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e Tall buildings are using 215t century cutting edge research and
design tools, for the buildings architecture, structural design
and buildings services

« The one building service that is still way behind the other
disciplines, being the above ground drainage system.

 Itis fundamentally based on late 19" and early 20t
century calculations and practises, used in many
national building codes today.



 Research and product innovations have only been
developed in the late 20t and early 215t century that
meet the demands of modern high-rise buildings in
above ground drainage.

e . The conservative nature of the discipline and the
reliance on national codes as being fit for purpose,
sometimes leads to the engineers to disregards the
findings of the research and the use of innovative
products that will ensure that the drainage system will
function correctly.



 Building drainage systems must:

* remove waste from the habitable space via the
sanitary appliance

» retain a physical protection between the drainage
pipework and the habitable space
Often, the focus is on removing water/waste products

Trap vulnerabillity: self-siphonage, induced siphonage,
evaporation, wind shear or other external factor

Airflow in a building drainage system is 8-15 times that of
the water flow

The movement of this air generates a pressure regime
that can jeopardise the trap seal



Siphons

Why do we use siphons?

The drainage system is one of the few building
systems that is integrated throughout the
building.

Water trap seals are commonly used to

provide a barrier between the drainage

system and the living space.

What mostly affects water trap seals?
* Pressure fluctuations: self siphonage,
Induced siphonage, positive pressure
and wind effect;

 Thermal depletion.



Pressure fluctuations

Positive pressure: air bubbles start

Siphonage: starts to occur when the
to go through when the pressure at

pressure at that point in the system

exceeds -40mmW(g (-400Pa) that point in the system exceeds -
40mmWg (+400Pa)




Solution: criteria

The solution is to balance the pressure in the drainage

system.
How? bringing enough air
When? as quickly as possible

Where? at the point of need



Steady-state vs transient pressures

Design guidance based on steady state responses and empirical data

Generally indicative — but this doesn’t yield a full picture of system
performance

Every system is dynamic — usage patterns, supply/discharge
characteristics, attenuation

Dynamic fluid systems introduce transients — defined by
‘instantaneous’ changes

Pressure changes are then ‘communicated’ through the system

The more complex the system, the higher the potential risk



Pressure transients

Many code and guidelines are based on the ‘steady state’ model

However, any change in the system operating condition must be
accompanied by the propagation of air pressure transients

Propagated pressure waves communicate, to the rest of the
network, the change in conditions due to variations in water or
entrained airflow

While the amplitude of the transients, measured in mm - water
gauge, are small, they can effect trap seals, especially those of
o20mm

The study of these phenomena belong in the same family of
conditions as waterhammer and pressure surge



The development of active drainage ventilation has always been
focused on high-rise drainage systems and has been developed
from a research basis into a commercialised system.

Active Drainage Ventilation, the combination of AAV’s and the
P.A.P.A™ working together to help balance the positive and
negative transients generated in the drainage system from reaching
levels that breach or siphon water trap seals (-+400Pa.).

The use of simulation/modelling has been essential to the
development of the active drainage ventilation solution and by using
AIRNET developed by Heriot Watt University.



Applied annular WATER downflows entrain an associated
AIRFLOW

AIRFLOW Iinteracts with SYSTEM properties to generate
PRESSURE regime

Changes in WATER downflow or SYSTEM SURCHARGE initiate
changes in AIRFLOW

Changes in AIRFLOW can only be communicated by propagation
of PRESSURE TRANSIENTS

Severity of transient depends on RATE OF CHANGE OF
AIRFLOW.




e System response - terminology

Drainage network is inherently unsteady
Steady-state responses are indicative, but do not yield a full picture

Transients arise from ‘instantaneous’ change (less than one pipe period)
and can jeopardise trap seal integrity

Numerical model used to predict pressure and trap seal retention

Ventilation point is crucial. So far, ventilation solutions considered have
been ‘passive’......\What about active venting........ ?

AIRNET can be used to: design; predict response; undertake forensic
analysis of; test devices for....drainage ventilation systems

Collaboration with industry, and development of the PAPA™



Active air pressure transient control

50-storey comparison of venting options
under positive and negative pressures using
AIRNET carried out under funding by Studor

Trap response to pressure fluctuations
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Active Venting — IS It a solution?

The research from Heriot-Watt provides sufficient data for multiple-flush

situations where Active Venting provides superior protection to the
system due to local intervention of transients at the point of need

Trap response to pressure fluctuations

Trap response to pressure fluctuations
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Active Venting has also been utilized to solve existing problems in
conventional systems by placing AAVs and P.A.P.A. in areas where the
system is exceeding +-400Pa



Academicals research &
comparisons



 The new building demands in London UK, with over 230 high-rise
buildings being constructed over the next 5 years ranging from 20
floors up to 80 floors or more, and with floor space costing $472-
$4720 USD ft2.

* Major building firms are looking at new solutions to maximise
sellable space within these buildings.

 One of the largest builders in the UK, UAE and Australia have a
project called Principle Place a 50 floor project in London

 They requested that active drainage ventilation be physically
proven to them outside of the research.



* In China, Studor has been working with local partners for a number
of years in developing products standards for AAV’s which was
achieved back in 2004

 The Active Drainage Systems for code approval is being sought for
In China. EXisting data and research has been supplied but it is still
a requirement for the code official to have testing within China
before approval can be given.

Given the request from major builders and code officials for physical
proof that supports the large amount of existing research. Active
Drainage Ventilation has been tested on two of the largest test towers



TESTING AIMS

 To compare traditional pipe vented systems designed to national
codes to the active drainage ventilation solutions.

 To subject the drainage systems to extreme loadings and usage and
Introducing waste into the system that a normal high-rise may be
subjected too in every day usage. Keeping to the principle of
unsteady state discharges verses steady state discharging as this is
the reality of the system in a real building.

« To focus on the trap seal retention during and after discharging into
the system, as this is the main goal of drainage ventilation to ensure
that the barrier is maintained.

* Focus on dynamic discharges by using WC as the principle
discharge route into the system.



CHINESE EXPERIMENTAL TEST TOWER

 The testing on this tower has been undertaken by contract between
Studor and the China Architecture Design and Research Group
CNERC for Human settlement.

 The Chinese experimental test tower in Dongguan, Guangdong,
Province operated by the China National Engineering Research
Centre for Human Settlements- Vanke Building Research




Water trap seals have been installed
throughout the floors, AAV’s and
PAPA™ have been installed with gate
valves, so that they can be switched Iin
and switched out as required through
the testing phases



RRAGNMERE RS, BIUES

Traditional system, PAPA™, open vent

BUELRGEFERAEEERR TERAEFGIHEILEN

Single stack, Maxi-Vent™, Mini-vent™, PAPA™

BYELEARTFERNEEERGR FREXAEFERELENE

Single stack, Mini-Vent™, PAPA™ | Open Stack

BUELRARTFERNEREBRLER D EFERELIE]IE

Single stack, Mini-Vent™, PAPA™, Maxi-Vent, solid waste

BYELEARFERNEEERGR FREXA S FERELENE

Single stack, Mini-Vent™, PAPA™, Open Stack, solid waste

HEFRE:ERNMKXAppliance flow
test method

HEFRE:ERMKXAppliance flow
test method

BERE:RNiKXAppliance flow
test method

AFIEPDHEBCNE solid waste

simulation

AFPREEBE RN solid

waste simulation

3%set

mERRIAIL. 2.

4 sets

mERIAIL, 2,

4 sets




HesK it & .
i PR HEZK

discharge test set A

1 fn e

Toilet

paper

{4,
wet towel
paper

3T sanitary
towel

x

x Hlkwater
only

x

X X X X X X X X

X B4 hadd
sanitary towel

x HHEK water
only

x HHEK water
only

x HHEK water
only

4 solid waste tests

A [ s (15 18
%) solid, TBC




CHINESE EXPERIMENTAL TEST TOWER EXAMPLE, SINGLE
TEST RESULT

System Description

 The two Experimental test of the systems, are using DN110 single
stack pipe.

e Traditional signal stack system with open vent to atmosphere

« AAV'sinstalled on each branch, P.A.P.A. ™ installed every 3 floors,
Maxi-Vent™ installed at the top of the stack

TEST:
 Discharge (christen 6l) at 30-33F, each floor has 1 unit.

 Tests are carried out 2 and 4 units discharge at same time to
analyse pressure response.



Result:

Under same test configuration, the maximum negative pressure within
the Studor system had significantly smaller pressure than the
maximum negative value of the traditional single-riser system. In
particular with the 4 discharges without the AAV’s the system exceeded
-1100Pa and loss of the water trap seal. With the AAV’s the system
only went -310Pa and fell within national code limits of -400Pa. In the
two discharge test the traditional system exceeded -400Pa with partial
loss of the water trap seal but with the AAV’s engaged the system
pressure reached -150Pa and the trap seal was maintained.
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