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Elastic Stress Analysis of Corrugated Fiberboard
under Shearing Force of Machine Direction on Kraftliner Surfaces
(An Elastic Stress Analysis Method by Corrective Beam Bending Calculation)

Satoru MATSUSHIMA®, Shigeo MATSUSHIMA**

An corrective elastic analysis of semichemical corrugating medium (SCM) in single wall
" corrugated fiberboard (FC) under the shearing force W applied along the machine direction
(MD) on the surface of kraft liner (KL) was studied by the corrective method of the beam
bending stress analysis. And the difference between results of this method and the FEM
calculation mactched by this model was investigated. Then following results are obtained.
Normal stresses ¢, and g, of SCM in the machine and the thickness directions of FC distribute
antisymmetrically for the joint, and the shear stress 7, does symmetrically. Maximums of o,
o, and 7. are near distances L./32, L/16 and L8 of MD from the joint on the inner
surface, which L is the wavelength of SCM, and extremal values are on the outer surface at
same positions and are negative sign for the inner surface. o, of the joint is small value +W
/ (2T)), which W and T, are the appled shear force and the SCM thickness, however o, of
the FEM method is zero. And o, and 7, of the joint are zero.

Keywords : Computational mechanics, Structure analysis, Elastic, Bending, Strength of corrugated
fiberboard, Elastic stress analysis, Structure strength, Numerical analysis, Stress
concentration
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Fig. 1 Corrugated fiberboard under shear
test and coordinate
L=9.2mm:h=4.6mm:
T=T.=0.30mm: W=1u N/ mm

BHDOTHBELEEZONS,

FIT, @RI, RROER
EHETIMEOHE VDO E L TERKKIRIC
L. KLBXUHEZEHRB L VEKEF
DIREAILL ., BREMOIENIRRERBT 5.

FHE, fhAmzExEc, BR— ) OREX
HRZzEyEicED., BR—IBIUOPEOE
IhRELDHEFRRICES (Fig. 12M1),
ZFLT. xBXOyHMICEARARZZET S,

THE. z2=—FDEIATI, PEDES
FLOMEyBEORyNEBEEHEIZ t DR
BicHAME YL, ALRIC, &

vo= (h/2) sin (2 wx/L) (1)

vy =y,+ tcos 0 (2)
THRINDB, =L, 0 3y.DERDOHmE
X FMEDIRTH

0 = tan"'(dy,/dx) (3)
TH5.

ATER™IC B LT, BRI D Ol
FRFTAUEIC K > TRE LIS, AIRER
EICE>TROABDOEEHET, T
EICH ULBEOLEZHER L, £IT, €
DEEZETDREZASNMITHZDIT,
£Y. BHORKZRFL. 2ZELTO
NBLVE—A L POFENVIREZRRT D.

BEEHMEDOTEOER EEHOIE S,

C. c

//i]:

“SCM__Is & SCM™.
(a) ’

C_)\ Wy, ¢
/iéél:]:)[lﬁz SCM ™
. M s0 N

MsO
Wy=4Mgo/L
{c)
Fig 2 Actions of semichemical medium (SCM)
at joint
(a) Bending stress in right and left
sides

(b) Equilibrium for moments

(c) Equilibrium for bending moment
and moment indueced by made W,

KETRAEL, ESHLTREELERD LD
2, BEPONS OEBEICIZIERAL T, 5l
ROIEHEZITES TRYIELERSINE
L%, GRITIRLEDERLTFE7OIENIT,
EREE, BITERS A X3R0S MR
SRS OEBICIFIERAL TEC S, Z
D& S7IREIL. Fig. 2 (@) ITRTEDIC,
REERONDOPEVWEHRH-INTNHDS
2, ESHERAEEEL 2P RO E— A
> ROPBVEEIRHEEIN TN,
L7=M>T, Fig. 2 (b) IZRT&LIIT, %
GHOPERNBICABEAICE>TEL S
E— AL PMDKZSITHE LM ED
E—AL I NDOBHEEEETDIENDETH S,
ZIT. BIBVWEHEEELETLIIC. 4N

— 260 —



AR &2 1T BB — L DR S15%HT

I3E T, EABANEOMmRAIZIES OWHEN
TWBHOEEZS, T7ab5, Fig. 2 (0)
KRTEIIT, B—A2 FMMEL TS £
2. Witk BE—AY RN TNBHDE
EZD, THE, WBEUW,HHEx=—L
/4, y=—h/28BLU0x=L/4, y=h2
B <BOE— X2 FMIE

M=— (W/2) vot+Wx (4)
W,= 4M.,/L

M.,=Wh,4

TERENB,

F T, BP0 0 O WA i TS AR
FBIZEK- T, doMiTFi 1o 2kd5 &,
x=0~L/4 DBD 0.4

-1 M, 1 y]
m—T[M+p 1+ Kp+y]

2 4 6
HE B
(5)
TREINB, LEL. 0RVOBELETS
0. N3&EhnH—T
N,=(W,2) cos 6 +(W,/2) sin® (6)

THb.

2.2 ARERBHE

DL BREZADZLYHDOHERELL T,
LROZETHZH, K (5) OHITIEH D#E
BREFRERBECL>TRDIEDBDEDEH
HEBRBTHOENBETHDEEZON
5, TIT, TORYUEZHERTDICTLER
AREFEBITEZEZLUTOL DS IZRRS,
RFEIZHWBEBRR—IIOWBIRIE, #i#iC
L7zMoT. KLBEUHFKEOEE TLB LU
T, %#312 0.30mm, FEDOERFEOERSILBX
UEEhz, ERBRF-IVICULZNN, 9.2
mmBEUL4.6mm" THBE L, PO

HREEZ, BAHIOE>IZRN, 2.7 X 10°N
/M THBET B,

FEER— ) OmMEEBKLICTNERA
(BAWT) AKLEEIZR> TEHE (Fig.
128), BRI OLT, EHOMEHEEE
BL., EHEERTIEDOEFTLLDE
i3, Fig. 1IZRTx=0~L/2THBLEZX
55,

Bz &2EBEL, BRERE (BHRE
2424t CAI ; FD : serial No.000191) iZ&k->
T. x=0~L/ 2 DHifHZEHEZI &L L O
HERBFEB IR L2RH AL,

ZTOERBIROZEL. Fig. 30L31iz. 4
ABER ($130~140) IZXk->TH o7k,

ZL T, K (B) THINBERIZL, Fig. 1
LM, FEOEEOWREMEBEX=
—L/4,y=—(h+T) /2BXUx=L4.
yv=(h+T) /2B HDTHDEEXS
. K (6) LDx=L/AATREN=W, LD,
o ddticksd

o.(x=L/4) =N,/T,
TRINBHBDEEZEAEND, TIT, TH
ERERIIERA (Tabhb, Fig. 10
BCic@<EANA) Wik, IMIHEIZHE>
D &L, Fig. 3ICFRTLDIZ, x=L/4,

Fig. 3 Element of FEM, and actions and
constrations

— 261 —



A#@fEreis Volé Nos (1997)

t=0BLUt==% T,/ 2 DNEBEIZEW, 235
KUW, /4T &Iz, PFEOMESX
=0, y=08XUx=L/2, y=0 (Fig. 3
DO, O") DLF., EAOEMEFLLER
HOFT, BEEZT-HE.

3. TR

3.1 BiIF I HiRA
AREBOELHBRIEHANOREIZE—A >
MZHB, LEN->T, Z0OEHEBHEAL.
HEMNITHARENRHZHDEEZILN, £
=1 (5) KBTI I DEFHZEH TS LIC
EBERHOTHS. TIT, fiEOR (4) B
KU (B) KL>T, PEEMBEDE—A2 b
BLUMITFE N o 28HmT 5. 2L, B
A= OFIRIZ. #ifiIcE&HE, L=9.2mm,
h=4.6mm, T.=T,=0.30mm TH 3 & L.
WZ1uN/mm&d 5,
E—ACMOEERZEHERT DO,
FTE—ALFORMEZEETS L, MeExE

1.6 T
0....
Bend. "®e,
0.8f .. 1
[ ]
[ ]
..
z (SLOOOOOOOOOOOOOS .
s 0TQQ(:OOoooooo*ﬁooo
..
[ )
08 e o ]
..‘Oeon.'
185 53 46
Xxmm

Fig. 4 Bending moment M, and position x
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