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Abstract

This study focuses on a cinema in Beijing and utilizes Pyrosim and Anylogic to establish fire smoke
and detailed evacuation models, respectively. Using the machine room of Hall 9 as the ignition point,
the evacuation process under different exit scenarios was simulated, comparing ASET and RSET to
assess safety and optimize plans. The results indicate that the smoke diffusion path characteristics
are evident, with visibility reaching hazardous critical values first; Exit 2 is a high-risk area, while

IR .

SCESIA: IR, BRI, ST KRS B RS S L), ER S S TR, 2026, 15(3):
570-584. DOI: 10.12677/mse.2026.153056


https://www.hanspub.org/journal/mse
https://doi.org/10.12677/mse.2026.153056
https://doi.org/10.12677/mse.2026.153056
https://www.hanspub.org/

(EDSRERNS

Exit 1 is the safest, serving as a core evacuation exit alongside Exit 2. When all exits are open, Exit 2
poses potential hazards; closing this exit and only using Exit 1 and Exit 3 can achieve safe evacuation.
These findings provide a scientific basis for fire protection design, smoke exhaust system layout,
and emergency evacuation management in multi-hall cinemas.
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1. 518

BEE B DT T SIS R AT, s ER R . SR, BB E N N B SR B P,
i R . SEBefi Aok Vs, W SR AT R 2, 5 9l R LIAEE 5 50
APRIEEFE, SRR EGIRW], T o la), AR BCAAE S KB HR, 3 SR AOEIE « &
BRI S M  k

R Py AN 3 SR KRR AR 5 N B 0 17 T I BN R BT TR R . KRB R
Pyrosim. FDS % iH5iat sl 128t B UL CO MRIZ. REILEESF SR i1k . Glasa 5541
F1 FDS XF 5058 K AT, B8 E 1 R BAADRHE KA RELS R KU RIRTE[1]; {58825 T Pyrosim #54L)
o I AN A IR B R R S8R, SR MHUMEHER R ST 2] EREER Pyrosim @7 /Y
HISEREIRY, 2B T RVRE TR A R R & A2 [3]. A SRR 3102 8 F Pathfinder. Anylogic 45
TH SRR L R AT G, 2P AN RE . ATORE . oA B A B OGRS .
Oikonomou & 2 1 %5 2l 45 (1 SE I B R AR 4t s-ERP, 2 2 AR 53 40 %5 2% 2 )X %: [4]; Dang A
PR AT 5 R O 22 B e 07 31, SR B R S A LA ARARAU ] ARG HESESE T Pathfinder 174,
oAl 7 KRB W s AR [6]; £ ST BIM SRR B KRB, S80E T Pyrosim F44DL [ 7T 52
PE[7]: W SOEEPEREAC AL T i, A 7T SRR AR GO BRI S [8]; 2R AL & Pyrosim 5
Pathfinder, 7T 1 52)7 KK ¥R FHBR AL (8] ASET 1504 75 67 B [A] RSET #h 3 k R ([9]. DA WL 2 BT
T WKR, RFEITINK R Z TR Y o TN K RERELIT L Mfemifois . SRR E W 0, o
RTHUBCH BT % 4K, PR KR AR .

A SCRIEFEREIE KO ME S B N R ECRe I, RS2 SHOR GBS, SR E. R, 6
WP B CO MR EAAL R, S8 BATA R AN () R4 22 4= 3G, DR leii Bl it 5 N SV BER Rk 4l

2. Pyrosim N RS 5L
2.1. TiEHER

ARSI 5 A 5 L XS AR R I SO E BRSO LR B . b TR R SRS,
HERTHARZ) 1550 P75k, PWEBHLRIAE 9 NS T, it AR EEAL 2 625 >0 SECR LAY T AR
BB AR A . — SR OB (K2 43.6 K, 54 2.6 K) 55— R AEIE (K 25.3 2K, %4 3.4 K)H=L,
TR U AR B R B AL, O NEIT RO BILS « 702 X 25 B i T B 2 [ 4 s B 9 A A5 (P 1)
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Figure 1. BIM model
1. BIM = &I[E

WA =N EEmBH . Exitl YHEZE EHAND, M THEREERAN,; Exit2 2T TR
Mo, EERE NS R AEIE; Exit 3 TR AEE R, HE A Exit 1 fREFE I, Exit2 5 Exit 3 /ENH
BB 18 o SR N KN — 2], BEEMERFE (BRI E) (JGI 58-2008) % 3K .

2.2, RRARBIZE L

RIRS RS & FDS KR BN 1A% O B4, BRUE T BRI S TSR ARV, IR AT i
FE4 . G5 RBAER, (HiHSE RSN BEEIN. MR SR, TR KR IEEAR TR M A% R
TR, AT

2
. Q °
0 _[prpTw@ ]
X D ANKIERHMEER, AL my Q NAIERBEBUESR, HAL KW p, AR SHIRE R, AL
kg/m?, HUME 1.205kg/im®; ¢, g LA, B0L kI/(kg'K), U 1.005 kJ/(kg-K); T, A EFREE <R
FE, ALK, HUE 293.15 K; g NEJIEEE, FAL mis?, HUHE 9.8 m/s?,

WA 55 [ [ R pr e SHE AR AR FL, KRGS R 75 5 K JERHE AR TR, MRS RS d 5k
JERHEEAE D LG B EL 1/16~1/4 [X[R]N, W] HEWURE B 580 . A AREA KIFRHMEEZ D" = 2.2 m,
X A BE A E D 0.14~0.55 m. ZEA TR ENE. HESRERA, &AKH 05mx05mx0.5m K
%

BT S, Revit LB = 4ERIAYHF SN Pyrosim. AR 5 Bt T RMD AR I 15 oK 9 R PR
K, HEK R % 0.044 kWIs?; BERUHEE S WEk iz 5, % CRFPTEHEE R S ARbRME) (GB 51251-2017)
(RN e K AVREHOH 26 8.0 MW WIRAZKEFN: E 20°C XUE 0 mis. bRt KSR, U EMHA.
HE . REWLEE. CO MKy . AT BT R M 9 ST eLE , ENLG I & 3 ANBRALH AR Sl
A SEETREIN 2 m o AN AUE R R BRI S COREE. KN E B 2 Bk,
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Figure 2. Location of the fire origin

2. BARHERE

3. KRIESEMERS

9 FITAL T HERE B i B, SR BN G R R K s, TR T K K R AR B A G TR X I
A . BEWE N CO BN, &% (HPZ4e TREfE™M) (GB/T 31540-2015)5 1SO
13571:2012 by, BEMA G AE 2 me BEIESHE 60°C . BE WG FE 10 m. CO IR JZIE FHE
500 ppmo.

3.1 WS ES

EK AT I NS, 48s JEMASY B2 9 ST WNLE B H, 7s 2 ES Exit2 [Xi8; 134 s K fH
AR EEIE, 328's I BRE B T 7 Exit3; 370's A 33 52 S 70 T 3T i A (A () i 1
FEAH, 417 s IR BIAFR H 1 Exitl, S FE TEE A5, 948 s B A CORTHFRE & 24
ST BN FEIX IR (L Z 1 AT 3).

Table 1. The duration during which each position is covered by the smoke cloud
F* 1. BNUEWESEERE

hiE WIS ) ()
9T T TR Hh H 48

Exit 1 417

Exit 2 55

Exit 3 328
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(2)48s “ (b) 134 s

(c) 328 s | (d) 417 s

| |

(e) 948 s

Figure 3. The situation of smoke dispersion
B 3. WS HIER

3.2. REBSH

KR, il I AE KPR FHL T B HOE S g, 190 s I 9 S 7L H R ik A AR G R I A
60°C, 270s FHAA4RIY Exit 2 WM A 60°C, UhBY B Rl & i 2 5T B AR AR — 8, IAEFEIR
SURBHAE . TG 8 i R 58 A AR R R AR S0 i . 497 s I iRy UL 5 AE A A BB A X T, 940's I
DI DR TR, TR R kg . R X O EIFRE, HARE LR, AEER T R,
S 2 m BRI R AR (L6 2 AT 4).

Table 2. The time when the temperatures at each position reach the critical value

* 2. BUEREED RS ERE

& RS I FHE60CIN [E](S)
95 JT IR i H 190

Exit 1 RiEF

Exit 2 270

Exit 3 940
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Figure 4. Temperature variation map at a height of 2 meters
4. SE2mALRETHEE

M5 PEBARTEAS KA, TG 1T B R eh BRI 5 m i 5235 AR S . WM =
15 20°CTE 190s I 2218 7+ 25 60°C, it f5 G S 1B Y 70°C 3R FH 223 300°C; 300's Ji5 7E 400°C~600°C [X [f] kK
WE AR B o 5 L il S 22 S 2, Exit 2 (IR BE7E 500 s NERFH A0 300°C, FFRFLELE 200°C~280°C
Wy, WS Es Exitl KT 40°C, 2tk RAF: Exit3 ARESZE EIt, JFIHIP IR e £ 70°C.
ZEFIRT IR S IR E LR AR, Exit 2 B0 K2 il EHentdi: Exit 1 PRPE B9z L7 K5 B
AR, WEMSHELMRA Exit 3 MW ER R SACFEERm, J5HTHRmMR.
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Figure 5. Temperature variation curve at a height of 2 meters
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3.3. BEMET S

Ko FIARE WL PGE T %, 48 s BFHLES H T RE DL CURF 22 10 m =4Il S, 54 s BT AHARH Exit 2
W IEZEIZAE, SISV EUR S, 0 BRE fe W R 2 N R . B S 6 LR B Ve RS K,
320 s I} Exit 3 #L Bk FE, 414 s WP B Exit 1 HEZ 10 m, F) 1000 s B2 A L X8 58T
A LB 3 R IR PR (UL 1] 6 Fhe 3).

VIS C
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(a)48s (b)320's 0

7.5

I

(c)414s (d) 1000 s

Figure 6. Visibility variation cloud map at a height of 2 meters
6. mE 2mALREREELLE

Table 3. The time when visibility at each position reaches the critical value
3. BN ERENAE AR ImAERTE

(A= fE LS 32 21l FAE 10 mEr [ (s)
95 T HUBRHLE i 11 48

Exit 1 414

Exit 2 54

Exit 3 320

B 7 w50, KR AN EECH D RE LB N BRI SRERE 22 B, MG 1T AR 9 B LR TR %
FIEOm, KIRX IR IRIEZE E S Exit 2 A RS ILEETE 53 s I P R %, JR7E 120 s 5 K AL T AR K
Exit 3 AbIFIRE WL 4E RN, % 310 s B A Wi R aU Rk 2 fa PO A BAMUAH O Exit 1 24 i, 400s
Ji5 B L FE A R PR T B
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Figure 7. Curve chart of visibility variation at a height of 2 meters
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3.4. COREBTWS

CO HI¥ B BREMN A MK, HIREE AR P 50 S BB —5, 1F 148 s I LHLES 1Y CO ik
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Figure 8. Cloud chart showing the variation of CO concentration at a height of 2 meters
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Table 4. The time when the concentration of CO at each position reaches the critical value

F 4. ZNE CO REIXRTIEFERE

(A COMW B 1 2|l FE500 ppmit 7 (s)
95 JT T H 148

Exit 1 883

Exit 2 305

Exit 3 465

i 9 w40,
X, WREEREE;
. MLk 127,

=X CO Vi ERREE, SR EEY BB EEM L. YL EA CO b
Exit 2 EFHEe. KiEs, ANEAILERE, Exit 3 ETHFEEGER: Exit 1 RE &K
2 AV (I T 18] DL 35 5).
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Figure 9. Graph showing the variation of CO concentration at a height of 2 meters

9. B 2 m &k CO SRET KRR E

Table 5. All parameters reach the critical schedule

5. IeFEHER

P —— BRI R (E) oA B
WA W BT COWRNE ®) A AL
Q5 T T 48 190 48 148 - -
Exit 1 417  RikF| 414 883 414 fe L
95 T IR LGS

Exit 2 55 270 54 305 54 fie L&

Exit 3 328 940 320 465 320 fie L%
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4. Anylogic A RFiETE
41. AGIHE

FE BTG B B BN B 557, BRSO S B E P . KA L. 4%
FSEHORBT, TR T RO 5 I BOR R Bt AT 2 AT, R UL 6

Table 6. Personnel quantity conversion coefficient table

*6. ARBERERHR

FETERH

FAARTURH
MEITH <10 MEITE > 104

PR RHK 0.8 1.0 0.95

ZRSIIE 9 MUT, T ABUN 1.0, R AECN 625 A, 1 5793 N, 2 5/768 N\, 35/752 A,
45791 N, 55/T87T N, 65/T68 AN, 75764 N, 85)JT68 N, 95734 A.

4.2. NGRBIEM

N 2R 520 R e 17, N D, 2R E BRELB] . AU N R AR T .
Z N ILE, SEEIEEA 40%. 40%. 10%. 10%.

4.3. AGiEzhiRE

[ Ah KT A S B N AT B FE I TE R, R3S T Sl . e

T » BRI INFE MR SR
TP TR P2 (SFPE) CGHBT TAZF M) 45 AN R HOR S, Wk 7.

Table 7. Reference value for personnel evacuation speed
F71. NARRHEESEE

N R (NIm?) <0.54 0.54~1 1~2 2~3 3~3.8
K B HUE FE (mifs) 1.2 1.2~1 1.0~0.66 0.66~0.28 0.28~0
T HL BOE FE (m/s) 0.86 0.86~0.73 0.73~0.47 0.47~0.20 0.20~0

WA Z T RZFIE, BN LB L5 0 A S 1 1) 59%. 66%. 85%. AFZIRA it
HIEL) 0.4 Nim?, BUBMEAKFRIE 1.2 mis, #5452 1.02mis. JLE 0.79 m/s. £ A 0.71 mis (W3 8).

Table 8. Different evacuation speeds of different personnel
8. TNEARBEURE

INGE it Z2ZAH(m/s) SR ET B B3 B (m/s)
A 1.2 100% 1.2
A 1.2 85% 1.02

JLE 1.2 66% 0.79
EIN 1.2 59% 0.71
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4.4. \GARBUEEEN

1) YERR

LA, LRI 2 O AR T AR R AT 2, I RE e 5 AFE XA 4% X 7, HAS
XEARTT I B T-1H B 22 A B A R 5 SEPRIZ B O, DA AR Bk X 3 A LR e
BCP BT, FR7E Anylogic HrEESZIFEREAL,  fnl&] 10 s

. i S

Lk le— Exit 1

Figure 10. Evacuation physical model diagram
10. BREATIEIREYE

2) GiEUEE

E 77 () PSS RY F EAitl B N RO A, AT G KRR AT, N RNEEIT H DAL
BHEH AR ORI E T & T N REEGEATER], RSO 9 ANET AR T AN BN 74y
MRS T BBOEE, Wi 11 PR,

enter PedEnter pedWaéte 1ect0utpult)edG0T0 pedSink entera PedEnterd pedwasigllect utputlpedGOT02 pedSink2
+—i o +—i 9
enter] pedEnter] pedWaitl enter5 pedEnter5 pedWait5
»— i »——B—
enter2 PedEnter2 pedWait2 pedGoTol  pedSinkl enter¢ PedEnter6 pedWait6
* o A LX) N
enter3 PedEnter3 pedWait3 enter7 PedEnter7 pedWait7 pedGoTo3 pedSink3
»——E— +—a—ia i 9

enter8 pedEnter8 pedWait8

»——a—

Figure 11. Evacuation logic diagram for personnel
11. ARR#ZEE
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5 ARREERPER 57

AT, B30 3 ANEREUH I, BN Exitl. Exit2. Exit3. N TIRFTTEAF]
LT U 5, 5 R B AR N 100% FIFE I, KX 3 NEEH O I G s &, wE 3 4L
o%. Exit1 F Exit 2 JTl, Exit3 5¢H; Exit1 f1 Exit3 JFi, Exit2 J¢H; Exit1l. Exit2 I Exit3 &&T
o
5.1. SCif—

[F] B R Exit 1 F Exit 2 fE NBRECGH 11, Exit 3 AT, #EAT N SR BOERL, B E RS o an 1 12
FioR:

(c)34s (d) 121 s

Figure 12. Experiment one: evacuation scenario
12. LI —HYERAER

HEHe S KM E, 23s B A Exitl Bift, THOTESE;: 32s i Exitl. 34s i 5. 6 5Tk
g, MEETFME, 121s ARASHEHET . Exit2 SR LI, 172s seliEibt. B En, FiNE /g
AN AR SEBE O, R ECR .

52, SCif—

&) I T Exit 1 A1 Exit 3 fENERECH 11, Exit 2 AT, 34T AN REREOEL, B EoE vl & 13
FiR:
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(c)69s (d)119s

Figure 13. Experiment two: evacuation scenario
13. LI —HIERALIER

RGeS K, 23s BAIMACM Exit 1 Bk, FH OJeHitE; 36s B Exitl A4, 69s i Exit
3 IS, 119 s N AT 2T, 228 s SEREEL. J5 H Exit 1. 3 AIHE 0K, (HRURIE T 5250
—, ULH Exit 2 HA KB HHEUEH .

5.3. L=
[FIAS FFAL Exit 1. Exit 2 A1 Exit 3/EABAENE 1, #H7 N RBREUERL, BREREUE R0 A 14 frw:

(€) 74s (d) 119

Figure 14. Experiment three: evacuation scenario

14, SEI6 = MOBRELIR R
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BB 23 s B A Exit 1 #H, 39 s B Exit 1 3%, 74 s i Exit 3 #1585, 119s & AE /T,
174 s SERREREL . = H TR K, HE5im—mKBr, #00 Exit 1 5 Exit 2 & @ B BRI 6
(= 9).

Table 9. Analysis of personnel evacuation time

9. AGIRELATE 4

SEYG I SR A S B L [E] (s)
N FFIREXit 1 365
Spig— 172
625
SEH 228
A= 174

6. KRFESIEHS AN RFBURBE R

AT ASET 5 RSET, LA Pyrosim B G FHit A2 ASET. Anylogic i i) A
RSET, EuEdp s, = H O &5 S BB REE W B Seikbs, PLEEILEE 10 m i [H)4 ASET ¥
SE WAk, AR 10,

Table 10. Safety assessment of each evacuation exit

* 10, ERMHOREHE

B H BRALAZL(N) ASET RSET ENE RN N TR B E
Exit 1 319 414 153 0 LA
Exit 2 104 54 174 91 =
Exit 3 202 320 140 0 LA

gE LW, Exitl. Exit3 () RSET iz/NT ASET, W Z4iif; Exit2 ) RSET it K+ ASET, {91
N4 mith. iRt e Exit 24 AT Exit 1 5 Exit 3 I, BHRilgs 5 W% 11,

Table 11. Safety assessment of each evacuation exit after closing Exit 2
11 XM Exit 2 EERE AR LFE

BiELH TAseT TRsET GAEHHUCH E
Exit 1 414 189 wh
Exit 2 54 0 wh
Exit 3 320 228 wh

eA)E, JE A Exit2 BN B 4M/ % Exitl. Exit3, PH O RSET B&f EFHEA @/ NT ASET, Exit
2 TN R BORTC AR . 27 Ml G L, SEEZ S B8 FmEL AR T N G
7. MUCRECRIE BRI T Dt SEEERFERTE

ACHE I K RIS B Exit 2. AP Exitl 5 Exit3 (BB %5, EHaM. MZEE. NGR4T
AT BT AT, RN TR M 1 X . 1T R E TR N BB AE R, A [ e T B
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M5 2a 0, AR L rDEE 8 Exit2 HFEH M, KRN, ERd0E. mAR. ST <
G R e e I B RN e 56 ] o e R 91 TADINT: Al N

WG AL S R P TR AE U, DGR Exit 2 PTRERLKCBR AR . RIS, $h= 535 K
MR GURIREL. @ HR EHL 513 I RER R I R AR G S s R2 et o, it
FLEU Hhs EWESR. AN RETE, 1R Exit 2 AR EM PGS S5 ER . 2R R AT IR R EORE,
THEREE PR, 3R 7 AR S S

8. &t

A LA T A 5 L X S G [ B A o 5, B Pyrosim BT R BARERY, HR9T 9 5T
BG5S KBRS DG S =48 4k, 456 Anylogic f B B, 1 BN A HE 135 540 3G, it ASET
L5 RSET #& TPl e &t it 7 %, B LRE k-

1) SR K RMAY B A B35 A 5 I P ARRAE, 3 S5 T e 2 (AR A 5l B e R T 5 T 45 3 AT IX
B, HEeWE RS fERE FUE, v BB

2) FH KRR ZE 5 B3 . Exit2 B KR, NEfa X Exitl BRSO Bk RRLF, 2
PEBAR: Exit 3 XU 2%, &% 28218 WA (H f 40 AT 32 4 PR

3) BRBHCE S H OB E S VIR T Exit 1 i 75 365 s Bl HLiHE ™ & P Exit 1 A1 Exit 2 i
W 172 s Bk, —HOAJFRFE 174 s Bift, RORAHIE. UEHH Exit 1 5 Exit 2 A0 0, 29 S THLG
B K Exit 2 RS SER AT, Exit 3 FI/E )/

4) 5l SR BRBEUT RAFE R 2 AaRE, JCH Exit 2. T Exit 1 5 Exit 3 IMRALE AT
B&GHME. THEES e, ARRRBIER. BaU i1k, D8 Koe MRS e, o
A RSRIIRE = e RS . IR O, LA S B v R FH AR

BE K
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