pressur
Calculation of pressure lofs 10 be carried out

derived in the form
Ap=X(-R (6)

The pipe friction pre: rop R is defined as fol-

lows: @
/ P
R &”%— 5 (7N

The pip ion pressure drop A is obtained using
the Pr ebrook equation. In drainage technol-
ogy, the modalities for determining the calculated
boungdary conditions are regulated in the ATV work-
papéf A 110%).

v kinematic viscosity
%ﬁ: 13110 in m%s

When designing sewage ducts and pipes as a rule the

viscosity of pure water is put in as = 10 °C. Here the
normally higher temperature and the different com-
position of waste water compared with rainwater are
taken into consideration.

k,  operative roughness of a sewage pressure
pipe
ky= 0.25 mm
Following ATV workpaper A 110, the influences of

» wall roughness

+ site irregularities and modifications

* pipe joints

are taken into account in this flat-rate estimate for the
pipe roughness of pressure pipelines in drainage en-
gineering. This also specifically includes the effects
of pipeline operation on wall roughness compared
with the ratios for new value pipes. Besides this the
losses in pressure through distinctive isolated drag

%) ATV Abwassertechnische Vereinigung: sewage engineering associa-
tion ATV-Arbeitsblatt A 110 "Guidelines for the hydraulic dimension-
ing and performance record of sewage ducts and pipes* August 1988
edition
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factors such as curves or branches in the pipes, etc.,
must be determined.

2

z=3x0- 50 (8)
BT

Fig. 6. Isclated drag coefficients of

=0.6
Y4 Vy, {4=0,6
Fig. 7. Isol ag toefficients of branches (including {-value
of the reductid ctly connected to the branch in the pipe)

{-value of a single reduction 0.3

li|  Transitionto
‘ partially filled pipe

Fig. 8. Isolated drag coefficient in transition to partially filled pipe

As long as the {~value of the runoff is not available as
a manufacturer’s specification on the basis of a per-
formance measurement, an estimation of {= 1.5 can
be reckoned with.

5.3.4 Flow paths and legs

The pipeline system must be divided into flow paths
(definition see above). These flow paths must addi-
tionally be divided into legs, for which it must hold
that the volume flow and speed must not alter in
them. A new leg must be inserted at every branch
point and with every reduction. So that the static pres-
sure in the diversion of the flow from the collecting
pipe into the downpipe can be calculated, a new leg
should also be inserted at this point. Legs begin by
definition generally either with a roof runoff or with
the straight pipe, and end with an isolated drag factor
{explanations see Figure 9, Explanations for the
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i

AT T |

TS 1 TS
H Berechnungspunkt fir \_ Reduktion (Geschwindigkeitsanderung)
. den statischen Druck Reduction (change in speed)
Calculation point for
slatic pressure Abzweig (Volumenstroméanderung

Branch (change in volume flow))

&
u O %
Ubergangsteilstrecke N

TS

Transition section

Fig. 9. Explanations for the definition of the leg (TS)

%

efinition of the leg). Legs with a length > 10 m
uld if necessary be split into two single legs, to

%ppor’t adjustment calculations.

=~

Calculation of the pressure loss begins with the least
favourable flow path, with which all the other flow
paths must be compared. The least favourable flow
path and the calculation sequence are found using the
available pressure pipe friction pressure drop R,

Ap.,
R,o= —2" in mbar/m (9)

verf 12- lgcs
lyes total length of flow path
The factor 1.2 takes into consideration the proportion
of isolated drag losses with 20 % of £ - R.

The volume flow ¥, and available pipe friction pres-
sure drop R, determine the diameter in the leg in
question. In the first leg of a flow path, therefore near
the roof runoff, the R, ; value should not be reached,
and near the downpipe it should be exceeded. This set
target makes a hydraulic adjustment of favourable
flow paths with relatively large pipe cross-sections
possible on the one hand and on the other the initial
behaviour of the siphon system is improved. A reduc-
tion of the pipelines in the direction of flow for
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hydraulic reasons is permitted, but as a rule should be
adopted only in downpipes or vertical pipes. An
enlargement of the diameter over the course of the
downpipe generally leads to a breakdown in the
siphon system and for that reason should definitely be
avoided! When determining the diameter for siphon
drainage systems the smallest permi re is
DN 40 (minimum internal diamet

ensure the self-cleaning capacity 3, pipe system
the minimum flow velocity inpipes of

v=0.7 m/s should be taken ipto consideration (see
also DIN 1986). é@)

5.3.5 Inspection of é@ssure

The common | ) lecting pipes in a siphon

drainage sygen@eﬁ?rl under the roof structure, re-
sults in large S e siphon drainage system be-
ing put und %fh pressure. The physical limit for

sure that can be achieved in a pipe
apour pressure of water. If the hydrau-
lic calculation gives a smaller value p, < pynour pressures
the danger arises in this section of pipeline that the
flow Breaks down through cavitation and the targeted

igh capacity of the siphon drainage system cannot
be ieved. Internal pressure test are necessary in

@e tion, so that the permitted pressure limits for the

quence of pipes being used can be observed. Mini-
nal values for the internal pressure are to be antici-
pated in the diversion area from the laid pipe into the
downpipe. In the process of calculating the pressure
loss, a calculation of the internal pressure to be antic-
ipated there should be carried out for every end point
of a leg — equation (10).

_ v p
py=40h, - p-g- -Z(-R+2) . (10)

2

A\/ @ beliebiger Berechnungspunkt ,x* fir den statischen Druck

Random calculation point "x* for static pressure
E(I-R+2) 4

Fig. 10. References in siphon drainage installations

10
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In the hydraulic calculations, the numerical value
for the vacuum pressure must not be less than
P, ==900 mbar. The upper and lower operating pres-
sure p, limits given by the manufacturer of the pipe
system must preferably be taken into account.

5.3.6 Start-up requirement @

Where there is a small differe inYevel between the

roof lining and the collect ipe Ah, there is the
risk that no pressure can ‘@ in the downpipe.
Where differences i e% < 100 cm (Figure 4)
equation (11) must belused to check whether the
siphon drainage systre to start up when there

is the permitt ot water through the runoff.
0 W)

VA >% A,min (1 1)
V. Ay (12)
' Ahverf

Vy y the initial volume flow that can be achieved
in the drainage installation in #/s
\\I{Vﬁn volume flow in #/s, with which the downpipe
hammers into leg sections (Figure 11)
)\Ayh A difference in level between the still water
height above the runoff and the middle of the
collecting pipe (Figure 4)

100.0

50.0

O @

3 AL _
"; '/\ ",r/ ”_/_‘_‘.—‘
I I P
o= R A
= O -

E_s 10.0-© ;
2k =
2‘3 = / e
S 5Qh —

: —
g R\ﬂ)/ 7
= Wﬂ*

1.0

50 70 100 120 150 200

Nennweite DN/Bore DN

Fig. 11. Minimum volume flow Vj ., that must be fed into a
downpipe in order that a siphon effect can develop {downpipe
length > 4.00 m)

11
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