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Abstract Recently, there have been a lot of casualties due to fires in high-rise buildings. The toxic gases and smokes
generated by fires in high-rise buildings spread rapidly through the elevator shaft and stairwell, due to the stack effect,
and can cause critical casualties. To reduce the number of casualties, smoke control systems have been introduced.
Smoke control systems play an essential role in preventing the spread of smoke in high-rise buildings and securing
the evacuation route. Also, in high-rise buildings, evacuation by an elevator is considered to be indispensable.
However, the pressure field in the shaft is strongly disturbed when the elevator is moving and this can affect the
performance of the smoke control system.

Therefore, in this study, we experimentally and numerically analyzed the effect of elevator movement on the pressure
difference between the vestibule and living room by building a model using the sandwich pressurization method based
on the performance based design. To consider the leakage areas in high-rise buildings, e.g. the windows, fire door
and elevator, the National Fire Safety Codes and area ratio were used. The elevator speed in the model building was
varied between 20 m/s and 100 m/s corresponding to a real elevator speed of 7 m/s~17 m/s. As a result, the
relationship between the pressure difference and elevator speed was found to be AP=40-exp(-Ves /-104.7)-23.735.
This result can be used to take into consideration the effect of elevator movement when designing smoke control systems.

Keywords : Elevator movement, High-rise building, Pressure difference between vestibule and living room, Smoke
control system, Sandwich pressurization method
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Table 1. The validation of Experimental and Numerical Study

Experiment | Numerical | Error rate Experiment |  Numerical | Error rate
Non-moving Moving on 0.6 m/s
Vestibule 294.23 Pa 309.263 Pa 4.86 % 295.89 Pa 311.143 Pa 4.9 %
Living room 242.11 Pa 256.818 Pa 572 % 242.34 Pa 257.188 Pa 6.14 %
Pressure difference 52.12 Pa 52.445 Pa 0.62 % 53.55 Pa 52.955 Pa 1.11 %
Fire door 8.7 m/s 9.213 m/s 5.57 % 8.82 m/s 9.359 m/s 5.75 %
Window 20.23 m/s 18.182 m/s 10.12 % 22.25 m/s 23.887 m/s 6.12 %
= — Ewemaniaet 3L dFjulolE7t FARAS T4l A w9
£71 ° . o A& et £ B9 2691e ol §3te] xuF A5
g = e 2o] ol 4E)E Aeuole g Agajel 24 Al
E™ olf] &l e R4 Ad 2 Akhistes 4P
= oo i
= ] s o= R,
a -
5 o -
P,‘l’i‘ﬁ'ﬂblll. P,LI\O‘I!I'H oo V,Fllll door \f,wl:'rﬂow _
242 &A Hz2H|o|E £EE st RL4T;
Fig. 4. Comparison of Experimental and Numerical _ o
oy 74 7+ xietst shAiZ)
Figure 6& <dE|WloEl7l 534 &S we]
o] Wiy 2 FE g3 AgjHolg] FAHAEAE Streamline& UERIL ot TdoA & 4 9%
4 wage] hsE 99 §ETANAS A8ae 4 o, Fanold FUATE SEFTFS GHE B H4
A Lo A o= FAUAES shuE gdsle g 3 stAR FYH] eSS FAska gk E3L
oA sk 94w ARAD. AR, dedolr T FEAd deliolE AEER f50 4T A
T el wel A9 9 FAeA Ay e oy SR 5 gk
Hdf 10% HellA FLF BaeFAS bl ik whet
H, AN AlEel fEAS BEeH A m ey
- = - - 8.000e-001
T AFE dEvolH £EE A83r] S8 Loy °
APLES AIA AejulelEel] o3k FaFS A8k

Location of Elmater

Fig. 5. Computational domain for the difference of
elevator speed

Figure 5+ z]ulo]
3 dEuloly ARZEE
Point 12 AzWo]E7}
2+ Aoy 7t FaE A

5

88

6.000e-001

4.000e-001

2.000e-001

0.000€+000 \/\
[ms™1]

Fig. 6. Streamline when non-moving elevator

Table 2 = Ae]Hl|olE] o utE AAgs 2o
nAE e £ *3} | HAste] dejuloly ¢4 B &
Lol mhE FEAR FEE FEE HeEha glv 4
Zlulo]Efe] 914 }Pomtl o $1A18kaL 10 m/s = 755
= 45, dejHloly TEol Adde FHel A= o

G2 vllsklet. sk, deEfHlolE £57F 20 m/s ©f

How FEIE A3 Aelulole) ALE R FES
REAR FUAA FA0 GRS FEATT,



AZ2E

A==

P

=
= A

oA Aoy o] Bt

Table 2. The mass flow rate from Elevator to Vestibule

[kg/s]

Point 1 Point 2 Point 3

10 m/s 0.031 0.027 0.046

20 m/s -0.008 0.055 0.067

40 m/s -0.043 0.086 0.118

70 m/s -0.073 0.120 0.198

100 m/s -0.138 0.170 0.256
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Table 3. The mass flow rate from Damper to Vestibule

[kg/s]
Point 1 Point 2 Point 3
10 m/s -0.042 -0.061 -0.066
20 m/s -0.011 -0.073 -0.091
40 m/s 0.027 -0.091 -0.141
70 m/s 0.082 -0.101 -0.214
100 m/s 0.137 -0.116 -0.323
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Table 4. The results of Pressure for Vestibule and
Living room

[Pa]
10 m/s | 20 mss | 40 ms | 70 ms | 100 nvs
Vestibule 978 | 1505 | 2071 | 2337 | 2804
Living room | 80.5 | 1251 | 1668 | 1884 | 201.2
AP 173 25.4 403 453 79.2
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