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1. Backgrounds and objectives



Backgrounds and Objectives (1)

® A simple test method of airtightness that uses buoyancy caused by

stack effect in a high-rise building was developed in 1980s in Japan.

When doors are opened near the ground floor or the rooftop, it is the
same as pressurizing or depressurizing the building with a blower.

The amount of airflow in and out of an open door or window at this time
corresponds to the amount of air supplied and exhausted by the blower.

Based on these results, the equations for the inflow and outflow
volumes at the exterior wall can be formulated to estimate the
airtightness of the exterior walls.

Through the activities of Technical Committee of AlJ, we calculated the
amount of air leakage at the exterior walls of 3 model buildings (low-
rise, middle-rise, and high-rise buildings) and developed equations that
can manually calculate air infiltration rates.



Backgrounds and Objectives (2)

® \We also developed a method to measure the airtightness of the
exterior walls on a reference floor using individual air-conditioning
systems for each floor, which began to be widely used in 2000s.

® This method is introduced and measurement results are discussed
In this presentation.

® We also report measurement results for outdoor air volumes
entering through entrance doors and resulting heating loads in a
high-rise building in winter, considering large impacts of stack effect.



2. Simple test method of airtightness using buoyancy
caused by the stack effect in a high-rise building



Test Method of Airtightness using Buoyancy by Stack Effect
Developed new method to measure wall airtightness using stack effect

® Generate 3 equations for 3 conditions by changing the opening status
of doors/windows on top and ground floors.

® Airtightness of exterior walls on top floor (aAg), standard floors (aAy),
and ground floor (aAg) are calculated by solving the 3 equations.
Here, aA stands for “equivalent opening area (cm4/m?)”.

O A|rt|ghtness of exterior walls for 3 buildings were measured
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Since the values in the root mark, denoted by Ko, K, and K, can be obtained as measurement
results, and @, = @, can be assumed, the above-mentioned equations will be
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Outline of Building A
® Middle-rise Office building of 9 floors with RC structure.
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Measurement Results for Building A
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TABLE 1—Process of calculating coefficient K of Eq 4.

Process of Calculating Airtightness of Building A

* ]
Floor No.| Height = | 4P 22 7*33 Sign(Ap) Y2gylap| 2
(m) {kg/m"} {kg/m
*5
R 31.6 (0.56) 3.662
9 28,2 0.32 y 11,222 2.771
8 24.8 0.05 1,097
7 21.4 (~0,14) -1,884
6 18-0 ""0.33 -2.891
5 14.6 ~0.53 1,293 ~3.667
4 11.2 ~0,88 -4.725
3 7.8 ~1.03 -5,113
. 4.4 {(=1.32) ~5,788
1 1.0 “"1 06 -60368

*1 Height from the ground level to 1 m above the floor
*2 External wall pressure difference (inside vs. outside)

When AP>0: Indoor air (15,7°C)

*3 specific welght of air
' When AP<(O: Outaide air (0.1°C)

*4 sign (AP) =« ( 1, AP>0)

(=1, Ap<0)
*5 Figure in parentheses shows estimated value and others are meagured values.

10



Outline of Building B

® High-rise office building of 17 floors with steel structure and
precast concrete curtain walls.
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Outline of Building C

® Super-high-rise office building of 55 floors with steel structure
and metal curtain walls. ——
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Measurement Results for Building C
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Measurement Results for Airtightness of Exterior Walls

® Based on the measurements, airtightness of exterior walls are

summarized as below.

Measured Airtightness of Exterior Walls

Building type

Equivalent Opening

Area
8 Floors, RC Structure, Tight
Aluminum Sash, Sliding Window 0. Scdd / of
RC Structure, 9 Floors, Tight
Steel Sash, Fixed Window 0. 8cf /' of
Steel Structure, 55 Floors, A
Metal Curtain Wall, Fixed Window | Sed /ot verage
Steel Structure, 17 Floors, Precast Loose

Concrete, Steel Sash, Fixed Window

2. §ctl /'nd
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Categories of Airtightness of Exterior Walls

® Based on the measurements, airtightness of exterior walls are
categorized as below.

Categories of Airtightness of Exterior Walls

Cast-in-place RC v e Tight  Average .
Metal Curtain Wall sev sve vee Ayerage  Loose
Precast Concrete Curtain Wall v Loose

Tight: Around 0.5 cm,/m, or smaller
Average: Around 1.0 cm,/m,
Loose: Around 2.0 cm,/m, or larger
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3. Guideline for amount of air leakage at exterior walls
made by Architectural Institute of Japan (AlJ)



Plans for Model Buildings A, B and C

Calculated amount of air leakage at exterior walls for 3 model buildings

i- 24m v
I
I n
— £
= N
Cry =
l |
- |
A 3
Standard floor Entrance floor

Building A (Low-rise building)

.[!

35m.

Building B (Middle-rise building)

Standard floor

45m

11—
— B @ BF—L] ¢ [F— g Be BF—
E Ia glel =1 | 8 |+—4 By %ﬂﬂ.l"'@——l:'

£,=0

Standard floor

Entrance floor

Building C (High-rise building)

Entrance floor

18



Wind Velocity Setting for Simulations

® Vertical wind profile was assumed for 3 model buildings.

Height [m] 110 63791
B H Wind direction is always
‘.' 45° to the building
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Airflow Network Model for Building C

® Air leakage at exterior walls are calculated using airflow network model.
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Air Change Rate by Infiltration through Exterior Walls of Standard Floors

® |[nfiltration through exterior walls for standard floors was evaluated by simulation.

® Results were summarized as Guideline for Calculating Cooling/Heating Loads of
Society of Heating, Air-conditioning and Sanitary Engineers of Japan (SHASE).

Air Change Rate [1/h]

1.0 I I I
No wind
Outdoor temp: 0°C
0.8 Indoor temp: 22°C
Outside Doors: Closed
0.6 _aoofloose |,
0.4 o« ——= Average o & [nfiltration through 2F
T exterior walls (entrance floor)
il ! Tlght
0.2 ﬁLooseA“ver;ge{’ e o i Average value for
1 1. ~.t-—._1._a] Infiltration through exterior
| Tight . walls of standard floors
0 10 20 %m 30 50 60 Ei 80 90 100 guo Building height [m]
7 o = 21



4. Method to measure the airtightness of the exterior
walls using individual air-conditioning systems
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Outline of Pressurization System
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Pressure Difference vs. Air Infiltration Volume

® Pressure difference vs. air infiltration volume was clarified by this
measurement.

® The results are equivalent to the airtightness of exterior walls of 1.25 to
1.67 cm?/m? (“Average”).

Air infiltration volume [m3/h/m?]
4

. ! 0.7251
Maximum value:y = 0.4481 x™

3 | Median _y = () 3983x" 17!
value \

2 ./:é/ /’TI./
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5. Measurements in a high-rise building for outdoor air
volumes and heating loads through entrance doors in
the winter



Outline of the Measurement

® Qutdoor air volumes and heating loads through entrance doors were measured
in a high-rise building in the winter (37 stories and 147m high).

® \We compare the case when both automatic and revolving doors were normally
operated and the case when opening doors were always used.

® Opening status of doors, pressure differences at entrance doors were measured.
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Measured Results for Opening Ratios for Entrance Doors
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® Opening ratios for entrance
doors were measured using
door sensors.

® By always using automatic
doors, opening ratios became
very large compared to the
normally operated case.
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Measured Pressure Difference and Air Velocity at Entrance Doors
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Accumulated Daily Outdoor Air Volume & Heating Load through Entrance Doors
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6. Conclusions



Conclusions

® A measurement method of airtightness that uses buoyancy caused by stack
effect in a high-rise building was introduced.

® Based on the measurements, airtightness of different types of exterior walls
were analyzed and categorized.

® \We calculated the amount of air leakage at the exterior walls of 3 model
buildings (low-rise, middle-rise and high-rise buildings). Results were
summarized as Guideline for Calculating Cooling/Heating Loads of SHASE.

® Another method to measure the airtightness of exterior walls using individual air-
conditioning systems for each floor was also introduced and measurement
results were discussed.

® Considering the large impacts of stack effect, measurement results for outdoor
air volumes entering through entrance doors and resulting heating loads in a
high-rise building in the winter were also discussed.

® Air volume infiltrated through entrance doors in high-rise buildings is very large
especially in winter and it's important to make the lower part of the building

airtight to reduce heating loads caused by air entering through entrance doors.
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Thank you for your attention!
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