5536 255 1 10 ge o E 2 Vol. 36 No. 1
2021 4E 1 A JOURNAL OF CATASTROPHOLOGY Jan. 2021

Mok, BrfR G IR I B O AHE SR - BY R A B S R[] R A, 2021, 36(1): 106 - 111, 133. [DU
Yongfeng and JIN Zhenfei. Explosion Response and Failure Modes of Prefabricated Frame-shear Wall Connected by Grouting Sleeve

[J]. Journal of Catastrophology, 2021, 36(1): 106 —111, 133. doi; 10. 3969/j. issn. 1000 —811X. 2021. 01. 020. ]

EREEERERIES - S A RIRIEN N 5835

Mg Bk

(10 ZINETORS: Bl ke, Hlt 2241 730050
20 NPT BAR TR R R BRI R H A EPRRH A A5, HR 221 730050)

W E: W THICRAERER AR HEL - 57 5525 B Ve 7 5 i AR X, 32 A LS-DYNA k{4
SR Z I EESE — 5Ty b e Fo=CAE AR — 85 7 55 A FR TR AL, A3l 4L o3 A7 1 R IR o7 1 Ak & A= 4B R Bip
PURPHESY — 5 J 54549 1 sh A mm N S e AR, XK M e e BE=UE B — BY 8 EAT T BusR BB IEA .
W25 R . MRS Nl CELY — Y I S S5 M s e 22, R BRI R TR R As 32 . Bl 2
(B A7 AE BT TETRBE L VSSRGS T, RG5O LT H2 i A ME fr 0 T T S R AR W T, SRR R e v o D0 ZE 45 4 SR8
Xk & AR, HARSHNRTEENEY, K5 E SR A E R MEEAELR - 37 Rk A
BRI, M opih DRSS N RERE B RO AL B, T AR AL R RVER, 548 IE Ry
51, PRGEHESL — 5 I RR MR R SEPE IR s JEZTESE M OR TRl B e AR AR, R R e o U AR R A 1
WirE, Hemmng,

KRR BEWCCHESE - Y A BRIEAT R EIKAEE; LS - DYNA; AN

HES%S: TU5.4; X4; X915.5 CERARERD: A XEHS: 1000 -811X(2021)01 -0106 07

doi: 10.3969/j. issn. 1000 —811X. 2021. 01. 020

VAR, BEZTR A EW S A I B, THIBLAET, % TR Bt S 3 2 % 2
gﬁggﬁi%ﬁﬁgfﬂéﬁﬁ%@%ﬁgﬁ IR, SR JG AL S A0 AR R T 5 ) % ok
PP P R LA A2 S AR B T K S RO SE it 0 g S UHE SR K 0 R R
AESUMA LI LMyl S0 TR, 5 gyt 2 g py BRI AM BT, -4 H AT L 190 0 180 5
Oty fe, R OTMMRAROIERIBIE e moahe e - 9475 O HLRE B B 1 B
ook, WMREIZ R, 25 Orm, AR L e 1 ey
UL P R A SO0 7, EBAR LT Al D b e L e
AR B R S IR . D ik @ﬂﬁﬂim—E%jji@/nm*%i[ﬁ‘]jﬂﬁ%jhﬁgﬁﬁin;
TR ZE 2, HR (LS T B A2y NEGROSE SEli T 14 3 R AME L - 17 Jy
SRR A BT, T PR AL TAE 20 BB A Bl K g s e X g A
R R R, %% e 2 TR B 1 45 4 DR G o5 3% e A X IR A UAE SR — BT S S%E H T LR R 0 7
ﬁiifﬁ%%gfﬁgﬁgﬁgéﬁﬁﬁﬁﬁ %, IF AR 20 UF A ARG bR B L — A RO T %
IR, Ko 5 Ay Al Akt B Lz [10-117 v 5 17 48 1 AR R 1 o g
RN R T R e ) s A e

Jy BB [1-2]
%&amoﬁ$%%ﬁﬁiWHE%%ﬁﬁT% GBS W R I AHE 2 — 0 7 B4

e B T 13 R e gpe DURPEREHERT TSI, KT, T A
E%gﬁig%g%ig@ggﬁ%%gﬁﬁg GURTT, X TR RS AL — 07 7 i AR
HEAT T REIANT, & IRk 80 B ot R o ok PORRSEAIAI B

BB s BN 25 X R (7 30 3 2400 F A A0 LS-DYNA Hiff k. 1 i S e HE S
VELIEE KR BORRKE U B AT TRSILOT, R BRE ] — D OIRIR P S 1R i e AL A 2 - B
BE B A T B 2 R S s IR RSO M TR R ST T KR T —
i 5 2 5 AR A A T R I B AR G AT JEAESR RO RAT R IE A O RS — 95 ) 5 45 4 1

« W HY. 2020 -06 - 17 & H . 2020 -08 -05
HRUIH: B AAREEEE (51778276) 5 HlrE faa bt THITH (18 YFIFA067 )
S—VEERA: AKIE(1962 - ), H, DUK, HMIET A, ZdR, WA, TS5 = i S e i A
E-mail: dooyf@ lut. edu. cn



14] Rl U, 25 WESCE T HEHER T AE AL

= SRR WA 5 R 107

PRI A S sh 25 W i, VAL T AR AE SR — 87 77 45
ZERIDURTERE

| HEEBIREL

L1 JUIRBE R E &

iz LS-DYNA {4 8 57— Hi W6 J2 1 0 D AE 42
- By RS A A e U HE 2 — BY Sy B ARAY, A PR OTA
R 1, &2 B, Hor TR R 4 Gt e AR R
518 450 mm x 300 mm, ZK 4 000 mm, AT
S 4C16, Fiffioh C10@200; 4K A TR BE 4 4 A% # 1r
J5F 600 mm x 600 mm, A 3 000 mm, FEAJ
ik 8C20, fiiffioh C10@200; £ TR &t 1 57 J1 4%
AT R S 2 600 mm x 200 mm, %5 3 000 mm,
R[] 4 A 7l C12@ 200, 7KOSE 40 A A4 55 C10
@200, FHrAmEEE 400 mm, B K 4C16,
§iii i A C10@200; 4 — B EL At (18 R <)k 300
mm %200 mm, 73 000 mm, BEiAMHEE S 12 mm
W AT TREE DR TR IR N 25 mm; AR
ALK 20 mm JEE ) s R R D, HiR T
C80 JR#&E+; HiH#1F = Bl A % BB PR
M, TACRETE 02 e PE e e B nT 58, HL % $E 4
s, TEZE T, WIEERER S NK
200 mm F{AE 4 30 mm BAAGS L BLBESE K
Tl Ra 4 S 5 pe s TR B + ok H C40 HEm R &t +
YELIAR M IE TR

>—'!!7:liﬂ

B

T BpetE

1

K1 BLGRHEZR - 9 g dAse

| , [
v o—= T 89 1 5
AR :

~~ FEE - Wl
Bl | R

AR 7}?‘%’

2 RECSCHELR - 09 U AR iy

REEL . JEZGRI S TR AT SOLID164 S H
L, BRI ER ] BEAMI6L BEHIC, RS R
S0 25 mm, KEZGRIE ST I SRR, R
DR A%, TRAE - 29 R FH RS B ROA% . 80 A5 A
R Z A B S5, R Ay By
M 2, S A R R A LA A
VRS PR NIl Y s A, IR
23N FBLE IO R kAT

TR 11 5 T A 2 BT B Al S
(1) SR I 322 A58 foh o 32 Rl 42 fioh 7 30 2k 28
TIRBOTT R B3k 17 N J7 sV (R W g, Rk 4 T A 2R
BRI, LA AT SR S H AR I L, 1% i 2>
BRI H AR i — AR 5 38 3 2 RT5 R 1 R RO A
Ja, FERME T A2 N E B e B R RS, [ &
Hefuts B SR AL B Sl i i

1 LS-DYNA m % F &85 « TIED _SURFACE
_TO_SURACE_FAILURE R4 fiph i 55 H A i 1 282
K, B E G P A R FS R AR 4 1 Ok
RO TR I RLRRT g, BB AR BE FD R ARG 25 i
SRB U 1) BT R g, DA SE BB TH TR BE 4 5 i
FRRGES R R0 BT T TR B L Kk 45 T A B0 47 5 B2 R HT
YR EE SRR AT I A A T

T3
1.2 #MPEE K S
1.2.1 s 2 AR

IREE T 2 LR G F IEM BRI | & A 5
VL R i s /Y« MAT_JOHNSON_HOLMQUIST _
CONCRETE #i#Y, Z BRI GRAE 70 73 % R IR EE 1 7E o
PEFUEAIE B B g2 Ve RE,  ml A B T 4N A 1R
U+ S5 R TE R K w2 R R Sh s e, B
MR EE LB R TC T SO ORI R R, R
X LOULZE 2R EE T BRI A&, AR 45 1
SR RN AAT, I B G e AN, Xt
TREE T M RBGHATHE , BURRHLN AR 0. 001 1
iﬁi%%ﬁﬂﬁmoﬁﬁiﬁﬂﬁﬂ%§ﬁ%
1 o
F1 BEIEHRSH
2% RO/3 G/ FC/ T/
(kg/m’)  GPa MPa MPa
TmEEEL 2.4 x10° 14.86 40 4 0.79 0.007 0.6
ErRIREEEE 2.5x10° 18.70 80 8 0.93 0.008 0.8

1.2.2 G450 A R A RS
XA R R 3 ) I 2 M o T B i AR AR Y s
MAT_PLASTIC_KINEMATIC , %471 7545 % & T 41
A BR300 [ e 9 1 B sl e A S b Rk ) 1 AR AR
7 FH AL K i o Ay 28 55 1 O AR 3 42 b R
ST K v 2 AN AR R SO E 2,
K2 WHMERHHEISE

A C N

kRt (k§2g3) E/GPa PR sg;g/ Eg%z/ FS
W 7850 210 0.28  0.440 47 0.12
=15 7850 206 0.31 0.345 2.1 0.20
1.2.3 S FELG A RS R R RS T 2

IRz SR TORG LR BRSO, B2 R
* MAT_ NULL # % DR 45 77 F2 * EOS_LINEAR _
POLYNOMINAL pEA7#4LL 5 TNT #E 245356 FH i e AR 24 =
MAT_HIGH_EXPLOSIVE_BURN # 1 il * EOS_JWL
R TR TRLL, IWLARES RN

a1 @\, _ o\ oy @B
Pw._A(l RIV)e -+B(1 sz)e w2t (1)

X Py NIE S ; A=371 GPa, R, =4.15, B =
3.23 GPa, R, =0.95 fll w =0.3 MR %%, V
=1 HHXHAR, E, =7 kI/m® Ky B AR B fE,
YEZH 3 7 1 630 kg/m’,



108

F

T
3

36 &

(a)t=1 ms

(b) t=5ms

P33 BRGRHELR — 09 s Bl IR M Bk Je o K

(a) =1 ms

(b) t=5ms

4 RemcNHESR - 5T ol il IR R BUR JioR A

2 ERRIESR

J T BRI LB E SR — B 7 5% 245 #4025 e U AE
28— By SRR R R BB e, TEPIARHESE - 87 S
RS R P T 2 AN HARFRMMALE, Jt i
YEfT R o 40 9 43 BT A TR) AL B A 22 A e K It ) o
HESE — BY Sy B S5 AR R, IF3R45 T P AR AE
20— Y R S5 A AR AR fr 20T B IR AT R S B A
M) 3
2.1 MHETF—EERFBD

MVEZY B E A — JZHESE L I, KE 24 R0
B B b AT T R RS R 1.5 m, BB AR AR
FEESN 2 m, TNT $E25 4450 44 kg, FEZ5RETT
O SRR, KEATE — ZHELL L R ERT,
PRGEHEZE — BY S B IR RS ol an il 3 firas . MIEL 3
T LUE Y, BLGEHEZR — 89 BRI B IR Ao .
TG, HRAE v o i o B S5 A A R, B
P EAT ) — 2 IR 5E 32 T B A TR Bk 1 7 50 21 b 4
N TR R B e iR, R TR EE 1 A R B
PIAREAEH T fi 2, — 2Bk A RS R,
e, — 2P Wi & A E W B IR,
TS ERGEGR A0 s T2 2 T X B B R 7K 7 2 o S
SUvFeE, — 222 0 35 AE 5 1 24 [R] — AKFf
KA RN, I ELAE 45 F IS 0 ) 24 B s Ak & A
BIUIMEIR, 3 S P Ay 22 0 B0 e A A N 31 TG 24 R
T AE T & A T e A, S SO T R A
RTREE LW Pr e, BeJm, )2 20 0B BE A G A T

KATUIMR, X2 W A F m A 240K, JF H
FEKE v IVEH TG . AEAY 5 ] AR/ NASTA],
AR AN BT MR /NEARFE, HIE
DERRI K A B 2 T SO XS e N BB A AT 358 K )
A VER

YELG7E— ZAEAL O B KE R, 25 xAHE 2R -
B AERRBIR IR 4 Fian. MWE 4 nTIEH, 3%
BoxCHESL - B9 e IR A2 . w o, — 2T
PRI A IREE L K AR RE, XA AR, T
I o kA — 2Pk R e LS
HHBIp W R p i s, Swmekdas, |
Gt I e AR . $EE, — 2 1) T
FE AR IR E AN IR BE 2%, I H B T 1A A TR
B, AR MM, SiFRE, — 2P
TRARIAE R TR BE H ok i 2, &7k — SRR
a0, HESHRH L R Ak & A B VTG IR, X =R A
A AE R K vhls 7 AR A 1) B A VR R R A R
KPR S, I H— 2 70051 52 3583 358 R0 4 JR ity 35 24
KRz A TEEREIN, DRI X % A i 75 B A 5 K
SR, fea, — )2 A A 2 BT Y 1)
FAECAWIE 2 ve, R = I R, SE—
SNl A R e N Mg (7= 1= N = 11
E‘ﬁgfﬁﬂﬁﬁﬁjﬁﬁ%E‘Jﬁéﬂﬁ}%ﬁi?ﬁsﬁi&%iﬁ
KRR

DL b 485 4 8 22 N RE T S BF IS X &, 43
HE T 1) E3BE 0.5 m BR—/N sAos, &S5 A
T 25 R ) 2N A 7 AN [R) o B8 Ak 1 RSP (X 1) ) i
MR 2eo BRI, 43 BV 22 A v B Oy 1a] R b T
L.5m, 3m, 45 m B—/WM oG, K6, B7



134 FhoKk UG, 25 WS T HEHER MO ACHE SR — BY Jy BiRHe A M 1o 5 A 109

30 A P ) 1) 2 A 5 A (] e B Ak B9 7K (X
o) REAS I AR h 2. NP S Al U, i a2
ABEHBTAT 1.5 m oAb, PRIZE ML TR e A T EE Y
STUTRE IR, IF 7 A B R LA, A M BE B AR
(ZRCZ) fEHETRER T 2 m Z )5, HIEEM BT
Ao BE 5 1) B AR 5 2 PR ek /0N s T A ) A
(ZPCZ) W) WA AL 1 A 1 1 B2 7 1) A P43 1
G390 2 m AR 4.5 m oAb, SRR O AR v Ay
A T AT 5 105 A S B IR0 H ik e A T
(A AR A o il 0 A 45 K PN A% 18 R IR, LT
OIRREERE A AR AR AL I R IR BE L M R A T, 7
A R R, AR R AR, IR 6, &
7 RTLUE Y, SRR O AR EE(E AR O 10. 13 mm,
T A A gk o0 Ak AR 2 5 O 13.85 mm, 3 R D
36.72% , PLFEAE 4.5 m 4b, 7E 2.75 ms B F2
RS Syt ey, 450 B O I B 8 B W i R T
YT YIBIR, — 2GR T X 2 M B 5 A
K25 TP A AR 2 A — B AR AR [ A%
HAMESR BT HA TRESE, SR
AL A 7K P 29 A A A 0 o B v — EAF AR, JF
H B RIS H X A1 (8 2 SR T A 58

6[ —--zPCz
— ZRCZ \

) 1 1 1 1 1 1 1 1 )
(—16—14 -12 -10 -8 -6 -4 -2 0 2
i/ mm

Bl 5 A7 BN TR] B A K ST (B BS

2
0=
-2
£ 4l
E
-6
sl
10}
-12 L . . . 4
0 1 2 3 4 5
5} [8)/ms
B 6 BB TR i AR 4R
2
0f=
1
o A
=
E o
B
5 -8
-10F
~12|
_14L
~16 I i i ) ;
0 1 2 3 4 5
I5f[E)/ms

P17 AeBe U KOS A R 2%

DA RR 45 ¥ B — 2 32 R BF 5 3 42, 4 s 42
KT AR 0.5 m BL— AW EAoe, K8 AP Fh
ZEN— 2 B A AN TA) K B Ak B8 1oy (Y 1) ) WAL % il
2k, MIEI8 AT LIE H, PR — )23 aY e N
B, HOER D ) W S AR A, — B
(XRCL) k0> Ab W AE A7 % 4 26. 37 mm, — 2 Fi il
P (XPCL) J .0 Mb WA A7 7% g 34. 51 mm, B4 iE Ny
30.87% ., BRGERMINIFE /A R EUHLE , 1 F ] 92
BN A LA, BRI ),
ZHVERERF; BRI R AR EY, 5
R IR

351
30

25 Ir

g
£ 20

Hi/m
P8 A K B 5 WA (7

2.2 WEHMETFAEEMNA

KR 24 B 0 TE AR IE R O A, K2 RO R
BHB AT A TE ELHE 2 R 3 m, R A MR 2 T Y
FEHIEE 0.5 m, TNT ¥EZj &N 44 kg, JEZ
AL HRE 7 O s AR

YELHTE A FE IE I R A R KERS, BUTRHEZE -
5 RN LW 9 Fron. MK 9 FhAf LLE
W, PRGEHEZE - By IR R . H e, A
B A ) 200 5 T VR UEE B R, AN R A
i IR B RO 2 1.5 m A Ay FITE PR A BE 22
FEARZAEL, X PR OA T R T SR R, IR AR B AE
MG Lok sh UIEH; St R, BEEtn
TR IR G R 3, e F B AR A T AR
TATVRR 25 05 1 B A9 ) 320 DX el 7 G 5 % T ) ke B3 A7
B, HBTHERTS IR EE b2, 7 AR ) R A
I 2445, 3K Je PR oAy 0 ofll A 00 % T TR 56 = R AR AL,
FER TR 2 W25 e &, 1 43 N ) I e A
VT aa o I Nl D W [ R e s AN 1T 2 VA8
e, BYJIREE T R ) 2o ik 2 g S L,
W B — A 1 2 I 1 B AR R 3 2% Ak AE
e, AN B8 AR BT ) 85 G 2 R Ak & A B )
IR

YELGAE AT A IE AT 7 & A R KERT, 6 i U HE 22
- B S BEIRE SLan 10 i . MR 10 HRT L
Filh, RECHELR - 85 iR R o . Bk,
A T o) A D R T YRS RE - A B IR OO S B e A
L, HFF R TR EE Lol hr A, 77 AR ) R )
Ryer, HHARIRZ AR EE - R AR S, 5,
— )2 5 7455 5 HAE (R ey 7 S T A Ao R Ak
AL BLTE AR A B, R A T A T T %) 24 2 SiE
hEM G 555 D EAEXIE, &E, 4
IR AR S BB A A, & AE S IBEIR, BY J1 5%
AR A% 2 B TR R A R B



110

F

T
3

36 &

(a) t=1 ms JHJE A

(c) t=5 ms JHJE A

(b) =1 ms 5 BT

111111

nnnnnn

11111

(d) =5 ms T

P9 BUPRHELR — B9 1R AR MR BUR R R B

(c) =5 ms MIHET

AP RS A A DAL T A WF e X 2R, 3 i
e BT 1450 0. 5 m — UL AT, [ 11 S PRl
SER A AT 5 AN ] v BE AR 1) Z 1] DAL 7 % T 2k
ME 1L AT, A MBLGEAE (YRCZ) iU (EA7 4%
13,11 mm, A5 U AE (YPCZ ) (9 {8 (57 7
26.81 mm, HEHEA 104. 73% . 15 B A 00 T30 e A AR
BRI T R 1 B4 SR T ik K 2R R, A
A TSR Iy 32 9 29 57 B S ek sssy , O A R A2 S
Kesb IMERR, AR A T BENE

(b) t=1 ms T

(d) 1=5 ms
B 10 epid=CHELR - BY 18 kIR R R 8Uk SRR E R

CAPIRNEE R 0 4 DAL - B TE X 4, 112 R
PRSI A7 DAL 5 A REZS AR I R i 2o DAJAT 12
WA LA R il DA TR T, A
PR B GEE K SN, FE2 0.5 ms Z )5, M
RES iR 7E— A AR E H 218 P sh IR As, B
GERERYFR A N REAH LU TR AR 0, AR 4 BE 4R ST 48
SERE, PIRRE PR S REAS Lr A B, Ul IR A AR
BTGRP AR aE R 2E, LI, Hit



134 FhoKk UG, 25 WS T HEHER MO ACHE SR — BY Jy BiRHe A M 1o 5 A 111

6 —--vpcz
— YRCZ
Al
4 v
e
£ s
g3 =i
Piirg ™
Z -
2 \.
1F
() 1 1 1 1 L
Z30 -25  -20 -15  -10 -5 0
fiiA%/mm

K11 M RN R A Z i E AR

2.1)><1(>"y- —=---YRCZ
al —-=YPCZ
Lox10'F Y%
o
W'
= 1.2><ll>‘-i: Nee et i,
= 1 NN ameem® T e e o
ivad ‘ '.
8.0x10'F4
k
A
4.0x 101k
!
oL ; ; ‘ . ;
0 1 2 3 4 5
5 [8)/ms

B 12 A N AL i 7 i £k

Li LTIk, BLDESS M0 45 I B0 R B R X
PR, ZRECEBL AT BRI U A R Y
BB, RBCR I DR R R XU
WITER G nhils g 280 A 0T, SR BCCHESE — B J7 5%
(8 A g 47 R g JH 3 4 14 A S e BB 1 S T
PRI 5, A 8 K IV 7 5 A 45 4 JRy 78 IX Sl A
AR AR, HMR N o oy T A 45 R A A% 18 AR
WA, SR A 280K R 52 B, E i 3 0k SR
REFE R AE SR INT A B 3R o 8 KR T 7™ 2 1) A
e, Horp—& ok RE B 45 1 5 R F
(SRR TR B+ TR, T A AL SR R E R A
73—k e AL I A B B RE, (A5 45 A SR
PHEBORI AR s Ay ) RE IR HCE 25 b, e
At Ji] Bl <R T B R 5 ) T, e 5 A K
RAGUHERE I AL B AR S 2, HPug
PERERCS . BUGRHEZY — B9 Sl 4 BA R g i %
TR, HBKE b oty g A 25 F A R A O 0t AT A% 3
HAGPEZ B 2A R o AR R, 45452 1k fg
B, AILBNEIS

3 Hig

ASCHET LS-DYNA S35l B o by 17 KE 2547 T
e =Y R NS RTINS 1 = e I T =1 S
HEZE — BY J7 55 45 40 i i IR 1o 78 e sl 2 mm )iz, [A] B
y@@%@%ﬁ%ﬁ%EﬁTﬁﬁ,ﬁmuT
2

(1) KEZYAEPIRIAESE — BY 77 55 4544 AN [R) o B
RARIERS, SRIE o B EEEE R R AT
BOMCEP BN, He AR R R I
HINREE AT MRSk R ISR RR, T 2%
FC =S54 (R AR TE R A A X S

(2) TEARYERE B AE 2 M AR IS L T, 2

PeCAEZN — B g 58 4 O A9 W (12 3% R T B R AE 2
— Y g s T A 0 A SR A N RE AR T IR A
VTR F B B A TEAR R 22

(3) ERE Pl fir 2 T, BADEMERE - 87 )
SRESHRARTE 4, B IE bl Tt A %, R
PARIME ] R4, AR B 2 5] 5 e i AAHE Y —
BT A R R AR R, BRI o i ) A S AR A5
S AL R AR, AR a i RIE BN, K5
T IRAS AR SRR EARIRN, L PUR ERERS

SEH

(1] TR, XSS BEMET w2 0 AR I L 45 i SR B A B
GBI T]. KA R (A AR 5 TR ,
2015, 48(10) : 881 —887.

(2] Abocwg, BGWEdT. FR 5245 M 73t T % PR ME A B0VE T T Y i
SeEBALT]. M T KRR 4R, 2019, 45(2): 113
-120.

[3] J&W, 477, X6, . 578 XTI AR R S5 iR
BERBUB R M BORIE A B [T ], KR 5 5 TR
#i2, 2017, 15(1) : 219 -224, 237.

(4] femide, BUR, GRIEF], 55 HRMERTECT AR 20 Ad7 IR EE
FERIE AT ] HFRAE, 2015, 31(5) : 60 -64, 68.

(5] JElmedy, PEEAE. MRXERTANE FI T A9 A TR 56 35k 1) 3 2 o
BLT]. B dsi ok TR =4, 2016, 36(1) : 153 ~158.

(6] fdts. TN 7 HC iR EE A HE AR M XE SR 43 BT 55 % 1
WFFELD]. 22 2JHIT R, 2019.

[7] DIONYSIOS A Bournas, PAOLO Negro, FRANCISCO J, et al.
Pseudodynamic tests on a full-scale 3-storey precast concrete
building: behavior of the mechanical connections and floor dia-
phragms[ R]. EUR 25496 EN Joint Research Centre — Institute
for the Protection and Security of the Citizen, 2012.

[8] PAOLO Negro, DIONYSIOS A Bournas, FRANCISCO J Molina.
Pseudodynamic tests on a full-scale 3-storey precast concrete build-
ing: global response[ J]. Engineering Structures, 2013, 57(4) .
594 - 608.

[9] sk SRCAAELR - 05 R4 E X BER AR 5[ D]
I LA R, 2014.

[10] D%, Walk, FPAzx, % HERENEESRAHESR -
A PUR LRI AT [T]. TR %%, 2017, 34
(10): 178 - 187.

(1] BT, %4k, 300, & femiaUiESR - 35 SRS PiE
PEREIRIR [J]. RE R (ARBIEMR) , 2017, 47(2)
313 -319.

[12] #A%%. SRBCAHELE — 59 773588 A 102 1 RE 0 B K 18T 1 itk F)
FEID]. R ST A%, 2019.

[13] B, pds, BEESG, % JRPCsCiREE T HESE - 57 J1R 4y
MRS IME S AT [T]. B (A ARR R ,
2015, 31(2): 276 -285.

[14] ZBT. REaGh A e 0 0 5 1o 10 A7 3 1 A AR ) O R A5
[D]. HPK: HPRAE, 2016.

[15] v, B/, MBBEZE, 4. RAEAT 80T 2 T a2 iy
/AR BE AR T]. B S ehii, 2019, 39(11)

32 -42.

[16] XfE. Br&iREe LR A IERERT TS D] K% . RIEMT
K2, 2000.

[17] M2 B iR e L ARty e AT L[ D). HK: |IKK
2, 2011.

[18] #skZE, #il, V. X LS-DYNA HiR%E+ HIC #E8 ) #835)
[J]. &MERST TR B 2E4, 2013, 30(2) : 27 -29.

[19] TATYS, CHUTL, HU HT, et al. Dynamic response of a rein-
forced concrete slab subjected to air blast load[ J]. Theoretical &
Applied Fracture Mechanics, 2011, 56(3) : 140 - 147.

[20] SR, XBXC, RTH, 5. UTHRAEH]T B R BE AR sh A 1k
WIBERAAT R[], #ik3h 5 ohidi, 2012, 31(2): 20 -
24, 100.

[21] LS-DYNA. Keyword user’ s manual[ M]. Livermore, California;
Livermore Software Technology Coporation, 2006.

(T35 133 1)



134 PR IEN: HORERERs T BBl B AR EHAE S T 133

Insurers and Insurance-linked Securities During COVID-19

TAO Zhengru
(Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics ,
CEA, Harbin 150080, China)

Abstract: The outbreak of COVID-19 in late 2019 has caused far-reaching effects on the whole world, and
has severely hit all economies, and major changes appeared in production and lifestyle. Even six months passed,
the situation is still not clear, a large number of people are confimed every day, and the global economic prospect
is full of uncertainty. By observing the impact of COVID-19 on the insurance sector, it is believed its future cover-
age will be expanded to pandemic, under the circumstances of policy promotion and increased demand. By calcu-
lating the beta values of an insurance-linked securities index and the global stock indices, zero beta characteristics
remains during the pandemic. By adding the index to the portfolio of the stock indices, the effective boundary has
been expanded, which implies the advantages as a risk management instrument. A triggered CAT bond is analyzed,
and the cooperation with the capital market will greatly expand insurers’ capacity and scope.

Key words: COVID-19; insurance; insurance-linked securities; zero beta; CAT bonds
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Explosion Response and Failure Modes of Prefabricated Frame-shear
Wall Connected by Grouting Sleeve

DU Yongfeng'”* and JIN Zhenfei'
(1. Institute of Earthquake Protection and Disaster Mitigation, Lanzhou University of Technology,
Lanzhou 730050, China; 2. International Research Base of Seismic Mitigation and Isolation of

Gansu Province, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In order to study the explosion response and failure modes of the prefabricated frame-shear wall
connected by grouting sleeve. A two-layer finite element model of cast-in-place frame-shear wall and assembled
frame-shear wall was established by using software LS-DYNA. The dynamic response and failure modes of two kinds
of frame-shear wall structures were simulated and analyzed, and the anti-explosion performance of the prefabricated
frame-shear wall connected by grouting sleeve was evaluated. The results showed that the performance frame-shear
wall connected by grouting sleeve was poor in the integral performance. The main reason is that there are some
weak bonding surfaces of the old and new concrete between prefabricated components, slurry layer and cast-in-
place area. The interface contact of the bonding surface is broken at first, and the explosion impact force is concen-
trated in the local area of the structure, and the deformation of the structure is relatively concentrated, which is easy
to cause serious brittle failure in the local area of the structure. The cast-in-place frame-shear wall structure has a
good integral performance. The explosion impact force can be transferred effectively within the structure and there is
a good synergy between the components, which makes the deformation of the structure more uniform. The cast-in-
place frame-shear wall occur ductile failure. When the explosives explode at different positions in the structure, the
components directly affected by the blast wave are seriously damaged, while the other components are less damaged.

Key words: prefabricated frame-shear wall structure; blast load; grouting sleeve; LS-DYNA; dynamic re-

sponse



