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Abstract

Keywords : Smoke exhaust lobby, natural smoke exhaust, building smoke control, high rise

building

Introduction

Smoke is an important factor of safe evacuation in a case of fire. Besides smoke hazard,
smoke would also lower the visibility. For high rise buildings, smoke lobby is the passage
and important evacuation route to the special safe staircase. If the smoke flowing into the
smoke lobby and flow disturbances occurs, it would impede the personnel evacuation. In the
fire code smoke lobby for the special safe staircase (can be shared by emergency elevator)
can apply natural smoke exhaust. The smoke can be exhausted to the outside, or by using
ducting for inflow and smoke exhaust. For natural smoke exhaust, the basic requirements
are the heights of makeup air inlet and the height of the exhaust outlet, or the cross section
area for the exhaust duct. The past research showed that building design and the outside
wind are factors to the smoke exhaust effectiveness. Moreover, the aspect ratio of the smoke
lobby, the space outside the building, can also affect smoke exhaust. This research addresses
the problems stated above by full scale experiments and computer modeling. Research
results are presented for the experiments and the comparison with computer modeling.
Discussion is given on the design guide and fire code amendment, on the base of improving

the safety of smoke lobby.

Research methods
The research methods are described as follows:

1. Literature search regarding codes and research on the factors of natural smoke exhaust.
Comparison of codes in Taiwan with that practiced in other countries. The research

literature as well as codes and standards were analyzed for possibility of adoption to

X1
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2.

the present codes of Taiwan.

Researchers and professionals in the areas of HVAC, fire engineering, and government
officials were invited to two seminars held in different stages of the research. Comments

made in the seminars were considered in the research works.

Full scale experiments for natural smoke exhaust were conducted, along with computer
modeling for comparison, and computer modeling for actual building cases. Key factors
of natural smoke exhaust was tested in the experiments and modeled in the computer

analysis. Improvements on natural smoke exhaust were proposed.

Research results

The important finds in this research are described as bellows:

1.

2.

Research literature focuses more on natural smoke in large buildings but not smoke

lobby.

It was found that in the case of no wind, natural smoke exhaust can maintain tenable
conditions under a height of 180cm, with the current fire code, meet the need of safe

evacuation.

The experimental results and computer modeling show that with no wind conditions,
smoke exhaust would continue until the temperature in the smoke lobby reaching the
outside temperature. In the case of outdoor wind, however smoke exhaust would
proceed after the smoke lobby temperature has reached the outdoor condition. Moreover
temperature would decrease faster with high wind speed, along with faster smoke
diffuse. This study shows that contrary to some previous research, outside wind is
advantageous to natural smoke exhaust. The cause would be the smoke lobby has an
area of 12m?, with the short side at 3m (compared to smoke zone < 500m? ), the
turbulence mixing length could be larger than the smoke lobby depth, and has

enhancement effects on smoke exhaust.

XV



4. Smoke exhaust at the long side has better performance than at the short side.

Smoke lobby located the center of building block (middle floor), has parallel flow

characteristics at the smoke exhaust plane, and performs better than other locations.
5. Smaller smoke lobby appears to have better smoke exhaust performance.

6. Wind pressure can have adverse effects for high rise buildings, such as excessive door
opening force and smoke spread inside the building, etc. An door opening force analysis
suggest that the pressure on the fire door should not exceed 75Pa, corresponding to 4m/s

wind and a building height of about 50m.

Applications proposed
Immediate applications of the research results are proposed as below:

1. This proposal is referred to the practice engineers, and the government officials. Natural
smoke exhaust is better designed at the long side of smoke lobby as a whole this would
have better natural smoke exhaust. The smoke exhaust opening when designed nearer to
the center of building facade would perform beter in the presence of external winds.
Experimental results show that full smoke exhaust opening performs better than 450
opening. In additional to hot smoke buoyancy forces natural smoke vent would be
enhanced more by external wind at full opening. It is therefore suggested full opening of
smoke vent would be a better design. This report has proposed some good practice
regarding to the position of smoke vent relative to the building fagade, relative location
in the smoke lobby, opening angle and the height limitation. It is suggested that the
proposal be considered in the practice and in the design review by the government

officials.

2. Outdoor Outdoor wind could impose high pressure on the fire door and cause excessive
high opening force. With reference to NFPA standard allowable wind pressure of 75Pa
is suggested. It is also proposed that in practice appropriate wind pressure can be

calculated according to NFPA standard using Equation (1) in the Appendix. The

XV
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pressure of 75Pa as proposed corresponds to wind speed of 4m/s at the smoke vent. In
correspond a building height limit of 50m is suggested. It is proposed that natural smoke
exhaust should be applied for buildings below 50m height. This proposal is referred to
the practice engineers, and for the government officials to amend the fire code in the

future.

3. The research results show that outdoor wind is advantageous to the smoke exhaust,
verified by experiments and computer modeling. However the results can be extended
other applications such as room smoke exhaust and natural smoke exhaust for staircase,

etc. Further research in these areas is proposed.

XVI
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~ it £ & #2374 (Conservation of Energy)
0 Dp
a(,oh)+v ,ohu—F 4"-V-q, +V-kVT +V-> h (oD), VY, (4.3)
|

4 ~ i 48> 42 3% (Conservation of Species)

0 o m
a(le )+V-pY|U = V'(PD)| VY +W, (4.4)
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