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Abstract

Skyscrapers have poor stability in a fire situation that requires a golden time. In particular, a fire in a

This paper introduces an evacuation system without an actuator and a new brake device.

high-rise building can be fatal to the vulnerable because it is difficult to evacuate them quickly. This
study designed a device that enables the vulnerable to evacuate quickly and safely in an emergency. A
mechanism that delivers beds directly downstairs was devised, making it possible to carry out
independent rescue activities on each floor for rapid evacuation. On the other hand, the safety of the
evacuation device was not secured because of the various weights of the vulnerable. This study designed
a braking system without an actuator to overcome this. The system consisted of springs and dampers.
The kinetic energy was converted to the potential energy of the springs, resulting in damping and a loss
of kinetic energy. Hence, the springs and dampers act as a brake. The simulation confirmed that stability
is ensured even under the weight of various vulnerable people. Because there is no actuator, it can be
operated safely even in emergencies. Overall, the device enables rapid evacuation and is expected to

show high utility in the evacuation of skyscrapers.
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Fig. 1. Vertical evacuation device for vulnerable
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Fig. 3. Evacuation system consisting of fixed and
moving blocks

10

X =

bed

bed

bed

Fig. 4. Evacuation method to transfer beds
downstairs

3. HSE=

%’401]*1 Zﬂﬂ%

01*%}“4 150 kg t.* o] 3]
IS ER gt J4FAY] ALt
o2 Qs dxo A5EA7 2 go}u}

Fig. 5= HE9] dzojolelr} gl ASAXE Hol
Zth. Fig. 6OIMAY Al AT} v 2 14

A o 4 o
im{o

2
) s



Azolole7t gl W gA] AFHN 44

=), o] HllE 20| EASH: B ue} Zejic
o] AEHA] BEHE A Al of T ALH
o £EUHAS ASTA Pk Bq. 12 STHARL

g jo]ct.
d oL oL oP
AP Sy
where
L=T—V @)

where 7 is the total kinetic energy of the system,
V is the potential energy of the system, and P is

dissipation function.
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where m is the mass of bed containing a patient,
Ly is initial length of the stretched spring
balance, g is gravity acceleration, k; and k, are
respectively spring constants of spring balance
and brake, and y;(z) and y,(x)

compression length of braking devices.
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where ¢ is damping coefficient.
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where vy, and y, are the compression length of
the first and second brake springs, respectively, d

is the height of the curve, d; is the initial
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compression length of the brake spring, /; and 4
is the length of flat intervals, I, is the interval of

the cosine curve, and h; is the interfloor height.

Fig. 6. Brake system

Table 1. System parameters

Mass of bed 150 < m < 250 (kg

ke, =120, ky = 10000 (N/m)

Spring constants

hy=3,1, = 15,1,

l3 =1 (m)

=0.5
Height

d=0.05,d, = 0.05 (m)

Shape of curve

Interval between brake
wheels

w=0.01 (m)

c=1 (Ns/m)

Damping coefficient
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