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An Improved Grey Relation Model of Safety Evaluations of Evacuation
from High-rise Building Fires

HE Jia-peng, ZHANG Ye
(College of Urban Construction and Safety Engineering, Nanjing University of Technology, Nanjing 210009, P. R. China)

Abstract: Based on a study of the time-process of individual evacuees in high-rise building fires, we found that
the low-security influencing factor will affect the possibility of successful evacuation severely. The traditional
grey relational grade cannot reflect the effect of the grey relational coefficient fluctuation. Moreover, the single
weight calculation with a subjective or objective weight will also directly affect the evaluation result of safe
evacuation during high-rise building fires. Based on these analyses, the grey Euclid relative grade was applied to
indicate the effect of the grey relational coefficient fluctuation. The Spearman correlative rating coefficient was
used to combine the subjective and objective weights to eliminate the deficiency of the single weight case. We
discuss the possibility of applying the improved grey relational evaluation. Comparing the evaluation results, we
found that the weight combination and grey Euclid relation applied in a safety evaluation model can improve
evaluation result accuracy. The evaluation model thus corresponds to the characteristics of high-rise building
fires and the weight set substantially affects the evaluation result.

Key words:improved grey relation; high-rise building; safe evacuation; evaluation

HT T i 2 K TR 2 A g IR T R R ) A2 R
P ARMEXT P A R AT i fe . BT LAl DU — 418 i
1 2 S SR K IR g B S O © A S 2 B N R
A B IR A ST 20 b i 2 I SRR B L Atk
BU o T T LR AR R ST I A o S 2 1 O
WK JEE & 3 73 4 4 55 GO AR VEAl Xk 5 rp 4R B K S s
BRSO B TR 28, 45 1 358 B9 4R H e 1 L AR S

* WA H . 2008-05-22
FATH LI H AR I 4 (2008369)

PEAEARNZ 2RSSR, BB Hir RSN T 2
FYGREE 4,
TEVAG BRI R AT o DEEAR KUK B 70 W 1155 0
KD PR
= %ﬁ]sﬂ.m (D

e g (RS j DFEA RS S AR MER S Z 18] 1)

YEF A AT (1957-) . 55 0%, BB R RGP HEMH B AT 5 . (E-maiD zhangye. 2002@163. com,

http://aks.cqu.edu.cn



136 TREAKRF IR % 30 &

RIR AR B m JE 45 PRALFEAS A9 52 00 D 3R A5

HE D7 PIAE W1 BRI - D7 2 2 KK %
RS R S IR B AR A — 20,
{ELSR P2 G I 82 1) 05 0 55 A 7 Ji A K (8 SR BB
BE 3 N A R A R, 2) R

D80 G BREFARAS , Tl K e R B &0 o) 0] 38 B »

I I R 2 A8 b Bt (1) 7 BB S B 45 5 0 S 1
M (0 ST B

1 & B %% A At )

B AR AR 1 AR A A0 w1 b # T 2 4
G LS (] CASET) F i 22 %2 4 i ] (RSET) . HA7 24 /i
HARTIEHEE AR LE A GHIE. RSET B 5
TE UG B[R] BL B Sl ) 7 AL AR B O 4 B R
P16 N B b i HUORS 3 i A — Bt ), bt g 1 2
PSS A T ES NNyt O N R e i S g T
FAS N BB B ()75 A 22 B2 B ) — 2
SN A N UL — )2 1 0 B[R] AN S —
FEAY , — JBEHR L AR R R B . B 5 KRR R 4
ARG K N BB A DR B % ST
(i AR PR S R R A 56, i X RN i) 7R — A, <A
NS IS [i) 8 FF st A R R 26 1 A N o s i)
(K e 5 Y s AT T A 4 3 Sl AR 3 L S 0 A
PN BURFE B S N  HE S B R G A R
FRFBREREA XY,

1 J2 BB KR A B — A SR A R R
Hp A R 3R 0 22 A M O A1 S K g HICERE ) R A B
BB FERE M o X — AR ORAR B B
e A B AR 32 ] T KT S AR 5 ) e ™ A R R
T3 AN MK 3 QL) B 43 BT H A5 0 L 4% S 1 2R B0 sl % 2%
KGR (A 5 ) T L X — F i 5 R AR EE A G
S N N R R T S S 2 e i B o T = 5 1
%A I Z R I R B 8 .

2 M IR

X P KT — R R (2) BT 19 7 o AT
Bk

Tjo = z’wj(k)sjo(/@) (2)
k=1

vy (o) 45 5 SRR R KL &0 (R XN A AN T
2.1 E BALIEA T i AR

FI RIS B9 77 35 AT 0 D P26« 2 AR 5 9 A
RUKARL 73 o F2 URASIE I O AT Y AR o2 45 2 45

FAE X T PEAN H AR 0 A G H R B i A . X A A
Xof B R R UL AE A I ORI T B A 3 A
Wk AR AT o B L IRA 2 A AR 1 R /N IR T & TR
T br a8 VEE A i B BB BE A AR K . i R AR bR
[ 45 J& 1 B A7 7 22 5 80K A2 4 s 19 A T (8 0 3
B,

FWLIRAS T2 B 1 3 WA 3% 1y = 08 ] Wy v A7 7
(4 Bl G S (H A 5 TS bRAS B 1 T SR BT L 15 B AL
AL Z VLR Ty . Ry TR R B AR R A L ek
A B — R WA E R A R R E K
WAHZE A A A A k. AL RE . HhARE
B 2 50 2 LI AS 1 7 32 o LU ) e AN () oy 76 7%
BN R A — B e A S AEE
2.2 HERRIASNENR

—MAES G O W R R B SR A O R
AT R BT A ANy ik =2 e — B, —
FOME R LG, W] DA A7 A5 W) A S A O KU
WA 7 . Wi R B SERM L RBOTE L
7

m
6 2 day?
k=1

o = 1—['7} (3)

(m* —m)
KHou W a FVEWFTIESE 0 MEWHEZ
V] P 30T 2 R 2 S A e R B e TR 5B b DR IR
a B EW T ERCE TS 5 0 g W7 A E HE Y
(EPE=X
i 3ok A 4 R O FR B B R AR B I FE o, - A0
R ow=p FR —BVER LI AET LUEZ . R
BOWRAL T 5 a FAJ5 5 b Z ] 307 B2 R = A8 R O &
B B B KA H 36 TR R A 5 v 5 Ay )
B IR 2 S5 AR K R B AU L % ) 3 — Ak ik
LA BE EACET] (B Bo s s v oo s fus) s R (DB
HENHAE ™,
oo ot
Bus) o [ : : : i ]
Natb.1

w = (‘81 PosfBsscee
Natboj "0 Natbom

5
X o TR BEIE a0 NIRRT 115
B m AR AE.

3 TRAL K BRE 6 Bt

AR 1 300 A 2D ASRE S W% i S IR 28 B0 30
(ELXH SR IR JBE A 82 i o O LA IHg Ak P AR X I L B 00 a2
oK S e A% S BB 28 501 1) 902 S {8 S IR 23 B B

e,

http://aks.cqu.edu.cn



% 544 TEL.F . H5EERAKREARIM KR EBFIFHEHERY 137

KHE)Z U: {ul 9u25"'9uka"'9um}9A\B 7El'l‘: U E@W
IR RAE N AB Z 18] By AR RO B0 3T B N
(A.BYW 7R K

o =1-— {i[éjo(k) —1F e} D
k=1

BREARI] X, S Xo 764 50 R R

m /2 S@IE,o(/e)PI‘EXﬂL?EEiE(Z)??fﬂ?éE?EE Tjo EI"J{EZZ?J{E?‘J
JZ[U,JW—UB(W?L

N(A,B) =1— (5) e (k) = & (k) — 1 (8
1 m J B4 & GO AT LLINTR K01
S IR A, = (650 (1) 4650 (2) 50060 (R) 5201 &5 €0 (k) = rpy +ep (k) (9
)b R X, 5 X MK & XM B, g &R i
X, 55 X, MK B X, 5 X, ek 2en B k) =0 a0

RGN By={1.1,, 1} N ROL P 2 i 5 BT LA (7D L (9) L (1O B ] DIAS 5]

35 Mk Sk B 1 5 (2) LA 2RO an R -
ro = 1—{ DI[A, (6 (k) — Bi(&u (k)T + wl) |
k=1
(6)

ro=1—{>[r0 +enk) — 17 «w(k) )
r=1
= 1= [ D wk) « (g — D4 DJwk) v g5 (B) +2(rj — 1)« D> w(k) « g5 (B
k=1 k=1 k=1

= 1—[(rj — D>+ D wlk) « g5 ()] (1
k=1

D K A H A WOL B AE A G IR BE LB Ik PIRR DTk LT PG — A e J2 I R A KR 2 4 g R
SRIB Y 23 BR: MUY R A XS X AR AR PE R . BB RRIEEII LR 1 AR ERA S5 A Mo

R 8T REA B 5 45 HE RS AE & 1510 R I R
BRI 70 X} ST BE (52 0 L 17 EL 25 18 T 4% DR 1Bk
ZHCE B €0 (o) X TR B A 520

N 3 O S = =1l = oy 9 2 a2 b S A A
GB50045—95 Fl € kK A 8 i & R 4 & iF i)
GB50116—98, i A5 — &B 4 B4 >k B 1 AMF 5% 3 1 5K

. M B (Ui Fruin, Fahy, Proulx) ., & MBiZFEUEFEA
4 F A5
e B E % 2.
AR SOR 2H AR R £ R S DR L HE A T A 5 B66 BEE ) 53X
A1 ARfE#5

— R R TR E R R4 4 e i N AN A L ¥ DA
MRS I BE D 20 25 30 35 40 °
i HACH T8 T 1.9 1.7 1.4 1.3 1.1 m
e e B B 8 ] = 9 1.5 1.3 1.1 1.0 0.9 m
N 2 B 35 30 24 10 5 7 1
o K B A B 24 26 29 35 40 m
A S 1A 5 4 3 2 1 A

1) # H Fahy, Rita F,. & Guylene Proulx. Toward creating a database on delay times to start evacuation and walking speeds for
use in evacuation modeling, Proceedings of the second international symposium human behaviour in fire, MIT, Cambridge.

2) RTREIRARED S BT 21 A =0 2 Ry 7 4n R B 1) — 38 23

k2 HAHKZ

ESLEE
—FAFE R R AU P S PTHEA 3 B 5 O i XK ARHE HEHELHE
KKRTL
(40 1.9 1.5 30 (410001
FE A K1 (3251) (33 (250.5) (24
24 2) 34)

WA BT Ry I R (R o 2 R 4 B
5 W2 o T 1 5 R E RS AiE T ALB,

G Bz 7R S 5 TS 1 E 2% R I AL
PR 38 A WA T 5 02 2 U BT TR AR 2

http://aks.cqu.edu.cn



138 TREAKRF IR % 30 &

C.EVHEMWAE M B2 /R & FFM K RE oo = BEERVHZR I PTEG R HAE .

0.250 5.ppc = 0. 344 2 HB K T 5 G4 AH OC & Bobs i (H A A e Ay

0.036 84 H. pme = opc » 7 13 2B IE KL 18] B (Bas B w = (BapBusfrc) * |Bi Bs -+ Bu| (12)
Brc)=1(0.32370.50310.173 2) 4% (12) 315415 C, C, - Cy

FIMAGNEENE I IR K3 PTEAGHE T RKAE
A3 HREBERE

—APAS I % ———— ST % T B Hb
iy HA N E KA 20 A A HAENE

R Hoh bk g 0.117 3 0.144 9 0.038 5

Bt BIE 18 P8 0.102 5 0.14 0.033 8

. , AN e 0.115 0 0.136 0.036 2
HRAMEIE 03599 bl 7 2. 1 1] 0.295 7 0.223 5 0.063 2
o KB O B 0.195 4 0.191 7 0.049 2

AR AR 0.174 1 0.163 9 0.042 7

3 AEE I GES 0.350 5 0.268 3 0.034 1

B7 K 43 R 0.161 6 0.169 3 0.026 3

BHL 2k 5 577 HE 4 0.110 1 0.149 3 7 ki 0.213 3 0.223 6 0.031 4
i TH A 0.161 6 0.182 0.027 4

BRI BT K 55 2R 0.112 9 0.156 2 0.024 6

a0 L T B 0.310 8 0.324 4 0.043 9

T8 Bl B A it 0.093 5 0.122 9 Hk RS 0.195 8 0.258 6 0.033 5
TH By 0.493 4 0.417 0.056 3

K K F G 0,148 4 0142 9 E PO &3 0.333 3 0.395 7 0.055 8
P& EXN 0.666 7 0.604 3 0.091 7

IR TN 0.25 0.268 0.039 6

AR HZE 0.209 9 0.186 1 N A TS E 0.5 0.414 5 0.079 2
N i 0.25 0.317 5 0.062 2

3 T H 0.098 1 0.116 6 il‘ﬁlég%‘%ffﬁfc 0.75 0.631 2 0.078 5
EREE Ay e 0.25 0.368 8 0.052 7

SR A S B B 45 T 2 (GR(2)) T4 A A 46 (3R 3) 105 IR SR Bk B L 45 21 1 S 166 B R 1R Ak 2 in 36 4
7R o
F 4 —BImAR R A B AR R B R R E R

— A R RSB BE B Pl A — N B BE B DAl 55 %
s (0.749 2 0.691 7 0.579 8 0.544 0 0.493 9)
T4 B R i .
%4
. (0.677 50.896 4 0.734 3 0.540 3 0.413 1)
BH ¢ 5 B HE 4R .
L4
R (0.473 6 0.641 7 0.705 3 0.623 6 0. 682 6)
W B B LR it ) .
— (0.627 00.714 2 0.678 1 0.558 4 0,457 8)
i ~(0.33330.50001.000 0 0.500 0 0.333 3) Ly
FENREK KRS i
— %
. (0.851 0 0.861 8 0.566 4 0.452 4 0.359 0)
ANRHE o
Ghx
N — (0.431 7 0.639 30.600 0 0.789 3 0.501 7)
E HE
N4

IR 4 AR — SOV R REA X 2 RRIE L, 2Rl T B a7 A IR
SFEY G ARMGAE AR KOOSR BETH SR I (R AU H 0,493 4 FER] 1 0. 417700 TH O R S8 7 BIALE
5 RBHBIBEORE X A — S N R A BT T Lk TR AR A R R R /T

http://aks.cqu.edu.cn



%5 T EM, 5. 5 B KR %A A R R R BEIRfEAREA 139
I, I L3 i 20 A T 3 1T DAGE 2 ) B A R A5 WMRWELERE
5 25 1 B AR X ROL B A O B B 1k (50 (1)) SRR LA AR i LA AT T IS
A AT S (3R 3) 115545 3 KR UJL L4 ¢ 1 1 I PR A L LA R 2 o
o . B 2k 5 B k0 24 e
HKFE 6 S o
FRIE 6 Fim 4 B B B it B4 —
LS PO EEN — i — i
NAHZ R4 T4
R N A4

(6 —HBBRILEBARER BRIV EIELHEERLIFFEFR
— AR TG RKL A S KB VA A — G WK L HE A S K B VA A5
. . (0.629 4 0.628 4 0.565 7 0.493 2 0.440 2)
T4 B LR .
R4
. (0.641 2 0.824 2 0.702 5 0.533 3 0.410 9
BH 5 B HE KH .
e
_ - (0.456 7 0.568 5 0.635 3 0.616 6 0.582 6)
TH Bl B B it _
— g (0.547 56 0.632 79 0.629 48 0.521 41 0. 423 22)
. - (0.33330.500 0 1.000 0 0.500 0 0.333 3) g4
ENME K KRG
— %
g (0.802 2 0.7854 0.561 4 0.450 7 0.358 6)
ANRHEZE P
%4
N (0.417 30.546 0 0. 600 0 0.653 0 0.485 3)
[E] b
N4

BIRE 2R 4 ProsfFE . H R AR K
1 G Ak R 3R 7 A 10 5 0 58 T Rt i SQ IR EE AR R
W1 o o DI AlE 2R E XER K P DR 3R 9 A7 7 S
SRAF G BN — B A Gt B AR A i R A
A Ao T A A B K (8 TR L L R S Kl e B O A
o B AR K 19 DR 2 A o NS 48] rb ol L A BR A
1o )2 S K e g BV FP IR ) RS A O A R
AT .

D)l FH 3 K 7R S 21 A AUE VR 2 2 AU B F %
WUASCEE L e R R 1 AL P o Af P A e B — {68 ]
WL B WLIGAS T 3 R R T Y B T PR A A5 OR
2 WD A5 (39 TR A 5 32 X 9P Ay 45 SR A AR K 1 52
A 0 AR B W VR R ) A A

2 PR X B TL R A O T R o R S BB BE
A FE M T IRUK S 28 3OAS BE B ke 2% i S 1 A i 2l
BRBE o T34 R T T 22 A P DR 3R A A7 A6 A
JOE A SR IR BT B ROt 1 K SR K B S RE 2R AR % &
PR 2 R0 B H R J2 T SR O 2 A R AL

3) L SR — A R AP AG I R AR AT LA
N — TS VA 25 08 B R = A I KB B A Ok
P RS2 PR D0 Bl U B S R B — B B BN B
MREE ) 58 2% 1 2 AN [ 1) o T DA e TR KA A2 e A g

BN DB T D X A N [ Py 900 9 57 B O 1 240 ) 4 4
GRS A 2

B K

L1 3R AnT 52 MG 380 5 2 1 30 I v 22 2 i B 3F #4017

(7. oh 22 2B 2442, 2006, 16 (8) 1 115-118.

ZHANG Ye, HE Jia-peng, XIE Juan. Assessment and
Analysis on Safe Evacuation from the Fire in High-rise
Buildings[J]. China Safety Science Journal, 2006, 16 (8):
115-118.

M AR R A IR AR A R R ML Je st R
2 AL, 2005,
XIAO Xin-ping. SONG Zhong-min, LI Feng. Base and

[2]

Application of Grey Technology [ M ]. Beijing: Science
Press, 2005.

[37] Purser DA, Bensilum M. Quantification of behaviors for

engineering design standards and escape time calculations

[J]. Safety Science, 2001, 38: 157-182.

(4] 3k %, s AR, AR L0k, v 2 2 30 0 T s 57058 X5 B HE
MM b5t b 50 ol i A, 2005,
ZHANG Ji-guang, SHI CUI
Ventilation and Smoke Control of Tall Building and
Substructurel M. Beijing: China Architecture &. Building
Press, 2005.

Zi-qiang , Hong-she.

(F4% 152 70

http://aks.cqu.edu.cn



152 T R EHR

X F F Ik % 30 %

[M]. Beijing: Science Press, 2002,

(4] E3CTE, B, FIEA, 55, BER) 2 85 8 be i 5k i~

WIE AL =i ()], s E R Pl TR 2, 2005,
25(18): 116-120.
WANG Wenlong, LUO Zhongyang. SHI Zhenglun, et al.
Thermodynamic study on formation mechanism of coal ash
minerals at high calcium content in PCC boilers [ ] ].
Proceedings of the CSEE, 2005, 25(18): 116-120.

(5] s B2 1 45 8 KK (9 AR AR AR AE 5 /K AR AR HELT . R B R 2%
24,2003, 31(12): 1440-1 443,

SHI Huisheng. Research on intrinsic characteristics and
hydration properties of fly ash with high calcium oxide[J].
Journal of Tongji University,2003,31(12) . 1440-1 443.

(6] Jii B2k & 850 M IR AR /K Y v & 4 2 1 Tl A i 4 L .
JKIe, 1997(5): 3-6.

SHI Huisheng. Study on the problems of high calcium fly
ash as cement admixture[ J]. Cement, 1997(5): 3-6.

L7 A tA. B Rt R H A MK B8 & R 5 (D], TR
PR KA. 20086,

YANG Juan. Study on properties and utilization of additive

of cement of ashes from fluidized bed combustion[ D].

(E3#% 139 30

(5] TR, EE. ZRg 8N h ima G RACHAERLT ], 24
SR #H.2001,1(6) :31-34.
CHENG Wei-min, XIN Song. Indices Combination and
Variety Weight of Comprehensive Safety Assessment[]].
Journal of Safety and Environment,2001,1(6) :31-34.

(61 sk/Na 2 mesh. B e 2 S8 LML Wi 7L i T R 24
41,1998,
ZHANG Xiao-di, LI Xiao-zhong.
Applied Statistic [ M .
Press, 1998.

L7] bk, o Ay 5 2. R EROJL B AECH L] 77 R
AR CH AR IR . 1998.23(1) :10-13.
ZHAO Yan-lin, WEI Shu-ying, MEI Zhan-xin.
Euclid Relation Grade[]J]. Journal of Guanxi University
(Nat Sci ED. ),1998,23(1):10-13.

(8] H MUAL. A K 2 A R J ML pu i g 1] R 2% AR
11,1994,
HU Su-li. The Application of Fuzzing Mathematics[ M ].

The Introduction of

Zhejiang: Zhejiang University

Grey

Sichuan: Sichuan University Press, 1994,

Chongqing: Chongqing University, 2006.

(8] FhEFE . KBRS, AR SOl BRIE M ML 5 [T,
He2EA 2006(12) ; 664-667.
SUN Henghu, ZHENG Juanrong. Study on volcanic ash
reactivity of coal cinder at about 900°C [ ] .
China Coal Society, 2000(12): 664-667.

[9] S TISMAS, A MOUSATSOU. High-calcium fly ash as the

Journal of

fourth constituent in concrete: problems, solutions and
perspectives[ J]. Cement & Concrete Composites, 2005,
27, 231-237.

[10] V G PAPADAKIS. Effect of fly ash on Portland cement
systems Part II. High-calcium fly ash[J]. Cement and
Concrete Research, 2000, 30:1 647-1 654.

CULT AR, el . s 45 B0 I TR o b A 538 38 R T 447 M g
[J]. iR+, 2004(11); 31-34.

MU Dapeng, YAN Peiyu. Strength and drying shrinkage

of concrete containing high calcium fly ash[J]. Concrete,

2004(11): 31-34.

(m#E 3 %)

(9] EFEIF . FmAn. B frksig M. Jbat . i | AR K2
HRAL L 1990,
WANG Lian-feng, XU Shi-bo. The Introduction of
Analytic Hierarchy Process| M ]. Beijing: China Renmin
University Press, 1990.
[10] XIE Juan, HE Jia-peng, ZHANG Ye. Fuzzy Synthesis
Assessment Analysis of Safety Evacuation in Subway
[ C]//Progress
Technology (VOL. VD), Beijing: Science Press USA Inc.
2006:338-341.
(11 E 5. ok 4 B £ VA P il G AR 1) o 1 LA 5 3%
PR ] L Tolk K 22441, 2001, 30(2) : 52-57.
WANG Jing, ZHANG Jin-suo.

Methods

Station Fire in Safety Science and

Comparing Several
Vector
Hebei

of Assuring Weight
R
Technology,2001,30(2) :52-57.

in Synthetical

Evaluation Journal of University of

(it 9 %)

http://aks.cqu.edu.cn



	建大学报0805 135
	建大学报0805 136
	建大学报0805 137
	建大学报0805 138
	建大学报0805 139
	建大学报0805 152



