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Simply Supported Beam Explosion Response
Based on Theory Models Title
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Abstract: According to the explosive dynamics and vibration
theory, utilized theory model of Euler beam and improved
Timoshenko beam to analysis dynamic response of simply
beam. Blast load was simplified to triangle load. The
explosion overpressure was determined by J. Henrych. The
results show that dynamic response is divided into two phases,
i. e. comprising forced vibration stage (elastic and plastic)
with  load
Furthermore, beam vyield judgment used equation of the

and free vibration stages with no-load.

relation between deflection and stress. The numerical
calculations of the finite element model relatively good fitted
to the theoretical values of Timoshenko beam model compared
to the Euler beam model. Considering shear inertial effect in
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Timoshenko beam theory lead to this phenomenon. For the
requirement of engineering practice, constraint form of
propping end effect on beam response, constraint form is
simplified to model which contains spring and damping.
Through coefficients variation of elastic propping, resistance
moment and damping to research variation of critical

displacement.

Key words: explosion dynamics; dynamic response; Euler
beam model; Timoshenko beam model; finite element model
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Fig.3 Micro-segment of beam deformation

QZAGk[ay(x,t)/ax—goj (15)

p=0—p, (16)

K :QHE s, B, B 48 5 il 1E B g 2Z 18] )
KEMARAD PR

o= (P[50 - G- 52] v
ZIBIRBGHE RO FFEEE . LS 5 i
PRSI B R AR T 7 A B S ) SR B AR R R A it
IENE SR

Eh\rd*y(a,) (1 aQ
(7)[ yaxyg (AG/e) ax] < [o](®
MAE S B (O MRAK (18), A] 15 BB A4

sl S A

1.5 {&IF Timoshenko 35 Euler £ IF it 1E F ¥8 14
R Rz

1.5.1 RETIE AL

TR SRR BAE T RASTE 2 i S AR T By
Bt ABIVEASTE R T RS TE A b Wi SEBR B AL, A
SGHBMEIE R Timoshenko 25 Euler Z2Hif R
BRI .

40 SO B M B BB (FE L AR 4 T B
BPEED FTTE LAY 2 I8P R VL 8% Bl X i SR 3
NG TARRESWE 4 s, B F g0 IR A
MW&kS « WA MRS AT HEE. 2R



1614 M ¥F K % 2 m(E AR 2B

HasE

il B 5 h T 85 . ERZ W M58 LRSI
PEEE e S

Q.

M, M
EH4 FAZRPPURTE
Fig.4 Single plastic hinge deformed of simple beam
R TAEF IR 8 B il r ke, Bk g2
HARFEXT S AR R AN 5 B,

fg\;}rf\

5 BEBERSRRRE
Fig.5 Coordinates schematic of single plastic hinge

IBPER Bl TR N
AV/dx =— P@) +my,2x/1,

0L x<C1/2

as
VAR Ty, HRE SR, YIE
SRR

Vo (D) = Yoo 3 (0) = Yo

{M(O) =0, M(/2) =M,

VO I< [=Vo|, VW/2) =0
Ky AR PG R CGRIE BB HEEED 5 ye:
R B A R RS i RS Vo AR B R B
F1. X R AD G IEE (200153

e s

Q2m

S R

MR IE Timoshenko ZBISHAIH 7B B «
KL/2 0t

Ver = n:LZ;{B“ (iile ) (1 —cos(nn) ) sin(nx/2) «

1= —cos(( [T o)+ [Bsin( /D . o) |

(22)

@D

Ve = 2 (2AP1 ) (1 — cos(nm))sin(nx/2) »

n=1,3,5--

[V BanlB bl B )]
(23)
ﬁ%:ﬁxﬂ:jbl/zaa‘,jﬁ

V2/md — cos(nn)) |
(ED** (nm)"t,

23R Euler L BH{EHE RIS

=)

Yo = 2

n=1,3,5

sin(nn/2) [I* V2EIm (n)Apy (— 4+t —
ticos(VEI /(Ap) (nm)?c/12)) + 1/ 2Aom Ap: +
sin(vEI/(Ap) (ni)?z/1)]
- /Z/—m(l—cos(mt))

(ED¥*(nm) "ty
sin(rnr /2) [14 V2EIm (nm)? Ap; (— 1+
t VEI/(Ap) (n)?sin(v/EI / (Ap) (nx) 2/ 1%) / I7)
V2mEI Ap: (nr)? cos(VEI/(Ao) (n)?z/1*)]  (25)
B2 435I IE R Timoshenko R EL 5
Euler AR yo B ye o (B H1E 2 T #7252
TESBPE B B L B0 R R AL
1.5.2 P BAE
L5.2.1 BYEETE R P s it A

TA] S G2 B M T BV E R 42 I U AR TR JR HE A
IAEARTE B B, BR T T B B 9B MR B S R T BB IR L
APEEE. 6 S B0 OBV BAR T an &l 6 Fita , el vh
& ARUB A Z ] Y FE .
MI S — MUN/M

6 FIXREWBEURTE
Fig.6 Double plastic hinge deformed of simple beam

M2 B AN AE I, B S22 2 AN sh
P BEE 2 MR ES SRR 1 ML AT
EFHBESLANK 7 BIBFRE.

24

yer =
n=1,3,5

Py
u u 5 0

T WEBEREBIRRTE
Fig.7 Coordinates schematic of double plastic hinge
B B2 R B o 0 R AN 7 s B AR AR
RO HZIREFTER

V/dx =—PW) +2my,x/(U—&),
0L U—8&)/2 (26)
HAREHMEZMS R
M U—&)/2]=M,, MW =0
VIi—¢&)/2] =0, [V | |-V,
V() = Yers (D) = Jer
@n

xR (26) B IR (27) 15 3]

yy = (t—r){%—F(BAﬁ/ﬁlm) .

(=D + @ — £ — /Gt ]+ ) + 30 (28)



F1H

W F A SRR B T R R T R SR B 1615

Y437 & IE B Timoshenko FEH ST RITHBNT,
Ve T 318K (22) 52 (23).

UK A Euler ZHISE AT BT, v 5 Ve 18 H
A (20 550(25).
1.5.2.2 $APk&RIRIEE

BB A WS B, A

Imy,/dt = p, Q29
BZRIGAS BB PEERIEE &
o 24M,
=T a—om (30)

1.5.3 Tl ok BB R B
T B R T B
V/dx =2am5,/(I—&), 0o (U—&)/2
3D
YIS R MR CD KRG
yp = 6M,t— 0/ [mU—ED? ]+ $ee & — D) + yer
(32
42 A IEYEBARIBAE N 1 BT, &6 =0. B (32)
v, () 5R Dy, (0 %, 153

ty = myel/(6M,) +1 (33)
1y Ry XUBE B (1 B ).
1.6 EXEBEHRIME
e 328 A thiRshiE R RN
aV/dx =myi2x/l, 0L x<{1l/2 (34

Xy O B i dRSh BB SCR B P AR, TR
SR EM R

yiltr) = (1) = yp,

&f(ﬁ) = 5/;;01) = :iipz1

(35
M(0) = 0,M(1/2) = M,
VL/2) =0, |V | < |—V,|
ARG
yi =— 6M, (" — 1) /(ml?) +
G, +12Mt1 /(ml*)) (¢ — 11) + 3, (36D
]_:EEP:
v, = (0 — D {—6M, (1, — )/ (mi®) +
Ap1 _‘[')2/(2%1)—"51&}—"31& 37
Ipe, = 3AP (h—oA—7/11)/4m) —
12M, (&1 — )/ (ml*) + Fe (3%

R A Timoshenko 35 Euler A0 W BRELTR
IR AT LIS BN B th iR 3h M B (] S 5285 o7 % e iz
1.7 EBEHEHEIGEEE

R KL AR B 2 B0 5 35 B 3 U JE IR
B, A A BB B B, iR I TR BB PR . A R

PBy BEZAE B ] 7, SRR R SR UNTF.
SR IF Timoshenko RN , 4
1—z/ti — cos(z/Vy) +

sin(zQ/Vy) _ M,

39
thQ/\/; MP

R,
EIJ: $, ()¢ (2)dx
oA #(2)de
[[#. @82 @

- J: $ () dx

@ =

(40)
_—

J:%(I)dx

Ji?f'i(x)dx

245k A Euler 2RIES, H

_T _ _sin(z® _ M,
L T =0 Ty,

XM, IERITER LR BEST Ap WFRE
JiE A 25 4L

2 HEISHh S EER

2.1 BARTEFRIEES

RN vh i SUSEELUE F I ANSYS,
LSDYNA FEM(Finite Element Method) #%. /A %
FU R AR A IR T AT BUE R, B LI X L
F ANSYS.LSDYNA FEM #2745 5%, o] 2% sh s
MR E R, PN BIREWMEN —1. 220~
—14%. Bao 2181 S B ANSYS.LSDYNA FEM #§
B3 T AR E fir B0/ T WA IR B T AR AR SR T,
A KR OTR P B T LB A B R BT AR
R, SPHTREEL RS ) AN AR Z T I SC R A Bao
1 5 Ghabossi %1 5T RESS B BISUE B
Bt o7 M £R AR Aot 5 3 i ZR AR AT, BT BT
AT BRI 7 AR s TR AR M v TR 4L
2.2 BBIsR

{8 SRR R R 0. 16 m X0, 12 m, KNy
2m,BE R 7 800 kg + cm 2, SRR E R 206 GPa,
BYPIEE 80 GPa, #IAJEAR R ECH 5/6, WHALL N
0.28, %2 TNT fR4Em BA/EM. BHRE IR 8
FR.

a =

4D



M ¥F K % 2 m(E AR 2B

HasE

1616
\\
: >
B8 HfER
Fig.8 Example model
2.2.1 MR

TNT #2545 3% ) High_ Explosive Burn 8%l
JWL (Jones-WilkinsLee) RS H e, HER N
P=A(1—w/ (RiV,)E®% +
By (1 —w/(R, VoD ETY +wE,/V,  (42)
o P REKE S (WERIE s Vo IR E,
RRFERNIRTRBE ; Ao < Bo «R1 Re Fl w A AL
FE TNT.%E R 1631 kg « m™° s BARHE R
6 930 m» s EBIE S (Poy) N 21 GPa.

=R BE B R NULL & Al Linear _
Polynomial  JRZ 7 RN (43) Fis -

P = Co +C1,u+cz,uz —|—C3,u$ +
(G +Copu+CopHE, (43)

K p=p/p—Lsp. WETEIEE 0 AWIRE
SHE;Co~CARE T RS Z[EMFHEER
R, %R 1,23 kg « m™ %,

BGRB8 WAL B, i B R TS A B A T
WAl SRR LA A RIS, 3h ) A AL B A ] 12
FHF 3. 52 R [ 44 B8 0. SR AF B AR 2R 3000 SRk
Cowper-Symonds Y, 4 47 s Ja8 IR 53 5 R0 g AR 2R
RN Z B AFE a0 T R AR

oo = 05 (14 |é/Dy 44
FH 00, AN B 7B IR 5 0, R BN # 03 JE IR R
BE s APIER; Do Fl no R HFRES 0 X THRBRSN —
HBUEST A 0. 04 ms ™ Je 5.
2.2.2 PITHRER K MAERIAT

FATLHERF Solid 164. FALEHR A 3-D BEAL, 4]
9 TRANEN T2 B nii AL R It E L 8 T S B
TN RER 9T AhE.

e 53Rk A Euler B HWE R
Lagrange 3. ¥, &5 SO B2 2 [ 19 A0 5 4F 2R
ALE &,

YeZ5BA 6 R 5128 20 mm X 20 mm X 20 mm, 23

l/n0 )

S IR FH 40 mm X 40 mm X 40 mm, BT
R4 20 mm X 20 mm X 20 mm. A PR T M 4% R 4
e 10 fw.

9 Solid 164 85T
Fig.9 Solid 164 element

c WE
10 FRETXS

Fig.10 Finite element meshing

2.2.3 GrirAngh

BBIERRARAR Q0 A2, @it i+ 3k
5181 S AR N TR B 220 8 o e R . 4R R 1Al R4
FELSRME 11 fim.

251
2.0

1.51

JiJJ/MPa

1.0F

0.5F

0 2 4 6 8 10
R/ (1074 s)

B 11 BREEHHEMZ
Fig.11 Time history of blast loading

M 12 T4 Ok A BR o B Timoshenko




F1H

W F A SRR B T R R T R SR B 1617

ZERAUA Euler AR5 AR SR JEfT 2
ERT R B E R A BRI m AE 12 fTLE
B ERERBIERT, BB MBI BIR K, B
DIFFE BRI N HIYE . @ WA 12 Al A, B IE K
Timoshenko B EIEIT T Euler 3 ip{H , B
HFER. ATLED 2 S HEEAR TA R LT HE.

AT H—SRERETE 12 rRIME . 55—
B TIHHE P FEIAERANRE SRS RZM A
A—mEZm: B THRETTE P HRER AL
AFRBIC, NPT ERMUMRE , BB E I ] 1)
WRSFBORER A H = I T RAA ROTR B E %
5% Timoshenko 2B FI Euler PRI A HL 15
JEAN, SEEHEE R EBES RN B E RN 5
P, B TR PR STEUE T 18 T W78 AR . BT LA
W T BE SRR Z B ET. QWA 12 7]
VIEH, Xt b Euler BRI, Timoshenko
AN SRAE T e R FA R ROT iR 45 R,
X B THIE Timoshenko FEHS % 18 T 58 1 1H 4

5_
-
L v — L
4 HWRWE  h
— e
c Ry
2 N
[ s 5
= / - .
< e P Timoshenko
B2 7 3
& .«/'
1 /»/"/ L Euler 3
Y e
,/--—x .,-"/
s el I I I )
0 1 2 3 4 5

I 1E]/(107 )
H12 e

Fig.12 Time history of mid-span displacement

3 SRS I X GO RE N RS20

S T RR 45 A6 AT S e 1 0 58 2 4%, S
FER IR A, BN A CA/EH XS4
GHARRUER 2 N T Har AR S T LR SCER,
% 8 AT AL oo R A A B A B g ) 42, TR AT S 4%
SR AL ) 07 [ 5 ).

3.1 MmZARHNAERRERE
3011 )T AR

B 13 otk P(OVERTT A 1 B, Wi R

Rz ERE.

y(x,t) = vo (&) + y. (x,1) (45)

13 BmIARDHEE
Fig.13 Load application schematic of double

supports beam

KA 30 () RR Al B8 B, LB 5 3. (2.0 K
B2 x AR TR A 1 16 (57 75

yelz,t) = DY@ sinGina/D
i=1

3.1.2 Rk 5HE
PEhEE TN

Ty = L[ m(50+ > Vosintina/D)) dx 47y
i—1
RYREV, Ny
V, = k3o +k(

(46)

dy:

dr )2+

x=0

2 0
kg SIS TR BR MR AR K & O IR RE S BT W
3.1.3 "X
7 AR o RHRS DRI R

Q = PWI—2cy, 19

Ko - o um R SCHERE R B X T AR Y B
Iy

o — 2IP(®) /G, i =1,3,5,

P LIRS .. 2
ﬂj [a—ngYi(t)sm(mx/l)] dr  (48)

‘ 50)
0, i =2,4,6,0
3.1.4 Zhhnk
Rk H R L B
L=T,—V, BGD
B UDBEXGDRARAMEIH HHEG2)
d(aL/3 ¢;)/dt —3L/3q; = Q; (52)

PES)

Fo + 2 ZYi/(iT[> ‘|—a)%yo = P/m_a)c Yo
i=1,3,5

4 50/CGm) + Y + Y () +
WY () = 4p/(imm), i = 1,3,5,+*
Y, +alY; () + oY, (1) =0, i=2,4,6,
(53)
e



M ¥F K % 2 m(E AR 2B

HasE

1618
= EI(x/D"
Ws (Tt/ ) /m (54)
we = 2¢/(ml)

wgy = 4ky (/D /(ml)
3.2 B¥TURHITE
g S AR R T 32 o M vy 2 5 S o T L Pk SR &R
BOBHIIR BRI E REL A HIREN =/
Bwy) 31y =wy/ Bws) s7e =w./ (10w,). Eid 3 MSH
BRI A 43 B i =2 R 18 ) (57 B8 FE BN RS R BT o L ) AR
22 .
Ve = Yem/ Yem (55)
Ky RN R R v AR T 3 45
AR B RAE 5 e A B R AR
Ya = Yom/ Yem (56)
R ya Rl KA s yom R B K i A2
R fH.
Yem = Yom T Ve (57)
Bl 1da #3R £4=0.5 s,r, =0 By, 5 r Flr [
FZ. K 14b ¥R ta=0.5 s,r, =0}y, 5 n. f 7.
B R Z. I 15an] Al ys Bl e B re 385 500 98070

by. 2k
B14 t=0.5s,r,=08j, 5j. T
Fig.14 j4 and j. tendency at £=0.5s, r,=0

Yo FERE AR T 5 LE B BT A /N R A B TE,
XETREEVE R B SN B BB 14b AT DL, fEBEE
M re BIBEEIN 3o E AR HY B0 G F B 1S 0
o Ml r 3B — SR E R R BB L E
HERA 1.

K 15a Y t=0.5 s,r,=0.5 Bfya B . 5 7.
A, WA LR you RS o K r. B3 INE
W, B 15a 5E 1da ML T r, BIEINATLLE
MEEE o B3I, T REJE ST A B yon & B
ERM R F T LB TR W R, FE n 5 .
FIXEEC B 7 B IR ESF e 38 I T B A7 RS 7 R 7
Brppr L E. RZA0E 15b iR R B BT R
PR IT & B S5 R 14b 8 HOA BT R

b y. Bk
B15 (=0.5s,7,=0.5075, 55. T
Fig.15 g. and j. tendency at £=0.5s, r,=0.5

LKL F 53 Al T, v BR300 T A0 22 B i 7R
P SRR SRS H T o 9 23 e B )7 A2
PR, % R RO I B b 1 R TR R ALRS R BT
o ECAI3 i T Fp B A% A Uk >, 2422 2R R B
BB = AT A 3P AT LAGE S AR T R A
K384 0 RE A Sl KAy -7 18 52 ST 241 P B A 15
BFES A B Ak o F— mBR T S B R



F1H

W F A SRR B T R R T R SR B 1619

3.3 —ImXARINTERERE
L g SC AR R — i kg ks B ¢ HF B — i
kg ATETT K, [ 16 B BT T 2R,

Tl

kg ¢

16 SERZHER
Fig.16 Load schematic of cantilever beam
3.3.1 ) AktR
Kl 16 R~ POERT RZEIFO, Aife I 2 [
.45 8 v, (x, O BUEARF.

v (x,t) =Y, (&) [sin axr — sinh ar +

CS(I)ISI Zﬁ iig;}}llzli (cosh ax — cos ax)] (58)
AH.a=1.88/L.
3.3.2 ZRFhREFIHGE
TaH
1 .
T, = Ejom@o 5 (e (59
V, HERERZERSEEEL R,
Vo = k33 + B [0y, (o0 /02 T dz - (60)
3.3.3 XA
vo MXTRIE) L F7, 24
Q = P()l—cy, (61)
YR F) SCARRR Y, B9 Xk
-, T
o -MGLMAD
3.3.4 SR
kg B H R ECh(63)
d(aL/a ¢;)/dt—aL/dq; = Q; (63

Hep. g AT AR G=0,1,2,-) , I
{(1602) Fo +we ¥o/2+ A Y; (1) /Ll = P/m

Fo TY; (A + A + A /As + o (al/
0 (B1 +B; +B)Y; () /Ay = 1/m
(64)

3.4 BYTURHIIE

SR B BT, — i S R 2% g 3 P S
AR R BONFHIE R B A E SN re=ww/w, Ml re=w./
Caws).

ME 17a AT, B R 2 B SR IE far 0F F B, 3
PR BT ET & LB REE o B INTTR/D ,

T BELJE 28 0t i HLE 30 B R A2 . e b o el
SRR N Aoy A TS B SR R 9 20 i 8 S B A2
AR B B A E F, T RE e X 2 R A A A B2
e S JB/IME FJF A B, B 17b 1AL, 3R 50K
AR T RIS IR KAE I R REE . BAEALITT AL
AL MTREE i BROSEODN T 0. BT LA AR AF for 00F 32 5
Hh 5 R 2 [B] PR AR X (3 4% 4 A B S R

by. Bk
B 17 £=0.01sB g, fMy. T
Fig.17 j. and j. tendency at ¢=0.01 s

4 it

FERRAERT AT W 328 3 ) R A0 46 3238
esh Gtk A A E IR 3. 25 2 FhiRshBr
B AR AR R R R T B R M AT 2 A R T e iz
155 BRI K. 32 P 3l 7 A 21 R A 14 32 B2 BB P oy B
I B 5 T L SR R A R AR 5 4 W 4R . 2
PR Sh BB BELJE B2 AN BT 22000, 5 TG RH Je £F F At
52 R KE T BB PR R 1 ST A4S N T K B B B
PA—~ 8l e R BT Ik sh. (A i T S2bn LA AR RHLJE
FAAE . B TR SR 22 H PR3 AN Wrosi/h. o ttml 0,
T SRR AR R A RS AR AR BE OB TR KA 2R 558 55



1620

M ¥F K % 2 m(E AR 2B

HasE

A% Euler 285 A F14% 1FE Timoshenko %2
BRI B R IR fr A E I S WS R I R B A&
s R AT A T R B RrE s, X 55
IR R B R 28E T 3 SR R
PREAT AL RS I FR M 2%, 1 — 2545 H $R B AN i T )
KEFRA R 5 Euler BRI L, B 1E
Timoshenko FE45 5 B I 1 #5238 F 7 IR T R 3K
B34 X2 B T IE Timoshenko FHEHEIET
SY UM B 2.

iz F PR i S AR A T 228 iy IR 258 5
5 T shikg B H Oy RSk R ST T s S e SR R
20 77 7 F2. ik X TR R K Ay AR T 30 0w B
SIHTRTL, B R SR SR B NI B R R S NI R
BORIBH e 22 B0 P i 2 AR B2 1) 6 B e A AR K 5%
el AFF 5 2 BH 24 9 g S AR B v T B A SO R SRR IR e
B K RHJE A% 3 ik B BT, BT LUBE e S Ve A A
FAT B F 3R A A R T e AR 42 B0 R AL B IR S 3
P EE ARG 35, AT AT LA S 431 FEA A I R M i 42
MR PR RE .

3 b o £ HE i 2R AR T 2 04 3 0w B 43 B T
ST, R S AR B X A R S R e AR T R dm AR
B AE B AT L L E AR . g K
XA R, Revm AL R e B AL v I BB B
W/ 15 2ZAE % B B 2 BHLJE S RO PR iZ M2
RIFTEAE T 28 Rumid i B A B 8 B 5 b )
et NG I il s B2 g s g <A S BB | S a2 | Y VA
% IF 7 S AR s Ak B W 55 BEL T AR AT AR Ak

S E 30k

[17] ZHANG Ruiyang, PHILIPS B M. Performance and protection
of base-isolated structures under blast loading[ J]. Journal of
Engineering Mechanics, 2016, 142(1):1.

HAO Hong, HAO Yifei, LI Jun, et al. Review of the current
practices in blast-resistant analysis and design of concrete

[2]

structures[J]. Advances in Structural Engineering, 2016, 19
(8):1193.

T, PRME, JEHGE. E/B R EMRAAERT]. TR
HH, 2015, 32(3):119.

DING Yang, CHEN Ye, SHI Yanchao. Simplified model of
overpressure loading caused by internal blast[]J]. Engineering
Mechanics, 2015, 32(3):119.

WANG Yiming, KO Mingyuan. The imteraction dynamics of a

[3]

L4]
vehicle traveling along a simply supported beam under variable
velocity condition[J]. Acta Mechanica, 2014, 225(12):3601.

LIU Huahei, TORRES D M, AGRAWAL A K. Simplified blast-
load effects on the column and bent beam of highway bridges

L5]

L6]

L7]

L8]

L9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[J7. Journal of Bridge Engineering, 2015, 20(10) ;1.

R ke, . IRMERTERR NN TR B iR R 5T
BRI ELT] R R¥F%|CERB 2D, 2009, 37
(9):1153.

KUANG Zhiping, YANG Qiuhua, CUI Man.

research and failure modes analyses of RC-beams under blast

Experiment

loading[ J]. Journal of Tongji University (Natural Science),
2009, 37(9).1153.

STOCHINO Flavio. RC beams under blast load: Reliability and
sensitivity analysis[J]. Engineering Failure Analysis, 2016,
66:544.

WANG Tong, LI Hongjing. Differential quadrature solution to
initial-boundary-value problems for dynamic response of Euler
beams[ J]. Journal of World Earthquake Engineering, 2009, 25
(4 .75.

PARK S K, GAO X L. Bernoulli-Euler beam model based on an
modified couple stress theory[J]. Journal of Micromechanics
and Micro-Engineering, 2015, 16(11).:2356.

KONG Shengli, ZHOU Shenjie, NIE Zhifeng, et al. The size-
dependent natural frequency of Bernoulli-Euler micro-beams
[J]. International Journal of Engineering Science, 2007, 46
(5):427.

HILTON Harry H. Viscoelastic Timoshenko beam theory [J].
Mechanics of Time-Dependent Materials, 2009, 13(1):1.
CLOUGH R W, PENZIEN J. Dynamics of structures[ M].
[S.1.7]: Computers & Structures Incorporation, 1995.

BAKER W. Explosions in air[ M]. Austin: Texas University
Press, 1973.

FEE. TREMHES IEIM]. BE B2 AR LR
#1:,1989.

LI Guohao. Antiknock dynamics of engineering structures| M.
Shanghai: Scientific & Technical Press, 1989.

e TR AR, R0 R EAE FIMI. db3 B B Tolk R
#1,1978.

Beijing Institute of Technology Eight Department. Explosion
and its use [ M.
Press, 1978.
Bhd, T B, BEAR G . %5 . Timoshenko iz s F KB IE R E
ML) FSF R B RBIEMRD , 2005, 33(6) : 711,
CHEN Rong, WAN XUE Songtao,
Modification of motion equation of Timoshenko beam and its

Beijing: National Defense Industry

Chunfeng, et al.
effect[J]. Journal of Tongji University (Natural Science),
2005, 33(6):711.

. TR TR EE TR0 R K B E AR L 5T
[D]. Kb . BIFE R, 2012,

MENG Yi.

reinforced concrete beam under impact loading[ D]. Changsha:

Experiment and numerical simulation study on

Hunan University, 2012.

BAO Xiaoli, LI Bing. Residual strength of blast damaged
reinforced concrete columns[J]. Impact Engineering, 2010, 37
(3): 295.

GHABOSSI J, MILLAVEC W A, ISENBERG ],
Structures under impulsive loading [J]. Journal of Structural
Engineering, 1984, 110(3):505.

et al.



