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ABSTRACT

Article 107 of the enforcement order, Building Standard Law (BSL), requires that the fire rating of
main structural members of buildings be 1, 2 and 3 hours according to the number of stories. On the
other hand, the introduction of the verification method of fire resistance performance in 2000 into
BSL has made it possible to use fire safety engineering methods to verify the fire resistance
performance of buildings under the design fire load densities prescribed according to the type of
occupancy of building space.

Building fire behaviors differ depending on various conditions, e.g., geometries, materials, etc. of
building spaces, hence the verification method of fire resistance performance is superior to Article 107
in terms of the possibility to take such various conditions into consideration. However, live fire load
density is not a constant but a stochastic value which scatters significantly. It implies to accept the
collapse of a building when fire load density happens to exceed the design fire load density.
Considering that the damages to human lives, properties, societal benefits, etc., the larger a building,
generally the greater the impact of the collapse of the building, Article 107, which requires different
level of fire resistance performance according to building height is more prudent.

1. Risk-based selection of design fire load density

The advantages of the verification method of fire resistance performance and Article 107 of the
enforcement order can be merged without conflict by selecting the design fire load density for
resistance design of buildings based on the risk of building collapse by fire. The outline of the method
is as follows:

(1) Risk of building collapse by fire: R

The risk of building collapse by fire, R, here is defined as follows, i.e. the expectation of the damage
due to building collapse by fire:

R=PC

where C: magnitude of the damage due to building collapse by fire, P : probability of occurrence of
the collapse.

(2) Acceptable risk of building collapse, R,

Let the risk of building collapse by fire, R, be equal or less than a common value of acceptable risk,
Ry, 1.e.

R (= PC) <R,
The R, is determined by the C and P of the benchmark building which is generally regarded as a

building whose scale and fire resistance performance represents the acceptable risk of building
collapse. i.e.

R, = PC = (PrPrai)C

where ﬁf, ﬁfail, C are probability of occurrence of compartment fire, failure probability of structural
member, and magnitude of damage due to building collapse, respectively.
(3) Acceptable probability of building collapse

From (2) above, acceptable probability of collapse of any building, P, fait>18 required to be as follows:

Pyfain < Ffailﬂ €Yy
: PC

(4) Design fire load density

Setting design fire load density, wp, in fire resistance design implies to tolerate building collapse in the event
that actual fire load density, w, happens to be greater than wp. Hence, regarding the probability of building collapse,



Pg rqir be the probability that w exceeds wp, F(wp) as illustrated in the figure below. In terms of formula, F(wp)
is given by

Wp

Pogar = | fddw =1 f@dw =1-Fowp) @

Wp 0

where f(w) is the probability density function of fire load density, w.
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(5) Procedure to determine the design fire load density
The procedure of setting the design fire load density by the risk-based method is simply as
follows:
1) calculate the acceptable fire load density, Py sq; , by Eq. (1)
2)  solve the design fire load density, wp, corresponding to Py rair by (Eq.2)

2. Case studies on practicability of the risk-based design fire load density

Case studies are performed for office and collective dwelling buildings to check if the risk-based
method for setting design fire load density may cause unreasonable fire resistance requirements. The
results show that while design fire load densities increase as the floors and area of a building increase
the required fire resistance does not increase proportionally, and even if a building has over 100
stories the required fire resistance rating is very likely to be less than 3 hours. Besides, fire resistance
requirement to low-rise building is generally loose unlike the verification method of fire resistance
performance.

3. Annex
For simplicity of the main text, the results of technical studies conducted during the development
of the risk-based setting of design fire load density are summarized in Annexes by each topic.
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