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Tab.1 Midpoint deflection of beam

l/h 2 3 4 6 8 10 12

n=3 1.600 1.267 1.150 1.067 1.037 1.024 1.017

n=>5 1.571 1.254 1.143 1.063 1.036 1.023 1.016

—

n=717 1.556 1.247 1.139 1.062 1.035 1.022 1.015

n=>9 1.545 1.242 1.136 1.061 1.034 1.022 1.015

—_

n=11 1.538 1.239 1.135 1.060 1.034 1.022 1.015
n=13 1.533 1.237 1.133 1.059 1.033 1.021 1.015

PMEME 1.550 1.244 1.138 1.061 1.034 1.022 1.015

% 2 %kﬁ&ﬁ(xM“';“* ) p=0.25)

Tab. 2 Maximum normal stress

L/h 2 3 4 6 8 10 12

n=3 1.083 1.037 1.021 1.009 1.005 1.003 1.002
n=>5 1.060 1.026 1.015 1.007 1.004 1.002 1.002
n=717 1.046 1.021 1.012 1.005 1.003 1.002 1.001
n=>9 1.038 1.017 1.009 1.004 1.002 1.002 1.001

n=11 1.032 1.014 1.008 1.004 1.002 1.001 1.001

—_

n=13 1.028 1.012 1.007 1.003 1.005 1.001 . 001

PV 1,067 1.030 1.017 1.007 1.004 1.003 1.002

R T RIS AR SO T R B RS B
R R AR ST B A SCER (10 ] = AR il il Y
WA AR IS B B2 i . B/ 7 R SCik[10] = A
A5 i 50 Y A AR et B e R R SO, b
THEWRIEE t,=t,=2. 4 mm, % 5Hh =38 mm, %%
b =80 mm, P ki E, =E, = 8730 MPa, E, =
E; =1469 MPa, B I &t G =209 MPa, i} 5545 5%
FIAF 3~ 5,

B7 Jng
Fig.7 Sandwich beam
i 3 Al R, Bl 48 By 86 R, AR SO iR
450 5 I R A 1R 25 BOR BN R 4 AT Y
n= 9IS A S T3 3k T H 5 45 0 5 K 0 (09 2R 22 B/
H1 3 5 nl L BEAE 18 50 n B3GR, AR SCOT IR T2
5 50 (6 Y TR 25 MOk BN, B NIRZEBA



518

H12%

16. 4000 i — i TR AR VF R 22 500, MR 2
BRIEA A RE = LA T AR, — 2 B 7 il A 2o
FRAETE BRI s —J2 0 2 mf He s 7= A= 1 #L 5% 5 = 2k
BRI SORAE A, R 3~ 5 AT LUIFE LA
SOOI R R B A E S AR B (12)
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&3 R EHEELCEM: mm)

(/=150 mm, P =19. 92 kN)
Tab. 3 Midpoint deflection of beam (Unit:mm)

n 3 5 7 9 11 13
A S Sk 1.919 1. 895 1. 878 1. 865 1. 852 1. 840
[10
iﬁk[ ] 1. 81
B (H

WE/%  6.02 4. 49 3.76 3. 04 2. 32 1. 66

k4 B EHRECEM . mm)
(/=300 mm, P=19.76 kN)
Tab.4 Midpoint deflection of beam (Unit:mm)

n 3 5 7 9 11 13
A 8.178  8.130  8.098 8.071 8.046  8.022
k10

%ﬁk[] 8. 06

RN Rl

R2%/%  1.46 0.87 0. 47 0.14  —0.17 —0.47

k5 o AEHEECEM. mm)
(/=450 mm, P=17.022 kN)

Tab.5 Midpoint deflection of beam (Unit:mm)
n 3 5 7 9 11 13

A S St 19.982 19.920 19.878 19.844 19.812 19.781
:[10

f‘éjﬁﬁ ] 16. 99

W#£/%  17.61 17.25 17.00 16.80 16.61  16.43

T B 7 A R AR ) B RS
A ) [m) M B2 280k . b =0. 3m, h =0. 4m,
E=3.6X10"N/m, G =1.5X 10" N/m, p =7. 757 X
10° kg/m’,

5K (36) 1A 4% 1n] [] P 22 1 S 431 4 1) 8 A
6~ 9, LMETHE T

MBI 6~3 9 AT LA Y, A SCHE A5 1) [ 1 2
FERIAT AR T 09 22 sR BV R AR R Galer-
kin JFUHRAS 2 T Z 0% BT U1 AR Y 5 Sy 15 ik 5 e B 45 1)
[ P RSB A RGO T B A5 5 SR sh Hig A
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Tab.6 Fundamental frequency of simple deep
beam(Unit; Hz)

[ /m 4 3 2 1

K (36) 153. 555 272. 987 614. 220 2456. 879

2% HLfig 153. 290 272.515 613. 159 2452. 636
® 7T M I E LRI EAL He)

Tab.7 Fundamental frequency of propped
cantilever deep beam(Unit: Hz)

{/m 4 3 2 1
H(36) 240. 222 427.062 960. 890 3843. 558
2% LA 239. 759 426. 238 959. 036 3836. 142

* 8 Wi E LR HEMM(EALHe)
Tab.8 Fundamental frequency of fixed-end deep
beam(Unit: Hz)

[ /m 4 3 2 1
K (36) 349. 035 620. 507 1396.140 5584 560
2% HLfig 347. 837 618. 377 1391. 349 5565. 395

*9 BEREMCEM.Ho
Tab.9 Fundamental frequency of cantilever deep

beam(Unit: Hz)

{/m 4 3 2 1
K (36) 54. 900 97. 624 219. 805 882. 506
2 W fige 54. 658 97.170 218. 632 874.527

3R 6~ 9 MR IR AN BT Y AR TR e 3 5 5% i, PR 30
I 45 H 0 R BLA

R A B Ny R (R 8 S S N R
Bl AR A N S OB et R TR SO
/=230 mm, b =25 mm, h =20 mm, [HREF,=
t; =1.5 mm, E, =E, =70 GPa, E, =315 MPa, E,
28 MPa, G=25. 71 MPa, p=786. 957 kg/m’, EilH#
gEIRBI AR 10 TR .

F 10 XA E R R HEM AL He)
Tab.10 Fundamental frequency of double

modulus sandwich beam(Unit: Hz)

AYOB PGS —unfA S S MRS B
K (26) 830. 252 860. 647 871.750  763.282
#K(35) 7319. 809 11443. 026 16621. 356 2629. 509
K (36) 7354. 352 11505. 198 16716. 665  2628. 574
Z M 7341. 650 11483. 000 16659. 297  2617. 784

7 10 FRAR SCHEUURE 1 e 0 R AE 4 A B VR TR
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Study on the fundamental frequency of free vibration of double modulus
sandwich beams with higher-order shear theory

WU Xiao "?*, XIAO Zhen'
(1. School of Intelligent Building,Changde College,Changde 415000, China;
2. College of Mechanical Engineering, Hunan University of Arts and Science,Changde 415000, China)

Abstract: Based on a high-order shear theory, the fundamental frequency problems of free-vibration of
double-modulus sandwich beams were studied. Firstly, it was assumed that the axial displacement of a
double-modulus sandwich beam was a high-order function with the variable along the beam height
direction. Then,according to the differential relationship between shear strain and axial displacement and
bending deflection,the expression of axial displacement was determined,the bending differential equation
was derived,and the deflection expression of the double-mode sandwich beam under a uniform load was
obtained. When the calculation results of this method are compared with relevant test results,it could be
found that the method had a high computational accuracy. On the basis of the study mentioned above, the
expression of the deflection curve under a uniform load was considered the mode function of free
vibration for the double-modulus sandwich beam, the free vibration of the double-modulus sandwich
beam was studied with Galerkin method,and the fundamental frequency expression of the free vibration
was obtained. Example analysis showed that it had a high accuracy in calculating the fundamental

frequency of the double-modulus sandwich beam.

Key words: higher-order shear;double modulus;sandwich beam;free vibration;fundamental frequency



