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Fig. 3. Comparison of current study stairwell descent speeds with literature val-
ues. Where available, data points include standard deviation of average movement
speeds.

1. Delay in evacuation initiation. Delay evacuation may cause occupants to
encounter more or fewer people in the stairwell which may impact their
speed (For evacuation initiation delay, only data from the 6- and 11-story
buildings were available. Data from the 18-story building is forthcoming).

2. Distance travelled during evacuation. Evacuation from higher floors may
lead occupants to encounter more congestion in the stairwells or allow
occupants to tire more than those evacuating from lower floors leading
to lower movement speeds.

3. Presence or absence of firefighters travelling in flow counter to the de-
scending occupants. Firefighters moving up the stairwell may impede
those descending the stairs or may encourage the occupants to move
more quickly.

4. Stairwell width. Wider stairwells may allow occupants to descend side by
side or allow faster evacuees to pass slower ones. Narrow stairs may lead
to congestion.

5. Density of people encountered during the evacuation. The presence ad-
ditional persons in the stairwells nearby each evacuating occupant that
may impede the evacuation of a given building occupant by limiting the
maximum attainable speed of the occupant (For occupant density, only
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data from the 6- and 11-story buildings were available. Data from the
18-story building is forthcoming).

Using multivariate linear regression, we can relate these factors to move-
ments speed in a simple regression equation

Ŷ = β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + eet , (1)

where the β-coefficients, β1, β2, ... , β5 are coefficients of the regression,
X1, X2, ... , X5 are the vectors of the measured engineering parameters
above, Ŷ is the vector of measured occupant stairwell descent speed, and eet

is an added error term that includes all causes not specifically included in
the model. The magnitude and sign of the β-coefficients show the relative
strength of the relationship between each variable the measured movement
speed. That is, how important is the variation in variable X in predicting the
variation in speed relative to other variables included in the model? For this
simple model, only direct effects of each parameter on movement speed are
considered.

Figure 4 shows the results of the causal analysis. Numbers on the con-
nector arrows in Figure 4 are the β-coefficients of the regression for each
variable. Firefighter counterflow, delay, distance travelled, and stair width
each had statistically significant impact on occupant movement speed during
the evacuation. For example, occupant evacuation speed was inversely re-
lated to the distance travelled by the occupant; the higher the starting floor,
the slower the overall movement speed. Distance is seen as twice as impor-
tant as firefighter counterflow or stair width and three times as important
as pre-evacuation delay in predicting speed. Stairwell density did not vary
sufficiently in the two evacuations included to see a significant impact on
evacuation speed.

However, the most notable result of the regression is that all of these
easily measurable engineering variables together accounted for only 13 % of
the variance in occupant speed. Thus, the vast majority of the variance in
occupant evacuation speed is not explained by these typical engineering pa-
rameters used to describe stairwell flow. Physiological and behavioural factors
may be more important in determining occupant speed. While occupant de-
mographics were not available for the current study, NIST [14] has estimated
that 6 % of the occupants who evacuated the World Trade Center towers
on September 11, 2001 reported having a mobility impairment that hindered
their evacuation. Kuligowski and Gwynne [21] discuss the need to account
for human behaviour and note that inaccurate results from simplifications
about behaviour can lead to unsafe building designs and procedures. Clearly
there is a need to better understand all the factors that impact the ability
of building occupants to take appropriate protective action in the event of a
building emergency.
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Fig. 4. Model of occupant stairwell descent speed.

4 Conclusions

This paper has summarized the typical engineering variables used to describe
stairwell movement during building evacuations, reviewed literature values for
movement speeds, and presented data from three new fire drill evacuations.
The following conclusions are evident from the study:

– An “engineering approach” is insufficient to understand variance in oc-
cupant stairwell descent speeds. Better understanding of behavioural and
physiological factors may improve explained variance across evacuations.

– Firefighter counterflow is a small but significant impact on stairwell move-
ment speeds (in a six story building). The effect in taller buildings is yet
to be studied.

– Understanding the context of observed evacuation drills is critically im-
portant. For the observed densities in the current study, stairwell width is
a minor parameter. At higher occupant densities, literature suggest that
stairwell width should be important [7].

– Early evidence does not support the hypothesis that people are moving
more slowly, but additional research is needed to understanding movement
speeds for a range of buildings and environmental conditions.
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