H31EE2 M jeo g 2% Vol. 31 No.2
2016 44 H JOURNAL OF CATASTROPHOLOGY Apr. 2016

WY, saltde, Feadfh, 5. AR ZEEE T iR R BIR S R BE T[], KES:, 2016, 31(2) . 37 -41,
46. [ Tong Xiao, Peng Jianbing, Qiao Jianwei, et al. The Numerical Analysis of the Building Failure Process under the Action of Dif-
ferent Angle Ground Fissures[J]. Journal of Catastrophology, 2016, 31(2). 37 -41, 46. ]

AEMAMREERTHEEEZFNY
IR R B E ST

BOE, gAY, FEE, TEA

(1 KZRYy B TRE M A Re, BRPE P44 7100545
2. VYRR BTIR G R T AR IR SRR, BV P2 710054 )

A OE: REHRGE T 2 TEPEE R R AR AL IR b, ZAE )™ HR 0 G [ S B e A
MG 2R ICE P A, TR ZRRET, MR T2 a FH A THS IR b R WY BN, HREER) iz
S IR, OGRS HER, BEE I A AR, b S B PR AR B N R o e T ORL R K (R
IR, MRS O REEAE TR b R ST ORI R AT T AL 0 BT, 33X hy B 24 X R S ) IR
PUELR AL T RUESERE , oo TR R E BB TR 2%

R HREE; DIRESY); BN RO ORI KBUET

RE S X43; U57.2; TU311.2 XEkbRERG: A XEHS: 1000 -811X(2016)02 -0037 - 06

doi: 10.3969/j. issn. 1000 — 811X. 2016. 02. 008

M A R — R LR Y BB S TR M R R, L SRR A ER AL X 2 S 4 T R B R AR —
HORBIMRA R R 7E T 248 TE OF Bk s n e @R L 2R SCE T 90k 0 B0 380 07 v
Ja, TERIRSEEWE . HUT KO M 2K S A RPN PR b A [ 0 £ 2 48 X D R S
T, EF#MASEamELRERENESEE BB,

BB Y — B TR I,

AL TS T AL SRR, B 1 ERESYRIEIREE

7 BT B0 A T3 A T 4 {446 4 7 A R

BB, b VE T R & S R A R

F 1960 4Lk, REMRZH)T, LHERE F2. MIEBRBE IR, &1~ E 3 s
JEHIX, ARZE R AR T 208, fE B F 2013 4F 7 H7E VG488 T B H A T Hh ek
LIRS A, B, WX A SRR T EEA R B R A IR
R B kBT AL T . LB A il
BTV, R, K. KR, vy, B —
SRR, TR ERRA AR E A K B
B, SRR B A IE R H RS E T R A
R AR B R S I 22 4 {1 JE L B T sl Lk 4
V)5, 334 ) BB 7 i o) 24 % 4 AN I S Ak 1 3R AT
I At 77l 5 24 b RS ) 1 A 7 AR T o

MO BB 1 0 ST K 2 S AR R LB
BIFRAE SN R PR, HSAA Bk, R
fH L Lb B Oy 5K, SRR R SRR, DL R

> j 2 TR

RN {L SIS
« Wk HE . 2015 -09 - 18 BEHM. 2015 -11 -14
FEETH: EHRRBEIEASTH (1212011120067 )
EE A W (1987 ), B, BRI, Mg, ERONFEHBRE L HAHTLAE. E-mail: tong@ chd. edu. cn
MIAER . BHIT(1953 ), 5, WIdURRIN, Ho%, ML in, TS TR S BT ICE DT,
E-mail; dicexy_ 1@ chd. edu. cn



38

b3

i

31 4%

2

. <y p——
., = —
| -1/ | I

K2 MELr

B3 T3

B LRI R B & E S MEMN bR
WA o PR EAA, PO T RGN -,
SEE M TR AU, SR R A T EA
TIEREE, Regydwy, e R K2
S LY A a2 3l i B LA R B R Y B R )
R B3 s B H £ 2 & ERVN
SEHLTAOT 228, M RAE /I BRI A 25 MRk
PN, U ZEE PN M T AR AN S ULRE, SRk
AKPEHIATIF 2L, TEE R T S AL H ORI e AR
HIET 2 ks

2 WAL TTIE

A SCHE 43 B R i PFC2D 84, PFC2D
( Particle Flow Code 2 Dimensions ) & ¢ & k7 i 5%
HERZ &, &M 3EE Ttasca Consulting Group Inc
TEARWEAE A, A i 22 43 B30 vk R e T 3
WIS A2 7, B2 A 1) A< kL
TEEH Y AR FE 25 B B B A Ty 2R, IR
Y EA A [ T 45 T ) B A M S Bk
TR Z A AR S 28 4k, & TR RR A &
A AR SR TR 58 5 JR Il i, D R JORE A t 31 ( KAz
) [, HRETZEAEE E N A 8 2 T &
BRFE s o ORI B S, A=A
ks, QEAR BRI mBCE, H R B Y H

R A A0 B DR 4 A ) ) B 77 B (0 AT LA
ARIOLRS R/ BAT IR @t TEATE
FASHORLT AU, BRI LIBR, SR XN R,
SR HBORE A B 103 L R 2 T 5 T A 0 28 08
RRA B

3 HESH
3.1 EERE

AR 1t 2 4 )¢ ] A s AR R 16 8] 45 0
BUEASKS B D7, — i (AR T 119 2 100 R 245 #y
SURRE AT 2548 o )M (14 7T i 56t J32 46 g T T 437 56 J3E
RA, DRIL, WM 2544 A 1 T 2R 52 Bl /) g
O IETT, MR SZ R A — B R TG A
PRI, REhmth, =&+, Kt BA. Rt
AR B T AP SR . X TR R A A R
PURSRBER S, TR MPTE R 1 8K, &5 1
P, JR T HRAERIZE Y . AR SCRUE VT 58 R T A9 A
ROUR R AE 4 frose AR RS 10 m x5
m, HIEONFIPAA, RoF8 mx0.5 m, FHY)
A i, RPN S mx3 m,

y/m

3.5

0.5
B 1
OER2 5848 S

x/m

-5

B4 pRAERYEILREE

FE PFC2D v, UKL ZH B 25 Ff ) S5 ) ) 24k
JoR R AURE 18] 9 12 Al A58 000 DR S 1), 426 Ml A 2
DUWIBERRTY SRR T REAS AT IR
TSl 3 AR X288 22 ) ) M S AR5 T SRR T R
e 1) 3 FY) 1) g 22 (6] 5 5764 P A 42 ik ok (A AR Xof
BRI R R RE 1 3% 1 S A9 e 1 i
BRI ERKA . WIRERE R 73 S WA . 2R A TR A
Hertz-Mindlin #47  ¥ SRR P42 filh 5244 19 74
FEREYE, SR BRI 5T U0 7 0077 2K, A 5k B 0 ik
SR, FEAVFR SN IZER ARG, BRAE
BUE THRMRNES . T SR RLR B 5 AR BOR E o
VEE 5 2R R P V14 ik 552 A o e/ R IR A BE 4 AR
o BHEVBETR EEA PR MBS AT
ROANETY b B 4G BT A Ak, AT AR B —
s TR AR RUZ A RS (B 808 B 2K
1) EREAT RS, AU B — A R — A S
PSRN R L] I 30T o AR SCBCELTH 3 e MY
SEARNERE A i B A5 TY . X TR M =
AT EE SR WAL AR/ m FBORE Y
e/ (kg + m ™) o UL AR BN, RS PR T



24 W, &% NEHBUHHREEVE T by = S i R 1 A A B (A7 39

R, AL R s, HEHTiEm
IBRREST BRI, SR FHHE /0N B R 2 42 37 A A
RUZRFERT B R, AsGld ZwilE, YEEh
0.025 m B, REREFRUEIZ S5 RIHERPE, XHBTE
BB ] AR B A5 5 =R R A R Y
o B 1k TR S A B 7E 1 fih B 4 A AR
e, AU S BT B WA R E kn/ (N
m™") . VIR ks/ (N m™") | Bk EE4 R E o
_ bond/N FIY] [ Zh4550 B s_ bond/N, JURLAY K E
R AT, W RE S TR AORHEE A2 7 B HR BT R
WASTEIRE ST, MR AR TE M ) B2 B i R AIE
S A A R e AL R T A A5 3 e g
TERE TRIE S8R, X T ES B E, 17
WURLIR R B A AR A o — R % R 58 AU I
BT F AL 1 T v ok i o i B S AN W 2 R
# n_ bond Fl s_ bond EUE, Y0
iR AR I6 fh W) o 1k AR SC i A E A Y
B FhAS R S, B TR R b 0 2k 4
JE 9 2.0 x 105/N"0 SR F ot J35 25 Ll 4 /)N 4 7 Y
FESRURAIERE (OB S5RE, BUETH R an R 1
FEs

N T B A s S O, o AR AR Y
ARSI S X 5 K- RE RS 23R, DL SE BB AU 7R
TPl A B R A AR, FEHBZEAE T SIRE E N Y
J7 ) B s E ) B Y SR AE S R Bl 8, T AE Hb 2 4k
b i AR R A ] R U R A% ST
[ SO ey IR VA > = G e o N R B i RS A 2
i F 43 5 A 30°, 60°, 90°, HbZI4% 2 N 4%,
A E& TFREBIRR G, s RAE T
%3 em, TR 1 h hoEm, FE23 h g,
AT F—K NRE. FRERE R 10 d, LR FE 30
em, FRESEHE kST B B SN KA AR Ak
ik, REERE R BB IR AL RE = R AS [0 A 1) M
ZABERUERTNIE S PR .
3.2 ZRAW

K6 & =Fh TOLM i RIC A, Hfa~c

Sy M A FA A 300t L B DIRE R 4R 3 3 em, 15
cm 130 em PRI E . d ~ Ry HbZEE A N
60°1} b #TRE R /3 8 3 em . 15 em F1 30 cm fY
BERIEEML R, b~ IS FA ol 90° i) b 15T I
AR 3 em, 15 em F130 em [REEM0E . B
HHHEEN AW, I 1 d45fE, DR
3 em, =P TOLNERAE LA TR, HURAE A
TR 5 A T A, =R O 55 R R b 3
AR K AR, IREEE S d 45, ViR 15
em, 90°HuZLEMBE A T M R AR, =R T
TREEARBAR IR, MBS R EE AR K, SEER AR 10d
SEHS . UL 30em, 90° 32 4% (1 Ik 3 ity
P HThisk BEAK, A4 TRk miIR, 90° HiZ4E K
BRARG MR 2 CUORWT I, BRI EE . 60° M B Ak
BB A R 2 AR IR . 30° Ml 23 4% 17 355 1A R 4
AN

WS BAE I LLUE B, XTI PR S A
X LIMETEASIE Jy R AR, PG b2 EE )2 B,
F T H 28 4 W 0 ) A R A R ST TTRE, bR
SeRAMRE, KA, 2T Ok
KA, HFEAE A A S oy 2 B & 55 7 19AE
TRAEBIN IR EE L R PIREIR O . MR Gs
Fa (R B (AR Bt A O o (R 8 0, i e R AR R, Y
i bk B — 2 f BE R, SRR G - A ok e e
12 25 b 25 T 14 A T R R e P i, S R
ATt 8 1) o S5k AR PR T o

TE=Fp oA, AR 90° 1AK% 1A 1 Hh L o SRR
FEf o T, A 30° [ 55 1A RN M I 0 IR R R g
o DX 2 A AN Y AR OR 2 AT U
FEH LG8 WO A 1 AR AR X B sh B i AR vh, b4
VRSN, S EEE Ty, FEAE ) S0l LA
B Rk, [l EE EE 48 sl 55 1T AR XA b
FrHitas, ERRH N XA EEE T AATE, — RAEH
FWTI M R AETE B A 0.1 em/4FE & 10 em/4E,
T SEBR T 350 W7 )23 199 16 2 180 238 8 R T b 2 1 0 19 %K
o TEFHZMIRAE S b ol LU ), MR f

®1 BEHESH

W/ kmRE

D) 1 W JEE

EN R Y SR D E AT S

FEORAER U0y i (Nm) ks (N/m) n_ bond/N s bond/N  BURLEAE/m
@ S 1800 1 x10° 1 x10° 1x10° 1x10° 0.025
® Bl fk 2200 1 x10 1 x10 1.5%x10° 2.0x10° 0.025
©) LA 2700 2.5 x10’ 2.5 x10’ 3 x10° 4.5 x10° 0.025

5 fwifa sy 300, 60°

90° fry = Fi Hh B 4E K (B A Y



40

F

H
<k

31 4%

i
SRS

T
s

B6 HREEVETIT b =Sy i iR

BN, TR A B AR, Xt R T S v Y
FEETTIE N o X T AN [R) BT AA 1) 3t 28 4, A i
R, FERTATE N, S EESETT IS N, A [
MULRER L T, MR IR R BOR, 2 8E Pl £
PRI S DU R, Sl SR 1) Tl R e B ™
JezZ, WU, SRR, 52 BE 45 T N R R
R, A R A TR B2 T, il 3R DT

AR P AR P ST N, T SR B R
FEREBAR M P T J& = Fh 00 A4 51 TR A
FLB, TS AE LA ) 90° Hi 4% Y 3th 1T AN 24 29 1L
RO, 30° Ml 4% 1Y Ml T A 35 S TR /o T LA
TEUREHE — B0, @AY SR EMFE LT, M
ZLAEMUAABOR, PRI BIR TR R

........... 90° b4k 90°
60° Hife4E ——— 60°
........... 30° MiZ4 — 30°

[l 7

Kl 8 Jyfbis i a1 b g, ARt R
SIS K HE AR AR O AL, 85 A A0 i ) IR 25
XTEEP 6 AL i, fiff 30° e P8 A A=W
A A 60° Ry UL 7R I 45 ARy S A 1L 5K
2, BRI R EE KSR, IF EHLAE T &
VAT LA B 90° Y M BETE b B BT At &
FERIBRIBT R, TR ) SR — A% ) b AR A

SRR U A SRR X L

fif, —ZK i R R A, X P 2% 4k 1t 90°
OMA . BARMIREET (hia g, HIE AR A C
SR TR B, EEAPER, X
JE 22 Bl I 18] A9 39 i T e, T LA =4 i 28 42 Dok 1
BEE LB, REIRA RSP IIR AT e
FEAR R A IR [] A A2 AR AR o



24 W, &% NEHBUHHREEVE T by = S i R 1 A A B (A7 41

90°

K8 =Fh LAY MR AT S

AR SCAE 3 248 9 VR A A9 R A L, R BORL
TR AN R BT A 114 3 SR8 4 X 2 SR 1) i I o e 47
TRUE T, THHLUT 4S5

(1) T HZeEE b 1 BAR LR 1M 3 B0 2R
SN LRI S TR, X2 i R ST R
2R

(2) — A R ICHT Y™ I 5 F 258 2l
U b L4 S A, B 2 A s Bl
WISk A, P AR IR

(3) — AT R I A ZE R B BG4, 24 22 5%
WA YN, BEE RN s, RRiR kA
1BURE, SRJG RS AR B ™ AR5k AL, A&y
RIFIEA

(4)fiiff 2 30°, 60°, 90° /Yy =Fp TL4L T, f
170 90° 1) M RS RT Id SR O AR AR B T B, A
Sy 30° 1 3t SR8 X S ) R R A

(5) ASH R A BIARSE R TG 9 e A5G T 2%
JEIERR AR RHDT R SR B, MIHTHL . P 5T 9 A
I, RORIPERE R 78 3 22 5% 1z Sl fe b )
Sy R BURE BRI, T X — 1
LA, BEIR SERE 2R T ARG vE, How 11
UESERE AL SRR, Rl 0 5T AT R VL A 8 2
WETEL T ARV OLT, AR AR WA
BHaSCGRPEASRE, BV A TR B8t B Ak, AT PR AIE b5
ERERYM . LR,

S 3K :

(1]

(2]

(3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

wke, sk, ik, & LA RFEIM] L.
Flegdihiat, 2012.
ERU. RN FENIIR SR M) 6% B
BRI A, 2000.
L, KR, TR, A MM S RS s SR
[M]. p422. padb Rz st 1992.
INGER, R IR BRSNS B S T KRR R R
[J]. 92, 2015, 30(4) . 107 -112.
T, EHEM, QR M2 R ICEVIR AR ]
W ERBLF R, 2001, 16(3) . 303 -313.
AR, T2 A MR Y AL Y 3 5T 2 B 5T
[J]. TREMEeR, 1995, 3(1): 21 -27.
Fah, SRR, S0, A BRI SRR R SE R R
FRHELS]. TREHFSAR, 2007, 15 (4): 458 -462.
Ak, AR, RIBR, S WM aE[M]. dbat: b
= RAt, 1986.
S, P EE S 5 PR KCE WE A P A T
[J]. TESFR, 2006, 14(1): 5- 12.
KEW. VLRGN [M]. P62 PYdL R R
#t, 1990.
XIEE, O, TKIR, . Wi s R B R
HONWEFELT]. ABAZEAHYE, 2005, 22(9) : 78 -80.
WuRty, SR, EeYl, 5. MG LR ) 5
RIS [1]. & 5%, 2009, 30(4) - 903 -
908.
Itasca Consulting Group. PFC2D user’ s manual ( version3. 1)
[R]. Itasca Consulting Group Inc. , Minneapolis , 2004.
McGuire W and R H Gallagher. Matrix structural analysis[ M ].
New York: John Wiley & Sons, 1979. 87.
TICA, £&, F FEGUTZ AR IB BB R A UE R T ].
[FGe Rz . BRI, 2009, 37(5) : 612 -617.

(T 4% 46 )



46 31 &

I
I
4

A Study on Risk Assessment and Zoning of Sea Ice Disaster in China

Yuan Benkun' *, Cao Conghual’ 2, Jiang Chongbol’ > Guo Kecai''?, Li Ge'?,
Shang Jie" * and Liu Qinzheng’
(1. North China Sea Marine Forecast Center, State Oceanic Administration, Qingdao 266061 , China;
2. Shandong Provincial Key Laboratory of Marine Ecological Environment and Disaster Prevention and Mitigation ,
Qingdao 266061, China; 3. National Marine Hazard Mitigation Center, State Oceanic Administration,
Beijing 100194, China)

Abstract: Sea ice disaster is one of the major marine disasters in the Bohai Sea and Northern Yellow Sea of
China. In this paper, the thickness, concentration and period of sea ice and the concentration, scale of all kind of
disaster-bearing bodies are selected as assessment index, and the coastal waters under the jurisdiction of every mu-
nicipal administrative zone in the main frozen sea area in China and the comprehensive classification of seven areas
in the Bohai Sea are selected as basic assessment unit, the risk of sea ice disaster in China is comprehensively as-
sessed by weight analysis method etc. . On this basis, the risk of sea ice disaster in China is divided by the actual
demand for risk of sea ice disaster, and the distribution of risk level is plotted. The results reveal the distribution
for risk of sea ice disaster in China, which can provide the basis for the risk management and the planning of disas-
ter prevention and reduction of sea ice disaster.

Key words: Bohai Sea; Northern Yellow Sea; ice condition; sea ice disaster; risk assessment and zoning;

disaster-inducing factors; disaster-bearing body
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The Numerical Analysis of the Building Failure Process under the
Action of Different Angle Ground Fissures

Tong Xiao', Peng Jianbing''?, Qiao Jianwei' and Wang Feiyong'
(1. College of Geology Engineering and Geomatics, Chang’ an University, Xi’ an 710054, China;
2. Key Laboratory of Western Mineral Resources and Geological Engineering of Ministry of
Education, Xi’ an 710054 , China)

Abstract: The distribution of ground fissures in our country is very extensive. In the process of rapid urbani-
zation, the ground fissure seriously affected the national habitat construction and safety. According to a lot of
ground fissure disaster investigation, in the vast rural areas, the main hazards of ground fissure is due to the de-
struction of the houses and buildings. The motion process of ground fissure is slow, the disaster process is gradual ,
with the passage of time, and damage degree of buildings is gradually increasing. Based on particle flow numerical
calculation method, we analyze the failure process of buildings under different angle ground fissures, which pro-
vides a numerical evidence to summarize the mechanism of ground fissures on buildings, and also a new reference
for engineering disaster prevention.

Key words: ground fissure; building; failure process; disaster mechanism; particle flow code; numerical a-

nalysis



