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Abstract

Thin spruce veneer was corrugated to make wooden honeycomb elements for the lightweight core
of sandwich panels. Wood honeycomb core (VHC) is a honeycomb element in which the fiber
direction of the veneer is aligned in the thickness direction of the panel. Corrugated veneer core
(CVC) is similar to corrugated cardboard, in which the fiber direction of the veneer is aligned in
the direction of the wave. The cores were put between two sheets of plywoods to make sandwich
panels and their compressive strength (o.) and compressive Young’s modulus (E.) in the thickness
direction were measured. The density (p.) of VHC and CVC varied from 10 to 130 kg/m®. The
specific strength (o /p;) of VHC was 7 to 20 times greater than that of paper honeycomb. The p,
and E. of CVC were almost the same as those of paper honeycomb while its rupture energy was
about 3 times greater than that of paper honeycomb. Finer wave resulted in greater p. and o of
CVC, and greater o /p. was achieved by smaller curvature with thicker veneer. Plural veneers
could be glued during corrugation, but such a plied-CVC showed smaller o /p. than mono-layered

CVC probably because of failure in gluing.

Keywords: Corrugated veneer; honeycomb; lightweight panel; compressive strength.
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IEBATN AR AN LT 22 L8, BE AR LOa7 & UCHIHARE
Ien= ) DR EAERLL . NRVE S FROEMERE (o) BLOEMY Y7 F (E)
ARE L, BoN-aT7ToBE (p) 1% 10~130 kg/m® Th - 7=, B OHHME ST 17 %2 /%
VORI FEIS AT Ton=0 LR B 27 (VHC) OWERERE (odp) (TR =
ALDZND T~20 5T o> 1o, HAROMGHETT M 2 B O HEFTI7 IS [0 1 7 Be R — VR AR
27 (CVC) Do R E i n=h 2DZN 5 & RRRENCRE D - 728, BIRICED £ T
DEZLXNX—[THN=A LDOENDK 35 TH o7, CVC D p, R o 1L 721F &
MoTeh, WO E AW TREREIEZED L0 BWEBRTH W T 2155 75705 o pe
WMo, BEOEREZME L TRIE LSS, RBIZXE D EBDbID o DIRTAFE
b,
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1.

T

B AL & AR EOM B RICRB T 2 EERRECTH 5, MEOBREMITE =R
DB MEOBAMALITE A B OBAERMAE BT D, AMITTORBOHETH 5 23,
FNZIDHICHELLTEMBIO —ODNAKRERENSRXVTH D, REBRE XV, =
B LRARIR EDBNEM (27) &, EBOMEER R EoFER (7 =—R) THRAREY
YRA T RFNO—FET, BEMSFEM E L TBRICEASFAS WD, 7272, FEAR
BBt a7 IcWD &, BHBOFAFIANELL 8D, KMOZNERDH AL E L
Tid, Az a 7R\ T T v o a3 ni’nd 55, EMERE O\t 228555 % i8R 9
Do, EREMEIRFFAIN T DHENRZ U,

H—OFM TR S, JERREICT S0 WKERENSFVEESL 2D, A
RERMEEZWT, BENOSEE R T 2ELLERD D, WEITIT, AT v RS
— T A I NVERBICEIE LEZEEA R T v Fay DRl =T s 7 var IRIERER
TW3, — 5, BREAWEBREa7IZoVTE, BEFL Y I 2BERHL DD, Z
DRI FIERLFEHMEREIZ DWW TEE L < BEF S 2 filid 2 vy,

AREBENLVICRLT 2 A v F ARV DR RKOFHEIL, SOl TR TH %,
ANV OEITHEIX Y = — 2O, 7 = — A O/FE., BLWa 7 o AR X -
THRELN, B RFHENMD2HEIE, =27 OEMBRELEETH L, KIS
B o 7 IEMRENE N, BT 2= ANEWEA, MEAEFTa 7 BAEETS
ZENDHDH, AT DOEEICE > TT7 = —AMOMEAMENT D & Z DOE 5 O #F HIED
KL, 7=—ZADORMERENESNBRNVEE, SXABREGICEMT 2, Leh-T, 7
= — A DI Z i KERIZAENT 72OI12iE, 27 OEMIRE DS +012m < FiuidZe b 7ewn,

ZZTARIE T, AMOZREHNT, EEHMOEMRICROBEASRVHO 2T &4
5L aRple, BEMICIT, BIREZEBICERB L TERBHEER =T ) 2ERL, ok

RRBERDE S| HROFEE N % OEMIRE G 2 2 8B A M L,
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2. % B

2.1 BROEHINT

A EVERL L 72 2 RO IE KR 2 7 O % Fig L IR, BB IIT VT b =7 Lt
R TH DM, R SCTITEE B HROMMES M (L Fh) &)L OR S Fmicm g
72b D& = AR 2 7 REYE(R (Veneer honeycomb core, VHC) | Hitlk o L J51h) % il &
AT HMIZ T 72 b O ZBeAR — VR B = 7 #3&E K (Corrugated veneer core, CVC) & IFES

29 %,

a7 OMEE LT, KB 370 kg/mP D k1 A 7 L— % (Picea sitchensis) BV MHEAS
Au—4U—27 A% —CHHI L TER L 03, 0.5mm EDOHKL L0.8mmED A Z
A A FEMRZ AW, 26 08K EZ FRAKTIC 12 KU ERIEL OB S E72%, 1
R ORI LA A THWIBICHIE LTz, SIS, BB LB Z R 2L 40°C DA —7
FIZAN, —BERRETLZLI280, WRERRKE —RICEE L, CVC 2o T,
1 M OEMREKIE L2 b Oz, $EEA % A LI- B E 2~4 BCERTHRIF L RBRE
J@a 7 HAERI L, EBRICH L7, VHC IZOWTIE, WREERBEEORMERN LS . 20 F %
TIEEFEE TE WD, BB A S TOREETH RN T & 2B 2 M U, £ 2 EERGE
BLTT7ayZIRiC Lk, 7 ay 7 % 10 mm [EIZHEE L CHR ok 2 /ERL L 7=,

Table 1 IZH DO A RT, I bR 722 SS VA Rid— M 7o fl 0 Be AR — U ISV IR
ToHO, S, M, LU A XL, WIELRFR L THEL TR RS, ozl e oK
N=J1 5 (PH) B X OWELER R —/L (CP) I oW T HHIEEFT - 72,
2.2 RRNVOIER

100X 200 mm A ORI HA =27 OWEIC, ~T Z A0 THER © = VIREEA] (2=
FELCH-18) Z A L. 3mm JED 3 77 A Gz lh v f+1) 721, 0.5~1 kPa T/E#ii L, 40°C
DA —T AR Z IR SH2, CVCIZ oW TIEZE N BIROJERRE MR 729
RGO TR | AU T2 RBE A Z B A, TERE L. B8 A0 spietiifb U722 1B 2 46 L

77 ZIUDH DO/ % Table 12”3 ~F{EICE MW L, 25°C, AHXEE 60%RH @ X% H C
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1EELL LT L 72t RIS~ D EMFABR 21T o 72, CVC IZOW T, DY A XIS
CT, 100N LS 3ODEBEEND X OICHW L, b, W, KEHM
B ER 1T 20°C, 65%RH OFRHR T TIT72 5 N& Th 52, AT O#H & . 25°C,

60%RH O RS TR L OB AT > 72, ZOFRMAKHPIZE T 5 A7 v— ARk

TG KT 10.5~11.3% ()T 10.8%) Th o 7=,

2.3 RXRXNVE X FHOEMEARR
25°C. FHXMRE 60%RH DOEIEERE T T, SRIVE I FHHOEEMABREZIT 7=, i
HIHEE L 2 mm/min T o 72, i I—E #FR T I 1T 2 #1310 [BELRRER 4y DAE & % 2 %L D [EHE

Yo rgE (BE) & L. HOBRREIZET 28N EEMRBE (o) & L7,

3. RBLUEBLE

3.1 WHER 2T DEE

AEER L72fix O3 THEERICOWT, K[EEE (p) OFHE L IEUER7E % Table 1
WRd, R—HEEOREH T DITHLOXITIFEAERP ST, EHABERIZE, B
DEWNMEEp BRKENoTz, T, WORKRMBFELHEAE, VHC Op. 2 CVC DZENL D K
Ehole, THIE, VHC 2 ERS S8 IR IR 2 RFFT 2 72 DI L R R 24 A LTz
72O ThH5H,
32 N=H ABEMR 2T (VHC) O EMERME

VHC Do, pev Ec DFE¥E L HEHER =% Table 1 1274, £72. VHC Do & p DR %
Fig.2 12, Ec & p DR % Fig.3 1T, o & Ec DB ERAFENEL L W22 &b, BL
TTIEEILCa IZOWVWTENS, VHC Do idp DF 1 FITHBI L., BB RITEpe. o
DREL IpoTe, T FAREDp, THET 2 &, 0.3mm EDHKZ H Wb DI~ T,
0.8 mm EDHRZ MW\ b DD o NEmMoTe, ZHE, N=A LDTRIRIFE T THIIEN

= LBENREVT IR LIS Wi EEX BILD, VHC OHIEMEE (odp;) 1%, PH
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DEND T~20 5. CP DZND 30~80 (5 TH o7z, T D& D 7@V EMTRE (X, WIE 72
AMHEHE S R S HFENCHEGT G TWD Z Ik b, 7272, VHC D ol p IE AR #EHE T 17
DEAITHND & 110 FBJE LIRS AMBHE TRoZn ERRETH -7z, T70bHVHC
IRV TR, ARMHHMES 7 O AR DIREDBTEDN SN TWRYY, VTR E IO EEI IS
kb0 eEZOND, AEAVZEEIL, ARECHYLND &R r—% Y —HK
IZHARTR D, BRTE D L5 RFINVUIRO SNRD o703, £ ORMEITITMA 72
FNMBEL WD EZEZLND, FINAECTEEKRERIZ, 27 OBEEIZITTFET 50
JERGIS DO I H S Ligv, 72, TOMWMANKEE 2o THRPER LT D
7o, HIEMRENMET 55 EZ 2 b5,

VHC (. BUBRFICHEAEI LT W E WS ESRH D DD, Bz dhif 2 DickE
NueVBE LRWTED, BB ERIZERNAES Thb b, Eio, BFEOH A= KT T
X2 MITIEMGITIR S . ARB & RIFLE OMHEYE, AR TE 228, RKERDT =—
A LHMHBEDED ZE THAMADRG BAREBEASINVEEND Z L2 ENL, BEFRE
HEADICHAPHfFS D,

32 BBR—NVEIER =T (CVC) DEMReHE

CVC Doy pen Ec DFEHIME & IEHER %% Table 1 12”3, £72. CVC Do BELWE: & pe
DR %E Fig2 BLW Figl3 IZZNZENRLTHDH, VHC LHER. pe B KREWIE E o Ee
DEMN-S T2, FRREDp, T4 25 L, CVC Do, ElI VHC ODZERHDOE L% 1/10 T
B olz, CVC Doy X Ec A VHC DZ DT TR Dy o 7o DI, HAR OfikiHE 7 1w A3 faf 7
225 45 HNT WD 72 Th D, —J, CVC XA UMEED CP T~ TR, &isE
T, D odp 1T CP D 1.1~58 fFITiE L 7=,

WD A XPHEIRD CVC Do, & p DEARE Figd 123 d, LT, WBEERIZE p X
e MREL, TDOH A ZXNE LT THIVTHEBDBEWVIZE pRo N RKE o7z, 7272, [
FEOBEETIBRT DL, OB CTEIEREAED LV . EWEB TRV Z1F 2 523

ERmLrolz, 72éxiX, 0.8mmEDH KA >7- M 4 XD CVC (Fig.da Fo00) &
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0.3 mm JE D A & ff > 72 SSH A XD CVC(Fig.d T D O) % & | p 1 Z[FFLE (40 kg/m®)
THoTN, WIHEDOHT RN WREN-T-, ZOHMBEE LT, BOEKIEEZREEIhO R
MRENZ & EREERIEEREESPEE LT VW LR EREXXLND,

BR—=NVE AT D=1 DGR DOSE TR S J57 0 O EMRE T~ = 7 L EE O il ) M
IR oTRED, LER-T, CVC DHMREE E D 5 T2 DIITEVERE AW 5 093 &5
HTHD, LaL, BOWEROEHMES M A2 RKE T 201385 Ty, £ T, ik
IR T W WER ZEBEBRE T 5 2 & T, ~"=0 LEEO TR Z & D b
E#EZT-, Fighio, BEMIE L= CVC Do, ZHJE CVC OZNE B LIZbDE/RT, M
FA X LA ZNTNOGEITOIEERE & bIZa ML, FRFIZp BN L 72,
FERAC, [ Cp, Tl 9% & g CVC (Figh TOMA) Do, HAHJE CVC (Fig.5 H1 O
OA) DFENEI VKL e oTe, ZORKFO— DI THRBOEERR EZZBND, 5HIX
HRR 2 LR & B 1R O TR ISP LiATe 2 & THREB CVC ZAFRL L7223, 2 0 kT, Hp

(R L 22y CRINSEWESY) &Pl ERT 2 2 &N TE RV, DD, KT
WELERBIZE ST oo METLEEBZ NS, £72 23 0.3mm OEWER DA,
AR OBEAIT K D pe DHIN S AL TE 220,

HRIZERZHEIZEMT 27201203, BROBRICEETLL I RBRLETH 5,
LorL, E2ECEETLSHMEzMWD &, BEREURSEL R TE Ry, BEHERE
g DBRICIE, BRI OB Z LI E LR WEE(LYE DA FIC, BFTEMEOBE S — k
ERWOIONREEMEEZOND EE L TR LIZCVCIZRT A 7y MZX o TH
W LTHE CVC ICHANTIBRPZEL TEY . ZOROIMLIN LT WREZL S OFHEN

HDHTD, TORIBTIEZONWTHES BITHFTT 2 MERH 5,

Fig.6 (2, CVC & PH DOJEMi /1 —EMK O — il & Rd, ~N=0 Ll RTHE X2 5
PH D56 SRR DETA= I LEENEIE L, £ O®%RITHELIZIS IR Lic, —H,

BN T-bieZ Sl ThHE X 2% CVC DA, N 15%E B2 5 F CHRIRET ., IR

MEBZ %L RERISHDHEFF ST, Fig6 IR L7= CVC OFRET RLF— (BRIR
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METOIRS—EBBREO FEOMEE) IX.PHOZND 29 TH 72, o ICH L TE 2L,
CVC OPEfEIE PH L RRRETH 208, BRICET =X ALF—RREWVEF I ERTIT,
CVC DFMPH LV o5nic WE Sz 5,

AE O FEERIZHWTZZEHT, B FROBEHWWTFEETHRIE LI D TH H 08, Vil
BORD T oM & v — A7 L 22 I iudde sz b e Tdh 5, £ D —fl%& Fig.7 IZ7R7,
ZHUE. BEREB RO & R ORI, m— L L RIZHATHH DT, &Y
SN HERZN S LT 5 2 SIS RV RBERAE O 5, CVC X VHC & #7221 |
WOHFMIES T 2720 fma AT o8& "\ xLroa7 L LTRHTE D, 72,

iRy e Wrim 275 20 LIEEIEEO/mWHE B E~OlsH b i s n s,

4. & W
BRI ICRIE Lz EEER S T | 120 T, D m & ol 04 A4 XRE S 5

DIEMERFEIC G2 2R BEW LN LTc, BoNTE/RIFIUTOLIICERN ISR D,

1) HAROMHME S 7% 8 S IS i 7= DTG HEAR =7 (VHC) XL 72 TR A
PEZoR L, ZOWEMBEITHRN=T LDOZND T~20f5Th o7,

2)  HUMR OREHME ST 7 A I OBELT T I T 7o Be AR — VLB =27 (CVC) O M i B R0
My v 7RIS = A L FRIRRE DMK o 722, FRREOBE O =7 A
NTHERICEDETOEZRALF=PREL DS WaT THDH LRI NI,

3) CVC LA, MWHERZ MW TRIEREEZEDS LV, EWHERTHWEIEZES T
INEREREE DS @ o To, HEBOBEREZREE L TRIE LGS, RBICLD LB bh b

BREE DR T 23580 b LTz,

£l (23
ARFGE D — T B e B A Bh 4 (GREEE 5 : 23580224) OBhpk == TiTbiviz, it

LTHEZERT D,
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Table 1. Dimensions, densities and compressive properties of materials tested.

67 g DO A7 axb? o p Oc Ee
mm mm)  (mm mm g/m MPpa a
(mm) (mm) (mm)  (mm) (kg/m®) (MPa)  (MPa)
ss 3 10 30x30 15 ?30'9(; (g';) (ij)
0.3 s 4 12 30x30 15 (633'2(; (g&) (elsg)
Veneer M 8 24 30x30 15 ?146(; ((1).1) (178)
honeycomb 129 11 581
core (VHC) S 4 12 30x30 15 (4) (1) (13)
08 M 8 24 30x30 15 ?23'8(; (8'2) (3103%
L 12 36  30x30 15 (6255?3 (3'2) l(??
403 0.26 18
sS 3 10 3Bx70 11 (2.3)  (0.04) (0.3)
341 018 2.1
. S 4 12870 16 19y (003 (0.4
. 17.6 0.046 0.87
M 8 24 607010 55 (0.011) (0.25)
Corrugated L 12 36 60x70 10 (112'37) (883?) ?0'316)
veneer core 26.9 0.14 25
(CV0O) M 8 24 35x70 10 1 é) (o'oz) (0'5)
0.5 ' ' .
177 0.065  1.84
L 1236 3570 10 15 (0.006) (03)
402 0.34 3.4
. M 8 24 2575 12 5ay (0.03)  (05)
. 274 0.17 2.6
L 12 36 2575 12 (1 gy (004)  (0.4)
Paper
429  0.19 6.7
honeycomb 30x30 S
: S,H) x (0.5)  (0.02)  (1.6)

Corrugated 65.2 0.073 1.7
paper (CP) 80x30 5 gy (0.002) (0.4)

a): Thickness of veneer (t,), diameter of mold (D) and wavelength (1) are illustrated in Fig.1., b):

width of samples, ¢) number of samples tested. Values in parenthesis indicate standard deviations.
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Fig.1.  Corrugation using a ladder-like metal frame (a), shape of corrugated veneer (b), structure
of corrugated veneer core (c) and of veneer honeycomb core (d).

Note Arrows in (c) and (d) indicate the fiber direction of the veneer.
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Fig.2.  Average values of compressive strength (o;) of materials tested as a function of their
densities (o).

Legend x: Paper honeycomb core (PH), +: corrugated cardboard (CP), @M: veneer honeycomb
core (VHC), O0: corrugated veneer core (CVC), @0O: t, = 0.3 mm, CJM: t, = 0.8 mm.

Note For abbreviations beside plots, see Fig.1 and Table 1.
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Fig.3.  Average values of compressive Young’s modulus (E;) of materials tested plotted against
their densities (o).

Legend See Fig.2.



Fig.4.

Legend

Note

1
—10.8
g
é\ 0.3
08A| O [X
© ﬁ 0.3
T o1 0.5
@ 0.5 +
O
0.3
A 0.3
0.01
10 100
2c (kg/m3)

Average values of compressive strength (o) of PH, CP and CVCs as a function of their
densities (o).

x: PH, +: CP, &: CVC-SS, O: CVC-S, O: CVC-M, A: CVC-L.

For abbreviations beside plots, see Fig.1 and Table 1. Values beside plots indicate the

thickness of veneer (t,, mm).
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Legend

Note

1
5 3
2+‘x A’.
4
& a4 A
T o4
L - 1
Y A 2 '
O
A
0.01
10 100
p. (kg/m3)

Compressive strength (o;) of PH, CP and multi-layered CVCs as a function of core
densities (o).

x: PH, +: CP, [: mono-layered CVC-M, A: mono-layered CVC-L, l: multi-layered
CVC-M, A: multi-layered CVC-L.

For abbreviations beside plots, see Fig.1 and Table 1. Numbers beside plots indicate the

number of layers.
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0.25 -

Compressive stress (MPa)

00 01 02 03 04
Compressive strain

Fig.6.  Compressive stress-strain curves of PH (p.=43 kg/m®) and CVC-S (p.=34 kg/m®).

Note For abbreviations, see Fig.1 and Table 1.



Fig.7.  Continuous corrugation of veneer using a double roll press.
Legend a: Rolls, b: metal ladder, c: wavy rubber reinforced with metal belt, d: veneer, e:

guiding frame.



Fig.1.

Note

Fig.2.
Legend

Note

Fig.3.

Legend

Fig.4.

Legend
Note

Fig.5.
Legend

Note

Fig.6.
Note

Fig.7.
Legend

Corrugation using a ladder-like metal frame (a), shape of corrugated veneer (b), structure
of corrugated veneer core (c) and of veneer honeycomb core (d).
Arrows in (c) and (d) indicate the fiber direction of the veneer.

Average values of compressive strength (o.) of materials tested as a function of their
densities (o).

x: Paper honeycomb core (PH), +: corrugated cardboard (CP), @ M: veneer honeycomb
core (VHC), O0O: corrugated veneer core (CVC), @O: t, = 0.3 mm, CJM: t, = 0.8 mm.
For abbreviations beside plots, see Fig.1 and Table 1.

Average values of compressive Young’s modulus (E;) of materials tested plotted against
their densities (o).
See Fig.2.

Average values of compressive strength (o) of PH, CP and CVCs as a function of their
densities (o).

x: PH, +: CP, &: CVC-SS, O: CVC-S, O: CVC-M, A: CVC-L.

For abbreviations beside plots, see Fig.1 and Table 1. Numbers beside plots indicate the
number of layers.

Compressive strength (o;) of PH, CP and multi-layered CVCs as a function of core
densities (o).

x: PH, +: CP, O: mono-layered CVC-M, A: mono-layered CVC-L, B multi-layered
CVC-M, A: multi-layered CVC-L.

For abbreviations beside plots, see Fig.1 and Table 1. Numbers beside plots indicate the
number of layers.

Compressive stress-strain curves of PH (p.=43 kg/m®) and CVC-S (p.=34 kg/m®).
For abbreviations, see Fig.1 and Table 1.

Continuous corrugation of veneer using a double roll press.
a: Rolls, b: metal ladder, c: wavy rubber reinforced with metal belt, d: veneer, e:
guiding frame.



