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Abstract | A E

The drainage systems in tall buildings are being subjected to greater loadings. The effect

of negative and positive transients is, therefore, becoming a larger issue. The vents to the
atmosphere are further away, and the increased communication time for the pressure regime
within the pipe leads to the system pressure exceeding +-400Pa, with the loss of water trap seals.
National codes do not provide sufficient information to engineers, due to many of the codes
being based on steady state flows versus the real inherently unsteady state discharges that
occur. This paper presents findings of physical testing carried out on two testing towers located
in the UK and China. The testing subjects both systems to unsteady discharges to determine the
maximum loadings for both 100mm and 150mm sized pipe systems, with the key criteria being

that all the traps seals are maintained.

Keywords: Active Drainage Ventilation, Drainage Ventilation, National Codes, Unsteady

State Discharges, and Water Trap Seals
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Introduction

Tall buildings are using 21st century, cutting-
edge research and design tools in their
architecture, structural design, and buildings
services, but there is one service that is still way
behind the other disciplines. The above ground
drainage system remains fundamentally

based on late 19th and early 20th century
calc—ulations and practices used in many
national building codes today.

Research and product innovations have only
been developed in the late 20th and early 21st
century that meet the demands of modern
high-rise buildings in above ground drainage.
The conservative nature of the discipline and
the reliance on national codes as being fit

for purpose sometimes leads engineers to
disregard the research findings, and can inhibit
the use of innovative products that will ensure
that drainage systems will function correctly.

One of the key requirements of above ground
drainage is to protect the occupants of the
building from the drainage in the pipework,
which is achieved by water trap seals. These
seals can be lost when the system pressure
exceeds +- 400Pa.
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To protect the traps, traditional methodology
is to use a vent pipe network; in the academic
world, this is known as “passive venting!”
Modern research has found that the principles
of venting requirements for tall buildings
located within many national codes using
passive venting will fail for three main reasons
a) the vent pipe diameters are too small, b) in
tall buildings the transient communication
time is too long, and ¢) that the loading criteria
is based on steady state calculations.

To meet the demands of water trap seal
protection in tall buildings, Active Drainage
Ventilation has been developed that uses Air
Admittance Valves (AAV's) and Positive Air
Pressure Attenuators (PAPA™). The active system
negates the requirement for the vent pipes and
reduces the communication time and transient
pressure within the system, and that active
ventilation has been researched on the actual
unsteady state discharges of a drainage system.
Active ventilation has approvals in some codes
and the components of the system have
recognized product approvals.

« Australia: AS/NZS3500, AS/NZS4936,
ATS5200.463, ATS5200.483

+ Europe: EN12056-2, EN12380

-+ USA: ASSE1030, ASSE1049, ASSE1050,
ASSE1051

- Australian WaterMark: WM-20006,
WM-22085, WM-22122, WM-22193,
WM-22415

« European CE marking to: EN12380

+ European KEYMARK: 011-7B002,
011-7B003, 011-7B005, 011-7B008,
011-7B009, 011-7B010

- UK: BBA Technical Approval 89/2139,
15/5225

Active ventilation has been installed on
hundreds of towers around the world since it
came into the market in 2004: first in problem
solving existing buildings, and then as a
specified solution in new buildings. The full
system was installed at the Trump Ocean
Club - the tallest and largest building in

Latin America which overlooks the Pacific
from Panama City. The tower houses 650
residential units and bay lofts, 369 five-star
hotel rooms and suites, together with office
lofts and a state-of-the-art business center.
Arranged over 70 floors, the building is a total
of 284 meters in height. More recently, it was
installed in Abu Dhabi’s Nation Towers — a
world-class development comprising high-
rise, residential apartments and penthouses;
first class office spaces; the Nation Galleria (a
chic, boutique-style mall); and the deluxe St.
Regis Hotel. From a tapering podium base, the
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Figure 1. A 50-story building with 150mm wet stacks and a 100mm vent pipe network (Source: Studor)
E1. 502, 150mmEKE. 100mmBESE CKE BEHE)

Figure 2. Results of the trap seals when subjected to a discharge of 12.4l/s over a 35-second period (Source: Studor)

2. AKEEZIKR12.4l/s #3355 (KR BHE)

extend skywards. Tower 1 is made up of 64
stories and Tower 2 features 51 stories. Each
offering its own blend of luxurious facilities,
these and many other towers were approved
on the bases of the research and simulations
undertaken to prove active ventilation works.

Simulated Active Air Pressure Transient
Control using AIRNET

Research carried out by the drainage research
group of Heriot-Watt University, using AIRNET

for a 50-story building, produced some
surprising results (illustrated in Figures 1 and 2),
especially considering that the conventional
system analyzed is quite typical of high-rise
drainage designs.

Trap C has siphoned at eight seconds, at which
point the system has approximately 4.51/s. This
simulation has demonstrated that although

the drainage system design is fully vented with
a 100mm relief vent pipe and 100mm cross

vents with a 150mm wet stack, the trap seal at
the lowest point of the building is subjected to

negative transients that have depleted the trap.
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Figure 3. A 50-story building with 150mm wet stacks and a 100mm vent pipe network (Source: Studor)

B3 50/2, 150mmHEEKE, 100mmBSE

(R BHE)

Figure 4. Results of the trap seals when subjected to a discharge of6.5l/s over a 35 sec. period and a surcharge placed
downstream after a 30 sec. period with the load at that point of 3.5I/s (Source: Studor)

B4 HEok6.51/s, 35s, TFHEAKS5l/s, 30sf5. (CRR: &

Figures 3 and 4 show the results when the
same 50-story building is simulated by AIRNET
for positive transients with half a hydraulic
loading of 6.5/s. It can be seen by the
simulation results that trap C has depleted due
to positive transients. This indicates that the
100mm relief vent which is in the design — and
is commonly used - is insufficient in diameter
to divert the positive transient that is moving at
320m/s away from the trap seals in the system.

When the 50-story building is designed as an
active controlled system, it can be seen that
protection is provided throughout the system
(as illustrated in Figures 5 and 6). By using AAVs
and PAPA placed throughout the system, the
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Figure 5. Results of the trap seals when subjected to a discharge of 6.5I/s over a 35-second period, and
with a surcharge placed downstream after a 30-second period with a load, at that point, of 3.5I/s (Source: Studor)
E5. 50/8, 150mmiLE.6.5!/sAG ERRSESEEERE KR BEHMS)

Figure 6. Results of the trap seals when subjected to a discharge of 12.41/s over a 35-second period (Source: Studor)

6. KEAEZIKR124l/s #8355 (KR BEE)

simulation results provided by AIRNET show
the provision of the trap seals throughout the
system with protection from negative and
positive pressures. It is the act of using AAV's
and PAPA together that keeps the system
pressure below -110Pa, and thus, the trap seals
within the system are not subjected to the
harmful pressures of over +- 400Pa.

The involvement of research has demonstrated
two major factors: firstly, that high-rise buildings
designed conventionally can be affected by
negative and positive transients; and secondly,
that working with the industry, there is a safe

and practical solution to designing a high-rise
building drainage and vent system.

Test Towers

Finding suitable facilities of a certain height
that reflect the types of high-rise construction
occurring around the world is limited, in terms
of testing purposes. It is done either through
testing on buildings at the end of their life (as
Heriot Watt University undertook at the 17-floor
building in Dundee) or new construction (as
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the 34-floor high-rise tower by Otsuka (2010)),
or an existing building (on actual rather than
assumed flows on a Hong Kong housing tower
block by Wong and Mui (2009)). Fernandes and
Goncalves (2006) investigated the application
of AAV within the Brazilian national codes

on the student campus blocks, but in many
cases, the testing has been undertaken by the
university’s own research facilities. For example,
Otsuka (2012) on the high-rise simulation
tower of Kanto Gakuin University Cheng (2008),
the NTUST 13 experimental test tower, and

on the 108-meter URA experimental tower
mentioned in Sakaue (2014).

In 2012, at the symposium in Edinburgh,
CIBW062 was introduced to the Chinese
experimental test tower located in Dongguan,
Guangdong Province, and operated by the
China National Engineering Research Centre for
Human Settlements'Vanke Building Research
Centre (Figure 7).

In 2013 and 2014, two papers were submitted
to CIBWO062 focusing on the instantaneous
flows in drainage stacks by Z Zhang
(2013/2014) and L Zhang (2013/2014).1n 2015,
active drainage was also being tested on this
tower, with the aim to provide data to allow
Chinese drainage experts to assess the system
for Chinese building codes.

Within Europe, the tallest test tower was 10
floors, and in the UK, at the British Research
Establishment, a five-floor rig was used. Due

to the new building demands in London, with
over 230 high-rise buildings being constructed
over the next five years ranging anywhere from
20 floors up to 80 floors or more, and with floor
space costing USD$472 to 4720 / ft, major
building firms are looking for new solutions to
maximize sellable space within these buildings.

Active drainage ventilation has been submitted
to the major builders to provide them with an
alternative system to traditional pipe methods.
This will give them the space saving in the
ducts that they are seeking, as well as limiting
the roof penetrations of the stacks at the top of
the building which the architects do not want
to see on their designs. Alongside this, despite
the research and project references on why
active drainage ventilation should be used as
the best technical solution for taller buildings,
there has still been a resistance to move

away from the traditional vent pipe method
that is in the building code, and traditional
methodology, even through the systems are

at risk of failing due to the nature of the high-
rise designs.

In one discussion with the builders of Principle
Place - a 50-floor project in London — they
requested that active drainage ventilation

Figure 7. China Test Tower (Source: Studor)

E7. hEAE CROR: BEE)

be proven to them. The only solution was

to find a suitable facility in Europe to back
up the research. The tower that was used for
testing in Europe is the National Lift Tower in
Northampton (Figure 8). It is 128 meters tall,
with 14.6 meters at its base, and tapers to 8.5
meters at the top of the building.

Testing Aims

Due to the significant amount of existing
research that has already been published over
the years on negative and positive transients,
and on the PAPA™ and AAVs, testing has been
carried out to see if physical testing is in line
with the researched findings as in Chapter 2:

+ To compare traditional pipe
vented systems designed to national
codes with the active drainage
ventilation solutions;

« To subject the drainage systems to
extreme loadings and usage, and to
introduce waste into the system that
a normal high-rise may be subjected
to in everyday usage, keeping to the
principle of unsteady state discharges
verses steady state discharges, as
this is the reality of the systemin 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);

« To focus on dynamic discharges by
using WC as the principle discharge
route into the system.
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Figure 8. UK National Lift Tower (Source: Studor)
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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 test tower base setup is seen in Figure
9. Water trap seals have been installed

throughout the floors, and AAVs and PAPA™
have been installed with gate valves so that
they can be switched in and out as required
through the testing phases.

The testing procedure being undertaken
focuses on proving the active drainage
ventilation data to be submitted to the Chinese
drainage experts for discussion and approval of
the system into China building codes.

The test sets loaded the system to a high rate
of discharge at different zones to see how
the ventilation solution protects the water
traps seals under high loadings, as well as
introducing toilet paper, wet wipes, sanitary
towels, and solids to see the effect that they
would have on the system.

Chinese Experimental Test Tower Results

System Description

Two experimental tests of the systems are
using DN110 single stack pipe, a traditional
signal stack system with open vent to
atmosphere, AAVs installed on each branch,
PAPA™ installed every three floors, and Maxi-
Vent™ installed at the top of the stack.

Test: Discharged (christen 6l) at 30-33F, as each
floor has 1 unit. Tests were carried out with two
and four units discharge at the same time to
analyze the pressure response.

Result: Under the same test configuration,

the maximum negative pressure within the
active system was significantly smaller than
the maximum negative value of the traditional
single-riser system. In particular with the four
discharges done without the AAVs, the system
exceeded -1100Pa and included the loss of
the water trap seal. With the AAVs, the system
only went -310Pa and fell within national code
limits of -400Pa. In the two discharge tests, the
traditional system exceeded -400Pa with the
partial loss of the water trap seal; but, with the
AAVs engaged, the system pressure reached
-150Pa and the trap seal was maintained.

UK Experimental Test Tower

The 128-meter National Lift Test Tower proved
to be the ideal facility in which to test, as well
as demonstrate, drainage systems in operation
on a tall building. It provided ease of access
with minimal health safety requirements and,
due to the open floors, the whole system was
observable when testing was carried out.

The design of the system was based on
standard UK principles derived from BS EN
12056-2. Polypipe® Terrain supplied FUZE HDPE
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110mm stack and FUZE HDPE 56mm vent
pipes. The HDPE pipe is the preferred pipe
material for commercial high-rise projects in
the UK.

The drainage system tested was 84 meters,
with the lower four floors discharging into the
main sewer system with the office kitchen
(one sink) and bathrooms (two WC and one
basin) on floors one and two, which were not
monitored as part of the test.

The tested installation consisted of a stub stack
on floor test levels one to two, with one WC,
two 40mm P traps, and one 75mm bottle trap.
[t was connected to horizontal run 3.5 meters
downstream of the base of the main stack. The
horizontal run at the base of the main stack
was five meters before it turned via a 90 bend
into the original building drainage network,
picking up the office kitchen and bathrooms
on floors one and two.

Each test level floor was installed with a 5L WC,
two 40mm P traps, and one 75mm bottle trap.
These were installed on test level floors four,
six, 12,16, 19, 21, 25, 29, and 38, as shown in
Figure 10. Each of the test floors was installed
with an AAV that had a gate valve so that they
could be selected or isolated from the system.
Two PAPAs™ were installed serially at test level
two on the main stack. A single PAPA™ was
placed on test level floors seven, 11, 14, 20, 24,
and 30 with gate valves to isolate them from
the system. The 56mm vent pipe was Cross
connected at test level floors one, five, 10, 14,
20, 24, 30, and 39; these also had gate valves to
isolate from the system as required.

Each test level floor with a WC had a
manometer connected to the stack, and traps
were replenished when required before each
test. Video was used to monitor different
tests on various test levels and to record the
manometer readings and monitor the base
of the stack and trap seals. In the testing, the
Dyteqta® Pressure TEQ™ (a data and analysis
system using Sensor Technics CTEM7NO23G7
pressure transducer) was used to record the
pressure readings at test levels four and 16.

Clear pipe was installed at the base of the stack
and midway up the stack, allowing the flow

in the pipes to be monitored and recorded.

A number of the PAPAs™ were opened so

that the action could be observed when
discharging was taking place.

Testing of the system was carried out
comapring the active drainage ventilation with
the isolated vent pipe network. The tests were
repeated with the active drainage ventilation
isolated and the vent pipe network opened.

Figure 10. UK layout of test system (Source: Studor)
E10. REMhUELEN  CRR: BEE)
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Figure 11. UK testing result (Source: Studor)
B REMRER CRR: BEME)

UK Test Tower Testing

The testing consisted of single and multiple
flushes with a final surcharge into the three
types of systems — Active Venting, Vent Pipe,
and Hybrid — from the mid-way and top of the
stack. This was a mixture of clean water and
solids being flushed.

A number of flushes demonstrated the active
ventilation working with the Air Admittance
Valves and PAPA, connected to the single stack
drainage system as well as annular flow, a
solids drop rate, and the deceleration of solids
at the base and the hydraulic jump. The system
pressures at various locations throughout the
stack were recorded with four Hz pressure
transducers. The protection of the trap seals
from both positive and negative pressures

by air admittance valves and the PAPA was
witnessed, and worked without the loss of
trap seals.

This was physically witnessed at various
locations. Minimal trap movement was
observed in the WC and P traps, and the
pressure was monitored by the installed
manometers. High load testing of active
ventilation, the traditional vented design, and
hybrid systems was undertaken, and the test
consisted of flushing from the mid-way point
and top of the stack with 24 liters from each
location within 15 seconds. This activated the
discharge giving an estimated discharge rate of
3.2 L/S, witnessed as a surcharge to the system
at the base. The results can be seen in Figure

11, with the conclusion of the tests in Figure 12.

[tis to be noted that the base pressure readings
are taken on the wet stack at the entry point
before the PAPA, and any positive pressure will
be reduced on attenuation. In previous tests,
the results have shown the same readings and
conclusions which are available upon request.

Active ventilation works to balance the
system in harmony with the demands of the
flows active within the drainage network.
Despite high positive readings, the closest
PAPA will only be 7.5m away at 320m/s of
positive pressure speed, and the reaction time
would be within 0.02 of a second. It is this
response time that keeps the system within
safe pressure limits.

Vented system pressures were recorded after
the first vent stack connection. This shows that
a greater amount of pressure has bypassed the
vent stack, and is free to travel up the wet stack
and put trap seals at risk.

The hybrid System fails at the base and
midpoint due to positive pressures.

Discussion and Conclusion

There is sufficient research already generated
to design an international high-rise building
code, but the industry is sometimes unwilling
to accept the research, change their beliefs,
and ensure that the national codes they follow
meet the demands of tall, complex designs
being built all over the world. The active system
has been approved in Australian code, under
the AS 3500; but, this is a general plumbing

AURER, MBEF S TET
RRE. NEFRHEEFHIRS.

L EMRONGUE EARIRTR, ERFIS
MASEEERIINY ——ERRPERE
M—EXEUL—TNEHKE, FELE
LIEnEE =8,

PINFERFBENZE, NSEEAMMR
TTHSEMEHAOBX AR ESH S E W
REEM=E, X—SEB8H—BIEE, &
ICEMREEN, RN AT
KRN, SERRRIDIRARIAES], Sh2t
FREMELZR TEMEBNAZHINT £
RRSEER, EBeieHsnn HRIEA,

FTIESRIBPIR, A ME=TECTBUH

K& LEAPPTIHRARTXERSE, B
— AR TIRFHEENENSA . HIM
HALEMN T BEIFA BRSANANEANS S/
TlldrgE, UR—EMEMZEE (F2E
RNAT EZSHAREIERE (2011

) MFITRILELREZRIE (2013) ) o #ilk
SR, BREET—RRBRRNE .

AT HETUATERNE RIFHE—PR
BR—— XU R BRI RRZ HRAH
73, BBEULMERS BRI AHK
ARG IFRE, URAESE LH TR
R,

System | &%t Pressures | S[%(pa)
Base of Wet stack Mid way point bVent stack at Trap seal | ZKEt
T Wetstack| 17grhgs | base | MENES
VA==
Active Venting +936Pa +510.7Pa 0 Pass
FHRGRUE -152.6Pa -131Pa 0
Vented | £4; +632.5Pa +486.7Pa +239Pa Fail / At Risk
B -66.7 Pa -329.3Pa -301Pa
Hybrid | 508 +12203.5Pa +856.6Pa +136Pa Fail
SBRE -66.2Pa -192.7Pa -445Pa

Figure 12. Conclusion of Tests Table (Source: Studor)
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code for low and high-rise buildings. The
system can be installed as an engineered
solution and has been specified in over 102
projects being developed in the UK in the
coming years. The issue is that the system puts
the requirements on the engineers to approve
the system, and this in many cases contradicts
the established plumbing codes that they
have to follow.

In China, they have recognized this, and in
partnership with the industry, they have
established testing facilities to prove that
their products or systems meet the demand
for China and their people. This is sometimes
lost in other regions where it can take years to
gain product approval, or sometimes decades
to change an existing code. The testing of
active drainage ventilation has followed the
expected outcomes of the research that have
already been published in the past, and the
performance of active ventilation using AAVs
and PAPA™ performs better than required by
the guidance in the existing national codes for
taller projects.

Within Europe, the need to have a tall testing
facility is the same as China, and yet there is

no third party testing institute able or willing

to operate such a project. The need for the

test tower has come from a commercial
requirement and the need for industry to
physically witness the system in operation, so
in some cases they can accept the research and
testing that has already been done.

The test tower in the UK was completed in
May 2015 and, to date, over 250 public health
engineers have come to witness the testing
and even partake in the tests themselves.
Many have commented that they have never
seen a hydraulic jump at the base or what
happens when there is a surcharge at the base
of the stack, so this can be used as a practical
tool to help educate drainage system designers
and installers who are sometimes unaware

of the amount of valuable research out there
that can help them improve what they do for
their clients.
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