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Analysis on the fall shock of the urban emergency evacuation device

LI Song-mei, JING Xiu-min, WANG Yong, CHANG De-gong, WANG Ji-li
(College of Electromechanical Engineering, Qingdao University of Science and Technology, Qingdao 266061, China)

Abstract: Aiming at the safe evacuation problem of escapers in high-rise buildings in the event of a disaster, the structure design and anti-
falling impact analysis of urban emergency evacuation devices were studied. A new type of urban emergency evacuation device structure mod-
el was proposed and the structure was segmented design, which the numbers of the cabin were set reasonably according to the layout demand.
Using the drop test module DTM of ANSYS/LS-DYNA software to analyze the fall shock of the cabin from the height of 5 m, under the condi-
tions of the cabin dropping directly and adding buffer supports at the bottom of the cabin. The results indicated that the maximum stress in the
falling process is 433 MPa, and the stress is reduced significantly compared to the direct fall shock, for the deformation energy of the buffer
supports consumes part of the impact energy to reduce the direct impact. This study provides theoretical guidance and technology support for
the design and manufacture of urban emergency evacuation devices.

Key words: urban emergency evacuation device; segmented design; fall shock analysis; buffer supports

N S, KISR0 TR M A

I B R 02016 FR ISR 0 He
20 HHEBIK RIS %k MOMAR T B WA R 35312 TR, A5 T ABGE 1 700 A, 1283

BRERE MR FE M 13 A KRBT R BRIk 37.2 40T,

T PR S0 4 0 R A L I ) 9 S 1 S MR R LI I S T P

Y5 HH#5:2017 - 03 -27

E&TWE : IIRA HARARE G VRN H (ZR2015EM037 , ZR2016EEP12 ) ; 35 & 7 R A= 1R B BT H (16-6-2-59-nsh)

VEH BT ZEANME (1986 — ), 2, INARTF BN, T2 A LA SO, 3 B2 FURr RUE Sh 4540  HLAR R 4048 RE AL BT BT S WL 45 07 T Y
5%, E-mail; lisongmeil 126@ 163. com



512 1 AW, S5 L I T ' R i kIR b A . 1433 -
o SR PHR T, T R Aok ESE B e IR Y v B KR =
o S H B EkIE vhil 2 B AR B R = R T (R R U2
YN Rl Az N B3 $R A 22 4kt E %) 37 0, DT £ 47 3k
PUENZ

AN A2 4
ASHIFFEER XS I I 2 2 () R, i ¢ 7 R 3k
RO B AR

1 RRZE MR

AR SR sl e A 4 IR R T
B, EIr e R m AR A A 1 R .

1 BEEREREG Y

FIRAAR Z [E) R o3 B 8 1) , 2 1 o R RS AR i A
TN S )R/ INVFIE PN AR A7 DR B 28 G A ' oK, 6 BRI
BRI B B BUR AR S RS2 710 mm x
1200 mm x1 700 mm, R BEEREE N 12 mm, N T 5
B op PEE G RE TS I ER 1) G 1) 5 S IR S, AR AA
S e R 2 Ml i i 22 e MR T TR IR A5 BT
ik E 2 B

(WEYS

AL

2 RIS IE

Il TiT B R MR Y I BE SR ] 2 SRS BT, A
SR NARYC R B K2 BURANZ ORI Z BT
WIZ MEBEZ RESH KN IE 3 Fs .

K3 heEEZREHE

Bi7 IR 20 JE RV S5 1) B KA SR ikt R A
FT i R T T I, B A E R FH R
FIZSAR DR AN T[] 79 92 o R AR A ) B, A RS R
M s S st i 2 4 o B B AR K R % 2k ey oo S5 5 4R
T AR R I VL IR AL R 5 BE /N IR DN B AR
RERF , LRSI ZFPTE N JE Z [0 X 515 B % 21 I
R SR R R A R KSR B

F T AR MR Bl KR S I | R T SRR, 3
T SR B T AR PR AR TR | i BLIE AR BE A A4
RHEE Ay it IR 8 B RN E b Pk 8 755 9 18MnMoNbR J
TIES AR, T2 PERe IR 1 s

%1 18MnMoNbR $HIRS %L

W/ SAPERTRY SUROREE/ R RIS/
g el
(g-cem™) GPa MPa MPa
7.85 206 570 - 720 400 =41

2 iRk o

TE b 52 B I 25 9 ME TR 2 S 42 T % 2 ke
SMERE 1Y B BB B, R s R AR R TE . TR
Vo SR BRI Y, SR B0 38 S92 50 Ty 3 M DL AR A R 1 2k
VGRS, K PR CE T e DL AR E AR A
5K MR S A 3] Workbench T 9 LS-DYNA A
(1 DTM , it HE 47 ek b o 20 A7, 30 3 162 i S 46 2R
S BIPRS00 9 07 o A 4 g i it B
&%,

RN A HE R T 5 m, i AR5 5 A T LU
JEZS B e 42 25 il O I B, T LA TRT Ak A k- 530 55 -
B RSS MR Se o R VR, S I S
FEA ahy  ap e AR S RE R Ak R i AR SRR R
[l 5, AR Ak vhif i B AR 4 FR

L]

n ﬁmw@lg i I—Ilw x
m
/.

K4 iR b g 2



. 1434 - HL H,

™ % $34 5

i A AT ) e A o el R o AT
I, TR RO, 7 AR B E UK . AEAR MR S PR ik
e e b MR Z 1R] B B AS-A) 2x BELRS-RE (AR , DA T
AN b RE AR R R AT B AR BT ALE )
DR TSR R AN 3 m, S
PRIME A A I B — A 2 K A 2 SR BT, e i A
(T BE T I ] B Bk R BE O S mo ST B TAT A
AR A AR 70 35 A A A K 9 o o 3o 2
9.9 m/s, Jiu i o 5 g R, T 2K V- 2 EE 45 AR
$h 0.2, 05 B 1] S PA-He fh i T T 465 3350, 7 LIS
AN 0.025 s,

fE A A B RE RS AL B2 A&l 5 BT o

BRS04 A= 3T, AR S8 A eSS i (14

Fringe Levels

5.543e+08
4.989¢+08 M
4.435e+08
3.880e+08_
3.326e+08 _
2772e+08 _
2.217e+08_
1.663e+08_
1.109+08
5.543e+07]
0.000e+00 |

(a)2.5ms

Fringe Levels
7.068e+08

(b) 5ms

B L), SRRV (R A hR) , 75 & T A2 1k
B

LS-DYNA user input

s0r
-
]
=~
S o Global
3 20F ".__Il -------- AKinetic Energy
‘\S . ---- Blnternal Energy-2
o0 k! —— CTotal Energy-3
Lo
L OO
ol e e ee e
0 0.005 0.01 0.015 0.02 0.025

B AR 2 7 AT o R A B 221 17 g - ] D R g
=EE 6 Fin .

Fringe Levels

7.520e+08
6.768¢+08 M
6.016¢+08_
5264e+08_
4.512¢+08_
3.760e+08_
3.008¢+08
2.256e+08_
1.504¢+08
7.520e+07
0.000¢+00 |

(¢)7.5ms

Fringe Levels

7.472e+08
6.725¢+08 M
5.977¢+08
5230e+08_
4.483¢+08_
3.7366+08_
2.989¢+08_
2.2426+08_
1.4946+08
7.472e+07]
0.0006+00_

(d) 10 ms

K6 ARARIRIE ST A 2 ) ]

M BRI LA 25 ms DUJS AR ) J5 38 1
(LA A A7 5 FEE A B, 00 A T M e 2 S R i v o
e & BEAE AR A e Bt A1 0 T S EE S m Ab
BRI AN LA, JoZe M it 2 1 IS MR , DRt
A WA EEAE AR AR RS TR AN N 252 o SR8 bk A iR A
ELAERER

M al R A A B v I B fE I, A A
F Y BLIR , S BRI N AR A HE 52 BN EOR B 2 it

SrHT BBA  E SR N S S TR ST Z R BRI 1
SR AT WA BEAE AR 1A 15 1l T 22 () fin— % e AL AL s
AR b

3 A G ih SRR A R A R T o B

3.1 ZHZER
G i S AT AL RE 1k T MR TR B R



512 1

ZERAE, A T SR SRR B 1 Bk 7 b 43 A

- 1435 -

e, I FLI8 T P9 350 10 22 ok ek 1 e A T S 3 i
AEMLAIR 9 0 2R o AL % FH A 4 ol i 1 b1 ) AT 2R
SURRHLTR RS VR A 4 AR R A e B
AR, A U 1) BELJE DR TR RE, R TH AE 30% ~
50% whili e, {H A BE 7K 32 5 il 5 A 0F 5% SRk A i
152 B A5 L 5 960 R 8 A R 9 B2 T T SR AR O i A
4 2% i S
AL TR BR PR LR R T i AR AR AP 7 o

-—o—Temperature:7.888609052210118 1E-31[C]

stress/MPa
= v
T

wn
T

/.

1 1 1 1 1 ]
0 01 02 03 04 05 06 07

strain/(m-m™")

7 ALIRE AN A7 1AL 2

(=}

T IR BRTE ) 0 ) 2 R 22 A [ Be A3 168 4 o
22 AHIIRAR B B P I IR & W B BUECIC, TRt
BT BOM G 5 98 1 I AR 5 0ok O JE RE L 2EA
BOE AL B B 1 TR 65 B0 40 A R G S, IV )
SRR

2% vh 7 JRE A 158 SR Q235 4, 5 R T AR @
7960 mm, BEJE ¢ 2 mm, [ h O 25 mm, MIPER 4
5 T 4B i A A T i, P TR B RS B M 4 i LR
PEASIE T SR Wb i BB S . 745 T BRI B Y
A FLA G S, 2 v S JRE 2 7 TR PRI AR 8 BT o

K8 Zeih s 4R A

3.2 HEMXZENMEEE ST

5 AN AR oS R S A B, B 1R S M
(Y BEE 5 2 K015 o 0. 2 R 48 2 4% 0. 15101
SXf TR A SR P T S T s Sl 43, 85 R TR s R~ ik
SE 9 10 mm , 28 oS I PR A SR T solid
%, WOAR ) 4325 SR AN P 9 BT

K9 AR S 5y

by T SR FH P Ml TE U, F S T Ak
BERBAR B H) 3 2R 9.9 m/s, Jiti fin A o H 77 i i
£ il 5L #F Ls-PrePost W4T K ST B AH B 9 1&
S, R 7 i S T ) 30 TR 5 A RE SR AT 4 UK
Fi 7 MAT_CRUSHABLE_FOAM"'" | 565 ¥ tn 3 2
FIim o
=2 WABRELSH

B/ (g-em ™) AR SfPERTE/GPa F LR J1/ MPa
0.37 0.3 1.2 10

3.3 ZMBSWERITIE

ABEFOR BEE LGP K SO AE] LS-DYNA i 3f:
PEAT TS, 45 27 22 b S 04 B0 1A Bk v o0 BT 45 R A
2.7 ms F13.3 ms BN = NP 10 i

Fringe Levels

4.331e+08
3.903¢+08
3.4766+08_
3.0486+08_
2.6206+08_
2.193¢+08
1.7656+08_
1.337¢+08_
9.098¢+07
4.821e+07
5.4506+06 1

(a)2.7ms

Fringe Levels
4.270e+08
3.848e+08
3.426e+08 _|
3.003e+08 _
2.581e+08 _
2.159¢+08
1.737¢+08 1
1.315¢+08 _
8.932e+07
4.712e+07
4.914e+06

(b)3.3ms

P10 i G o S e i A4 I 2 157 5 25 ]



. 1436 - Hl H

™ % %34 %

AT A G oS A A A B v AR 7 A B R R
J174 433 MPa, N 3 {8 LU ELHE B VR vh i R AR 20 ]
L2 w32 AR ) AR TE R BETH AR 18 20 v o E A 0
T XA AR ) LA e R A

G rh S REHZR AN 11 R

_—o—Temperature:7.8886090522101181E—3 1[C]

stress/MPa

0 01 02 03 04 05 06 07
t/ms

BLL G s RE 24

ML ] AT i ke (B A #iZR) W hE
ARG TGN, AR 2 i K, 32 2 fig i H HRE ]
(R B k) W, Jm Seib i Pt — P 58 g 52
JRE B £ R BT T

4 LERE

(1) 20kt e B AR AR A B 1, IS
T, LI MY e B R R R PR I 25 Rl R
INFIAE P AEAEDR B R G BT oK, G B SR
B

(2) AW 55 45 fE A B 78 52 A EI] Workbench T (1)
LS-DYNA # bk i iy DTM %o H: 1t 47 Bk % wh o 20 #r, 49
BT & BRACVARAE B2 BV B G I, A6 A A I R 45 44 3
BN 87 S = 6 Y LN R A B LN = R

(3) AHIF 5T % 25 ¥ E A7 ik, 7 R MR AR 47 5
G S RIS PRI TR 30T, o3 4 SR SRS fn
S I 7 A I AR AR B ik Iy T AR B o R i SR Y

A5 AR

ARTEWCRETH AL 1 R0 il RE B DA 1 Ml TR XS R A Y B
Herhidi o ABFFEAE R AT R SRR E A B R
LI HE S AEOR S

£ % Lk ( References) :

(1] ZFEER GBI AR BMEe 5K,
2016,1(2) :4647.

(2] JEUKE. & 2850 T b o Dt B 43 A B T Bl 2 4 78 BT
(1] BRI 5 ,2013,24(2) :11-12.

(3] AW . h B R GRS [ M. ds: R
R, 2016.

(4] @&FHE. W3R TSR R AR5
[D]. %5 BB ENIE TR B ,2013.

(5] W/NG ARTCH, 2Rk, 28 SO iAcE Bl oo 05 5 5 4007
[J]. ®HLIEIT,2011,31(2) :4547.

[6] GB50096-2011. e A [ ILF [ [E ZARMEAE B R I
B[S ], et h ERRE T ik, 2011,

(7] Jrifgide, 382846, W0 B FUIT A8 M vh R i e (A 2% far 4
MriT]. e 424 ,2012,43(1) :167-170.

[8] ¥ J5,&kW.5E I, % 0 HRCERRIAEST[T].
PR ,2011,36(9) 11524-1527.

(9] EHA. FHKAERKBIESURID]. F 5.5 HFHE
KFHLH THRFBE,2014.

[10]  EARfr, AN, 2T AWE PrR RS T M PRIE H0R 2514
A IRITTRA S HTT] . K 8 A ,2005,1(2) :10-15.

(117 ZBmEE, Sop ik, X2EE. 67 ol 82 shaCRUE s 25 W b
SHRE B ASE 00 40 BT e AR AR [T . w1l LA, 2012, 40
(7) :120-123.

[12]  JFEiEoT, 7. LR = IR 45 H K e ke &
Vet SRR BT [T ], TR IH#4¢,2009,16 (3)
191-195.

[4miR. ok 5%

Tt S HL T B AR IR R SRR A RS vh i AT [ T]. LA TR ,2017,34 (12) 1432 - 1436.

LI Song-mei, JING Xiu-min, WANG Yong, et al. Analysis on the fall shock of the urban emergency evacuation device[ J]. Journal of Mechanical & Electrical

Engineering, 2017,34(12) :1432 - 1436.

CHLHL THE Y 247 - hitp : //www. meem. com. cn





