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Calculation and Experimental Research on Bending Performance of
Glass Fiber Reinforced Plastics/Rubber Sandwich Beams
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Abstract: The mechanical characteristics of glass fiber reinforced plastics/rubber sandwich beams were analyzed when the
sandwich beam was subjected to transverse load. In terms of simultaneous equations of relation of deformations between different
layers and force balance in surface layers, quadratic differential equation with shear stress in middle layer as variable was got and
solved by boundary conditions. Consequently the more accurate analytical expresses of bending stress and displacement were pre-
sented for sandwich beams. By comparing analytical solutions with the measuring results of the bending test of cantilever sand-

wich beams, the error of the analytical solutions was less than 10% .

Key words: sandwich beams; bending; analytical method; composite material

BN AR E SR IR G SNZARFIIGE 2 B AL, SNE BB A MR R E S AR, JOU R
PSR AR B o B T AR R T LA ER, JELA R RS ST AE, B Ok M 2 N T A IR B 45k
Rl T IE S AR L 2, XTI B AR RN B B,

BT R R i AR AT &P BT R B, el B R E AR L, R RBAA T IR R A
AR, TR R M e R B S e e S Rk, R R B BB A B A AT AR, TR AR
E, BRTASRZ MR RIS YA A e 2 R g 30 17 oMy i 8 i 4 A %, 7 AR
TI R J7 BB TR AR , ARG R S B A R DT e A BOR = (Bl 5 S IR 45 R 0 HL R 20 2
BERF20%%, & EHk, e TR ZRT MR M ESEE IR, A LROBIE. £
BEXTHEED AR I T2 FREE A, HE T B R VR A0 25 Rl IS RN B R A s 2, O L X e R R ATl S e
PE— R IE AT R IE R HER T

1 kRERSHIEENFSH
RGO 5 N Je 2 M R, J6t5 1038 BEA X BB (R, Je R R R RIE N ¢, J S IRIEN ho Y

Wk H #:2006-09-28.
EZE TN A B(1977-), 8 814 . E-mail: shiyong _ sea@163. com




B20% H2M i BE YOS AR AR dh PRI S S 55

SBR[ BT VE PRI, B T B BTy AR RS, R B R 2 (8] 8 BT U 7 R 1) BB AR 3 SR JEREHLT
BT I3, A I A A 1 BR . SeRREIR BRI B RS M, BTN QU

M:2ML+T(/’Z+Z) Q:2Q1+Qc
JeZRT RIZEWOTZ N 2 B, e Z R ITAE o B 8 0 R oy S T N B9 54 3)
IR A 2 dT/dx =+ ar (1)
dM /dx = %ar(h +1) - Q, (2)

K, o WRWTEE; + RR ERE, - FRA FRZ.
M= (2) AT LR B, AR T B, e 2 R B AN S B A 8 A %, e SRR A5G,

[mey | R

~ ( K
Al e —— Q. olu - 1 TP
| —— |l ER |
| Tﬁﬁr x dx ‘#'lf_
E1 FeZREBWEN T E2 SRBETEREWHTEHMMT F3 2R ERTEHREEE

KER T REZESHERMME HVER, u. v 5350 30 B W ALRE i 0 62 8%, B £ 8L Euler-
Bernoulli 228183404, MR Z AR ST AR KR

pdu T ak,> Pv
Ydx ~ ¢ 12 dx

[ g v ] e B SR AR B AR, B Rl A, B R A AN — PR, BT RE R AN IR,
N 3 FrR. mhIESEE BT I A ST Y MR, R A BT K HE R RBE SR RIRERZEIE R,
FE/NETE 26 14 N B V1AL RIS BE A

= M,

¢ = [%y(h +¢) —2ul/h (3)
X
W37 15 c=Gb=S1G+ ) - 2u] (4)
X ()5 2 IR G FE
£r 26 2 2. 12G(h + 1)
dz? Etht3[3(h tere e = aE ht? Q.

iy D7 RS B R B BT VI YRR A

t = Ash(mzx) + Bch(mzx) + 6(h +¢)

al3(h + )%+ ¢

]Qt (5)

Hoft, m?= 230+ 07+ 2T A B WREERAL
t

Wen F A () (2) S (S) AR TR R 3Y B g b 1] T3 FEAE , 2ET KA Je SR R A5 B IER 77
BY NI FIERRE

2 EERTHMNAMBEMNITE
2.1 THEAHE
R Z R —im NI EE, 75— B B, B 6w sz 2] 48 9 7 194E
LB 4 . TSI E 24 i o fnEe B Rk,
R RNEREE, Mz=0,r=0;GLF&HREH, N

<
b

N

x=L,M=T=0,FT2A dc/de =0, LR FHEM4, 7T HEK L L
TR T B2 R B 1 B4 RERMNFER
3(h+ )P [th(mL)sh(mz) — ch(mz) + 1] (6)

C T A3k + £)? + 2]



56 B W #H I kK % % ® 20072 A

B (1) Q) Ml A FEER

3(h + ¢)P sh(mz)  th(mlL)
T__3(h+t)2+t S S ch(ma)) = (L — z)]
_ 1.5(h +t)%P sh(mx) th(mL) 2(L — z)
M‘_3(h+t)2+t2[( m hmE)) 3(h +t )2]

MR =R IERL I (¢ =" A ERE“ + jﬂT%‘zl%‘)o

_ T I2ZMy _ (h+ )P [(sh(mx) _
Ozx = 4f at®  at[3(h + )% + £2] m
thimb) oy x>><+1+M )4 (L - 2)(F1 - 2] (7)

h+t

%%fﬁ%ﬂ%ﬁﬁﬁ/\fﬁ%ﬁﬂ’ﬁéﬁsﬁ W M=2M,+T(h+t)=P(L-z), EF%ETRKTHENA,X
WEHIE T _E AR U B HERf
2.2 THEETHE

T Z5 H’J%E’E’*Mﬂxﬂéfﬁﬂﬁﬁﬁf’ﬁﬁﬁ HEMARHEER B TRENBIZRE, MILHH BT

BREIETRESMPEMANE, W TRESHAE, HEMERE TEHENRELT, BAETRE

XER, LT RE I BT R Z R E’J%E TERRE

TRENESHZE w EHETHEM, RN, MAmE ) T 51N EEE/m AP EATE, Wi Euler-

Bernoulli ZIE AT 41w = ]3\/1/12 HBAREN =0, w=w =0, HF—R1E w BFEFX, B
_ 18(h + ¢)P t2(3Lx* — 23)  sh(mzx) th(mL) ch(mz) + 1 th(mL)] (8)
E.at?[3(h + )?+ 2]" 18(h + 2)? m3 m?> mzx m3

MRZEZE IR ERFRIXATUES 5 1 5L @Y RRAS BRI 05 th AR —, HR%
T R et %t Je SRR i AL T B R o

3 RKRERTHMEEXIEHR

AR K 300 mm, T8 60 mm, HZE 4 mm, Z5E 30 mmo 4
SR S R S B AR (B, S R . B34 42"}“’ o o i w
(AR K 19 GPa, IAFA A 0. 145 BB HT BB B Y 3 MPa, /T |
JAA LR 0.49, PR —SHAIMERE &, B — SR R R, W A g B BEREHIRN R E (R A:mm)
G 5 FimRe 1—6 4 6 RARTN &, FEM 2 S B R ERE, 2 MBI S 437128 110 mm 180 mms

MERKZRRESHI N SEMHRER, DEREREMEE SHEMAYRR, ERNE 6.8 7 Fin,
Ho BRI A # N H R M E R, A o = Ee 85,

3 5 A «

4
6
!
[

250 - 250 250
200t . 200 | 200+
Z 150t Z 150 Z (50l
% 100} . & 100 - . i igg s
| o TRER ol e . SRR
l — HRAR — R or — HE%R
05 o5 25 3545 0 10 20 30 20 T 7T 3 4 5 6
1 41/MPa I F5/MPa e /imm
(a) WAL b) W=2 (a) WAL
250 250 250~
200+ g 200F . © 200t
%n 150+ . E 150 E 150F
L o gmegm WM S o gmmg BT o SBAE
50 — HEER 50 — g 50t _ 11'%@*%
0 7} ) 3 8 07 7 6 g o -12 T3 4 6 8§ 10 12
I /7/MPa I f1/MPa i E/mm
(c) WS @ S6 ) W2
Ee JeZREfMr-R ML E7 FERE5-HREE

HE 6 AT WL, B N SRR SRR T E , B RE/NT 10% , KPS 5 %R
SERGHEEREEKR, TEERNET NBAEE M AMIES &R , 1% 5 00 8 B E A B8



F2o% HE2M A B, % WEN/ARREE AR TR 5 LR 57

i, ISR EE H RBET N5 R RERER , AR R RE
HIE 7 WL, B RN ERER ST ESER U+ Y G, REROTMBRE S BTES ERAMX
R BEE RGP R, BT SR LR B T 2R AT R

4 & &
a. 32 BOBEEEAR AR AT A AR e B GRS i P R D NS sl ER B O O T G IR 5 SU e 45 R A
B HIHRZ /N 10% , iEB e Fh e R R 25 iy 7 )RR B A TH B A A o R S TR 5
b. Je BB AT ARG A FWER R, St R e RIS, R S F T REMNER, B2
2 AT ER I B R R O T e

S 3Lk

[1] Smith, Charles. Composite Structure[ P]. USA :pct/gh98/01377, 1998-11-26.

[2] Swanson Stephen R. An Examination of a Higher Order Theory for Sandwich Beams[J]. Composite Structures, 1999, 44 :169-
177.

[3] Swanson SR, Kim J. Comparison of a Higher Order Theory for Sandwich Beams with Finite Element and Elasticity Analyses
[J]. J Sandw Struct Mater,2000,2(1):33-49.

(4] QM B EEIZRT ST 558 LR [J]. BN/ A4H,1991,(3):17-32.

[5] R IZEHRFT. ERTHE i e fiRsi[M]. Jb2 Bl R, 1977,

(6] JAHM, Bmph. WKBARZREMRBFAIBISA]] FEEEHH,1991,(3):24-34.

[7] Cuningham P R, White R G. A New Measurement Technique for the Estimation of Core Shear Strain in Closed Sandwich
Structures[J]. Composite Structures,2001,51:319-334.

[8] Sokolinsky V'S, Shen H, Vaikhanski L,et al. Experimental and Analytical Study of Nonlinear Bending Response of Sandwich
Beams[ J]. Compos Struct, 2003,60:219-229.

(#5639 70)
S5 30k

[1] AW MR, X530 OEMAF R a REFRAR]]. S22 EHEEZ,2005,16(10) : 1034-1035.
(2] e AREFETAEFHGHEZRS. FEHAGM[S]. b ARTA SR, 1977.

[3] e ARFMETERARE RS PEHMR(S]. 07 AR DA H R, 2005.

(4] #HEG, R &F.FEHE,%. OERTAERSOBET]). FEZ2ZE,2003,38(5):338-340.
(5] Ar—0, AR, THER HEZREMEYAEERTIRER]. $25#,2003,26(12):902.



