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Buckling of a beam supported by elastic foundation of finite thickness

DAN Zhiliang,ZHANG Liang, WU Jian

(College of Aerospace Engineering,Chongging University ,400044 Chongqing, China)

Abstract ; Flat plates supported by flexible substrate are commonly found in nature or in engineering , such
as skin and asphalt roads,and buckling is one of their common forms of failure. The lateral support effect
of the foundation helps to improve the stability of the flat plates. When the foundation is thick compared to
the buckling wavelength, the existing elastic model cannot accurately reveal the thickness effect of the
foundation, and the analytical solution of the critical buckling strain is not yet given. Therefore,in this pa-
per,a finite-thickness elastic foundation model is proposed for a flat and thin plate supported by the foun-
dation, and the buckling of a beam with infinite length is studied using the theory of linear elasticity. Two
cases of bonded and sliding of the foundation on the rigid substrate are explored,and the concise explicit
relationships of the critical buckling strain and ecritical buckling wavelength with Young’s modulus,
Poisson’s ratio and thickness of the foundation are derived , and the influence of the foundation thickness on
the critical buckling wavelength and critical buckling strain is analyzed. The finite element analysis is car-

ried out to verify the model,and the prediction results show that the results of the model are in better a-
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greement with the finite element results than the existing analytical model, and the relative error between

the model and the finite element is less than 10% when the foundation thickness is greater than 1/ of the

buckling wavelength ,and the model can reveal the supporting effect of elastic foundation more accurately.

Key words: elastic foundation; finite thickness; buckling; buckling strain; finite element
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’ m m
MM (A3) P o, o, Fl 7 TEFT AR T W ASALF 70l

1 2 2D
u, =—Emcos (mx) { |:( 1+v)A+(1+v) Cy+C:| e'"y+|:( 1+v) B+( 1+V)Dy—:| e_’"»"} ,
m m

u},z—%msin (mx) { |:(1+V)A+( 1+V)Cy—< ]_rr]:) C}e'm—[( 1+v) B+( 1+V)Dy+( ]Z)D}e"l)}

(A4)
FEFPE L B3R y=0 &b,
o, == pesin (mx) ,u, =0,
u),=—;msin(mx)[(l+v)(A—B)—(l_V)”(LCJ’-D)J (A5)
AR, Y b BT R ARSI REAEIE TR y=—h 4b A
u, =u, =0 (A6)
B (A3) K (A4)FUAK(AS) Pl fs
A+ B=p,/m’,
2D - 2C
R i (A7)
B (A3) K (A4)FUA(AG) il f3
[(1 =1 +o)ch+ 2 e v [ (1 +0)B = (1 +0)Dh —ZD}e”’l =0 (A8)
DYSa
[ (1-v)c] . [ (l—v)D} "
(1+v)A-(1+v)Ch - e™ —-|(1+v)B-(1+v)Dh + e™ =0 (A9)

MR (A7)~ (A9) [ 15
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3-v) po(l+v)  po(3-v) hp(l+w)
e + +

C Po(l + V) _2(1 +I/)m 2m 4m2 2m

=- +
2 3 - 3 _ )
m ( V) _ ( v) e 2 4 o

21 +m)m. 2(1+v)m

(3-v) ., p(l+v) po(3-v) hp(1+v)
+ +

21 +)mt 2 4m? 2
v)m m m
D= n (A10)
3-v) . _ (3-v) e 2 4 o

21 +)m 2(1+v)m

DY
3-v)D ,, (3B-v)C o2 C+D
A-RB-= mh mh L (C = D)Yh - All
21 +v)ym° 2(1 +v)m ( ) 2m (AL
2563 0(A10) (A1) B IE k1 RN TCI /N, JF 20 e K LA E s Bt nl 4%
4po(1 +v)hm 2po(1 +v)?h’m’ 2
A _ B pfoz _ poz e—2mh _ Po . ) e—th _ izoe—th (Alz)
m m (3 -v) m (3 -v) m
D94
(1+w» (1 +v») 2(1 +v)*hm
C + D :_Po ) +p0 e—2mh + p() —2mh (A13>

2m m m(3 -v)
R (A5) T (A12) B (A13), IFZME hm ™ K LA @ ol | f A5 ) Bh 45 o 3k [ F2 100 1V F7-0 728 3@%
K (3) o XTI F R y=—h 4b,u,=0,7 =0, RAFFER T I, 0151 23 1Ry
KEA(4),

=d
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