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Dynamic response analysis of veritical shaft under internal explosion

YANG Xu-sheng', FENG Shu-fang"?, GAOXin’

(1. Engineering & Research Design Institute of Shenyang Area Headquarters, Shenyang 110162, China;
2. Engineering Institute of PLA University of Science and Technology, Nanjing 210007, China)

Abstract: The propagation and reflection rule of shock wave in vertical shaft under interal explosion is analyzed systematically.
Based on the elastic theory, the dynamic equation is built; and the calculation formula of dynamic response of vertical shaft is derived;
and the maximal radial displacement and internal force distribution of side wall of vertical shaft are obtained. The calculation results
show that the location of the maximal radial displacement of vertical shaft is in the middle of shaft, which is related with the height
of explosion; and as the increasing of the explosion height, the location of maximal radial displacement moves to the shaft mouth; but
its amplitude become less.
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Fig.1 Pressure sketch of reflection wave in vertical shaft
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Fig.2 Calculation sketch of veritical vibration of
cylindrical shells

R TCA N BESZ B P K EAT RO, AMEESZ 2]
JARRS AR, e LA TR A v s,
SESEHM P (P A 5 R 3 2 2 b A B A ) 14
SRR, e AT LS

oW oQ _do
hRdpdx “=* dxRd + 2N dxsin— =
P ¢ o’ - ox ¢+ 2N drsin 2 (5)
P(x,t) Rdpdx — k,WRdpdx
Rk HHIEREG W AR,
. de _de 0 *’M "
%[ﬁﬁsm—(p;_(pﬁ&:_ Lo, e
(GER
ow oM, 1
ph—gt g+ N, =P(x.t) =k (6)

WS IFRE— R LR, W E, \ E, v, «
vy 3% T SPE LB B FIERA s p o bPE
B,

H 28 AR 58 PR RVl PR B 18 T 4

2
N, =Kps M =D 7
HE}Jﬂ—Ee Vel g Eh D EnR
a E. v, v 120-v/p)
B

R FARN L (2) 73 2] P 3R AL 7 il g
2R

o'w o'W

D——+K'W + ph—= p(x,t) €))
X ot




76 S ¥ =5 2010 4F
K_@g+%j aH TAE G (18) 4
K 1+cos(aH)ch(aH)=0 (18)
L e
ceomw=0 P _g kiR (18) PTLMG5: oy H =1.875: a,H =
Ox 4.694; o H =7855; -
wemmM =2 o (9) ¥4 ol (R IR IR (15) AT LI )
G L 52 P T
0 =M. __p2W _, 322 BT
ox o Kk (10) AR (8) B4
32 KR o0 )
321 RA AL S DY~ W, (1) + K' 2@, (x)W, (1) +
AR R, B (8) HARROTESL o 8
PH3®, (X)W, (1) =4, (5.0 (19)

W(x.)=3®,(x)W, (1) (10)

AT RNTRER—RIB R, E TR
Bk, HIRITFEN
Dy—T+K'W+phaz—zV:0 QED)
Ox ot
A n BriR B Ia sl n] LLUS
W, (x,t) =@, (x)W,sin(w,r) (12)

BHAAR (15 7S H

4

D

Dmijﬁth%ukwm@AWn
X

(13)
WIRTEREAA @, (x)= 4™ 1T, AR
(13) #531:

(DA* +K'= pher,? ) 4=0 (14)
MG RHEZMRA DAY + K — pho,” =0, W] LU
e
A, =*o,*ai j=123,4
a:z\t]i(—K'+pha>2) (15>
D n

MNITTR] LA A AR 1R — F T 2 i
@ (x) =C,sin(ax)+ C, cos(ax)+

C, sinh(ax)+C, cosh(ax)

WA (9 MErIEAC
@ (x)=sin(ax)-sh(ax)+

sin(aH)+sh(aH)

cos(aH)+ch(aH)

(16

(ch(ax) - cos(ax))

an

e TR, @, (x) R
D3, (1)@, ()2l g o
-1 0 dx
KSW,(1)] ! @, (x)@, (x)dx+ ph3 W, (1)
[, @, (x)@,(x)dr =] @ (x)q,x.dx (200
R T IEAS P T A0 e B TP IR T 58 i = n T,
480, XFEEEEH).
d'o, (x)

4

oW, ()]} @, (x) d+ KW, (1):
Jo @, (x)dx+ pht, (6)] 0, (x)de =
[) @, (x)q, (x.t)dx 1)
Xl (13) WAL @, (x) FERRS 50 AT LATS 3]
A Q21D PEIPRILS B I ¢ R

of ()2

phw,’ é@nz(x)dx (22)
¥l (22) AKX 2D PRI A
pho,? [ @, (x) &V, (1) + phf @, (x)do7, (1) =

de+ K[ )@, (x)dr =

!
@, (x)g, (x,0)dx
(23)
L

M, =ph [<Dn2 x)dx
{" ) (24)
Pn(t)z 0(17n(x)qr(x,t)dx

R (23) AT A R R
o, MW, (1)+MW,(t)="P,(1) (25)



B (2 IvARE

R I P9 R BN 3 N 3T 77

25 AR A
w,(t ) .f > ()sinw, (¢

r)dr (26)

L A7), (260 AN (10) B LIS 3 jn)

(KRS TR AT AR o
4 HE I

VE BB VS, WFFEEL R BEIERER. R =
6m, h=0.65m, H=9m,

BEELMEIZECh: p=2650kg/m’, E,=
3.45x10* MPa , E_=4.35x10* MPa, v, =0.312,
v, =0.391, G=1.48x10" MPa .

S LR ARGk =10" N/m’.

mRE G Ay =1 m, 225 TNT 488 C =
50 kg.

B 3 vt A5 2 AAN [R] A7 B A HROAR 1) 67 4% 5 I
SCR MLk, 15 4 vk SRR RN 2042 1 AR
W AABRAER 23 A 2 o

—0— x=0.25H
--g- x=0.5H
2 ¥ x=0.75H
,?:. —d— x=H
1 AR 2o\
R bt
2 3 3
: 0 by ;
N &, '
AL o
. o % :
i ®  ms 3
BUsK BE
_2 - K

B3 RRRSISHRERR ML

Fig.3 Curves of radial vibration vs. time
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Fig.4 Distribution curves of displacements

]S ity T OB KA ) RS R K P
S A MR, 1T R, kA A M AR ) O, 7
W SRR A B A, TR FIBEERER 18 J) N, ik

KAEAIE HIAE S R, 172 HH AR S R
SAArE, BARS mEEBED SRS, AR
[ (1) AR 2 v B, THIRAR B ) ds R AT I e P x il
oA e i 6 .

1.0 LO r
0.8 0<'
0.6 0.6 |
= s
= =
0.4 04 F
0.2 0.2
0 uéii_g
0 1 2 -800 -400 0 400
W/h(107) M,/ (kN - m)
(a) (b)
1.0
0.8
0.6
el
=
04
02 02
0 I_Le_
0 3000 6000 -400 200 0 200 400
N, /KN 0./kN

© (CY)
B 5 BHMSEERRERMB NN S

Fig.5 Distribution diagram of maximal radial
displacements and internal force of side wall
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Fig.6 Diagram of maximal displacements of side wall
under different explosion heights
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