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Fig. 1 Schematic diagram of weak layer

5 RE TR AT RE A SE R4 T St 7 B B 10 A 2R 18 03056 7 R R I 2 o B85 50 & R A X R 2 o
o A7 2 B 7 T T HE 45 R BEA T 1 T8 552 96 45 28 %) e g 0 20 g 7 A L 1D HE S 8 R 45 ) 1 = 4 51 g o i
XA BT TTHESS BB SR ALEE K 3 1 280 o A MU . F R 22 BT THE S Y B S 3 R X Y O — MBSl
73465 28 o {FLIEOF TTAE B 048 A W AR AT B A9F 5 5 /0 U L 7R 52 5 ol Ay 280/ A M T B B 4 TR

SEPR AR B 4P A T HE S A A e 1 D L e R R g A [T B E S DT 1A 355 19 48 A4
FHEN IR, ANE] 1 Ca) BTz o F A S 24 SRR B2 Ry o 4354 1Y 7R 20 R ) i o DRI g o e A A T 3 A
T8 S TIHE S AR 2R S ) 129 2 52467 3000 A JH 3 7 A T 20501 94 S i 1y R0 A28 1) oz gl o0 2% 360 gk v b
IR 355 15 6f T 5940 A L 280 SROAE T, $A b 5 B2 DX A WD S 9 07 4R P, DR AR (0 L i e R AR R

» UWimHE: 2015-09-28; &E HEY: 2016-03-13
EEWB: BERHARFFILLTIH (51478469)

F—1EE . BKRAE Q67— LB B AT T EEEE: BN, dxp0112@163. com,



488 DS 1 5 et i 8378

X IR LU B A R 85 15 g 4F v B WD A, o R i o i A B DD RIEOR A RR I L 2 R A BT AR
AP ¢ [T PO 52 A 98 o 88w 2 o 5 [ DX 358y 5 DD RO o T AN R 482 i A0 R R T . DRI L A AR T HE
A P SR A B T B T DX ) 11 P B2 DA o 45 o AR B8 T o i PR BE

B PRTC D HE S5 40 BT DX 4R o BT D 32 78 TR b T LA o A 1) HE S5 500 A5 T R A ) A8 B A iR B —
TR EE 55 J2 R S B0, I 1 () 7 . T T3 2ok B8 4 A AU BR T AR S B 18 5 2 T T HE SR
8 3l 3 W) 57728 Al o 2 TR BIE T AN [ T8 88 ) 0 535 2% RF 1 HE S5k 05 A WD IO Y R T

1 HEEEC T B 3) e

By 4 AR e, — K IR 35 ) 43 DA 00 8 L R R A 4 O i R TR iR R R AT B
X IR I OB A I B3k 1A 2, A 5k ol 47 20 AR T L A TTHE RS S0 B 52 AL e A = 8 L=
DR R 70 300 AT 5 55 = T L AR ] Rl Ok TR SR O 29 RN . 28 B %5 08 R T JE T Timo-
shenko %% H I8 (1 2 8 UL ASE IR e 25 45 i 38 PA) 3 76 AS ] 249 SROMI JBE T 9 A8 4k 12 B8 RE 4D RE 55 Lo oK ) 22
Fy 25 it AR T 25 B AR ] BB AR IR

B E Bl 2 A T R IR I A4 ) Tk 5 e AT R ] B R 4 A g 3k B 4 A7 1R RE Y i R 5
WL A E JERE IR . 2% DB Sl AR T of o ol 7 2800 T 4% 9 A BR 25 8 A0 0 ) LIRS

M, =0M .. V.=V (D

AU e Mo BV 20 500 O 0 T SR A A0 B 25 R R 8 3 5.2 Oy o )y 2805 | 119 56 82 3 i DA K, i 0= 1. 6. 5
FHRH LS RS . A

M,y = fewbh* (1 —0.590) V. =(8 /f. +0.80.f,)bh» w:]{ﬁi (2)
Ao £ IR EE L BURSREE , £, A R BThL R EE o, S T AY q
Be A 2R .0 MR TE b R R 43 ) A v R Ak L AL RN ARG R ¢ i/ $ ¢ i/ \L
(T2
R
BRI 2 BT AR o R A SR Ui B e ] W, 57 S 2 2@
REWW ;g MEH TEBR FWME .o h S RmOEE.L A
PR, R !
BERN N SRR R HZ =
M=—E1 2%, V:k’AG@—y—cp) (3) 2 BRRR
dx o Fig. 2 The model for the deep
ittp HRY j‘j*ﬁ&ﬁ'fi*ﬁgaé yy%ﬂﬂ%l@ﬁg*ﬁ&ﬁ%ﬁ R Fil @ :V)j%j cantilever beam

5T I RN 1) %) pR B b s AR AL T O A I AR LA R
B T AL 2 R E T UMEIE N T G BT R L =101 )/ (12+11v) v A AR AT TR %E 1+ B2 A
AL

SRR B TN
E0 0 KG(ly ) 0 EG(y 9D\, q 'y W
0 dx? pr2 dx PYEi 0 dx? dx A J¢?
Ko =1/A.0 WRENEE,
BN
¥(0,00 =0, &0, =MOD IPLt) o IV(LD) gy (5)
R dx dx
WG AR
y(x,o>:‘%<1,o>:o, (D(x,O):a(T(f(.r,O):O 6)

XF 75 (4) AT LR IR 28 o0 il 06 A TSR il L 4



%3 M R BR AL L A . R 08 o o A 2 T AR S 5 1 T IR S8R 470 00 B9 D ik 489

y(a,t) = ZY (OT, (), &(x.t) = >,0,(x)T, (1) D
TS 28 q T LR TF 45 0 "
pA ZY ()G, (1) (8)
O, F1Y, PR AL pR KL, PR AL A SR A
J Y,Y, +r®,®,)dr =0 m 7 n (9
HR A ) Uh 25 10 AN 3 5 25 1 vl AAR B0 3 b (9 3 46 R BT ) ok
@ (2)

J G, (D sinlw, (1 — ) ]dr
0

n

M(z.t) =—EI >,
Ve =k'AG ) Yl = &ulx) J G, (D sin[w, (t — ) ]de

' q —Y , dx
G, (1) =+ J“ eA
J Y2+ @) da
% oy 28 T R I ) AR, vT LR U = AT M2k, Rk 00 .
po (1 —1t/ty) 0t <1y
q(t)Z{
0 t >ty

(10

e, HIEFERE] , po HIEETE DT,

EFEEOLT o U THERS 20 B 76 BBl 5 v O SR IR AE — 2 . NI 1 AT LUE Y, TTHE 3% 1) 24 3R 32 Bk
(SRR TN & TR SR TR I N (0 O O 3 ¢ 28 L TR R S ) =W S s ANl P TR R (PSR 8 i
14 2% Bl 24 3R TR) Aot A1 R ARG T A ) AR A 18 Bl R T T RE RS AR . SR T Ll 24 SRR R AR Ak X B R B i)
I SR E 4 AR A W R=00,2ET,E1,0. SET 47 L (ET =22 0925 f W ) . 22059 JLfa
RSF IXh=0.57 mX0.36 m, A RCEEN 0. 34 m, ZRPEAN 1. B AR 0. 012, % F N 2.4 t/m* 5]

VIR i Ry 13. 8 GPa, AR o 0. 25 R BE + AP0 RS0 48. 265 MPa, 8 i B P58 JE 4 482. 65 MPa;
i FE(E po=34. 5 MPa, far 2K FFZEHF 1 1 ms, 1R SHUARA L3 (10) 15 3105 05 19 P9 7 28 f6 1 1
H2 A 3,

(a) Shear force (b) Bending moment
3 - —
2 .
3 5
=
—— R=cc g
L Y A S R=2EI
--- R=EI
— R=0.5EI
0 0.1 0.2 0.3
Time/ms Time/ms

Pl 3 3 i 4 28T AN [) 249 SR E Yo 7% s B 3 125 A6 66 5 )
Fig. 3 Influence of different restraint stiffness on the shear force and bending moment of the beam end
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€d, before €d,after €d,before / €, after Bt s €d, before €d,after €d,belore / €, atter
1 9.42X107" 9.27X10°° 0.098 5 1.72X107% 5.06X10°° 0.029
2 9.48X10"*" 8.69X10°° 0.092 6 3.16 X107 1.35X10°° 0.429
3 6.32X1077 6.17X10°° 0.977 7 6.54X1077 1.24X107° 0.189
4 5.30X107" 1.63X107° 0.031 9 4,02X107°% 3.89X10°° 0.967
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Table 3 Maximum plastic strains of lining elements

HIT G €1 before Elafter €l before / Elafter HIT G5 €1 before Elafter €l before / Elater
10 3.20X107% 7.08X10*? 2.210 13 2.58X10°% 5.65X10 ¢ 2.189
11 3.32X107% 7.43X10°°¢ 2.239 14 3.07X107% 8.93X10°*? 2.914
12 2.95X10°% 6.88X10* 2.333 15 5.01X10°°% 4.55X10°° 0.907
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Table 4 Influence of weak layer depth on plastic strain of doorframe elements

W/ mm e (FATE 2) ea (FATT 6) e (FRIT 7) e (BAIE 9)
0 9.58X107* 3.21X107° 6.57X107° 3.98X107°
300 2.58X107" 2.04X107° 2.88x107° 3.79X107°
600 1.51X10~* 1.66 X107 1.88X10°° 3.88X10°°
900 8.69X10° 1.35X107° 1.24X107° 3.89x107°
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Measures for improving the resistance of a flatbed protective doorframe wall
under intensive shock loading

Zhao Yuetang, Dong Xiaopeng, Yi Yijun, Chu Cheng
(State Key Laboratory of Disaster Prevention and Mitigation of Explosion and Im pact »
PLA University of Science and Technology, Nanjing 210007, Jiangsu, China)

Abstract. Intensive shock loading can lead to obvious stress concentration at the corner of a doorframe
and jeopardize the safety of a doorframe wall and even the whole protective structure where it is in-
stalled. To solve this problem, we proposed to install a weak layer between the doorframe and the lin-
ing to reduce the excessive tensile stress, based on the cantilever beam theory that takes into account
the shear deformation. The results show that, as the constraint stiffness of the beam end can influ-
ence the structure’s failure mode and distribution of the internal force, lowering the constraint stiff-
ness of the beam end can reduce the peak value of the internal force and delay the failure time of the
structure. Using the finite element method, we analyzed the influence of the weak layer on the dy-
namic response and the failure mode of the doorframe. The results show that the weak layer can effec-
tively reduce the stress of the doorframe’s corner and the damaging effect of the doorframe wall struc-
ture so that the resistance of the doorframe can be improved.

Keywords: doorframe wall; high impact load; weak layer; dynamic response
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