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A Study on the Inner Structure of Wood by
the Ultra-soft X-ray

By

Shigeo Isuipa, Jun OnTANI, Koki Kurosawa
and Hitoshi IMAGAWA
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L L]

XBOERMEBExY I BEBTHHEA O - T, REORFIEL I HH 5 IEHEINC
BERAEL IO LT 2RI, XBEREMOREL L LTz biThbh T
e, Ll, MOoTESF L2 EEBTIELETC S TLORTEERE »IZX
BOHEHIE L, »OPRHCHVCLRTELORENE, AKMTERKT 5 0FA
B EAEMBETACEL R, TEAERBRET 25BN OBH LT ORBEEE
HENBZLERMRTH Y, AMTECRSCTXK2ADE Y Eph vV BERRIZVA
WAREBEIEARL TV 0L Bbhs, Lal, —EXO#EAOREEC DV ToR
2, BMAEAEE,D OEMNWERNA+F ThvwiiELbh s,

AL EEOFEEICR G VHP D “BIR X7 12 X 2 RHEKIIE R LR
DOHEBERECE T2 ETOHENHIATL AU, =0 X BITERET 5~20kVP
PHRETHEE 05~25A 0L 0T, ¥FBOERAS L VI ITEAL L UEbh T3

# X % (01~05A), # X (0.05~014), - K ERERD L BEVERED X §
THhbH, —HIOBEXEIL, AU ~BOBRE Th 5 HXBRCH~S L 2o 1/1000
UFOEEREDOLDOTHS,

IOXSEREEN, REREHTRAOCHELSE DL OMRAYRBRE L eh o7t X
BRI DR OBENRCHD ITERY LD U, XEHK, YIHH-- T £ DOREREL,
AMBEAHL L OMBORBERECHNLRET 2 L0LE2 LB, LBHTCH
ERHOETHANRE SR T 5,

X BEBEHBILIZ 9 ETHeL, HHUBHBEOFERFBETHY, ZhrbRAE
BT EEEY LA ACIBEORFRYHL M U TR T T il b iy,
IDOZERAMECERIN LB ELEEAKRTHH, RHEOEFHER HRH - ABHE
HHER, KMoOEBES M, i ouToES X RIBC X A8, TOERNL
BRACEL TORLEBUILORAIRDOZ ENLTHS, ZOXIREHNL, EHLIX
AMOIEHEREOKBEL R EXERMEBLOLD, TRLAMREROKRE CHIKE
OHHCHETAETOBBMNEL S I\, SLRAMMIMZDO—2LLTOAERON
WEBE~OBHK X Bo@EAORERCOSVTRF L, X, TEMGBEE Il
T ORROBEE®RET 5,

AHRO—WIBERFEAEBHRC L > TTTODAL, 220
BrET5,

LCELH

il
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L BRXREZOREER

1. B X Boks X

I X § 212, BREER5~20kVP 10 RAET 2 HEN 05~25A 0 X oz
ETHY, ¥BOERRAS S VX TERHCAVSR T8 X 8 (& 01~05A), B X
B (W 005~01A), %5\ L3 5bICEOEEE X B HB L s ) BEDE
WXBTHD, —HIoBEKXHIL, HULBOBRETHLITARERILILNE L
1/1000 A FOBEE RO LD TH 5,

IO XS EREES, o X KoNEEREYEEST, ChErAHCEATS
BE, HOEIEL > ARMORNTHHBONL VBl 2 A TOBRERLWEZTA X
5eBbhb,

Xray

X@rAEh2E8T5 & F0RITKRECHD
T35, COBYORED, X BOWE, WEOES, lk
EXLIUBECY > TRRS,

wE WEAD XS, HIED: Hsd // Jd
HE 0 DHERCEECAS T B4 Fig. 1), TR :
BOBETOAS X ROREY L, RBHBED l
XgomEsr I L+, TOBRIIERMITAKR  Fig. 1. A sketch showing absorp-
TEb XN D, tion of X-ray.
I= Le (1)

ERCBT, a QBIRBE L Th, p=a2®02 (BL ¢ ZHBIER) THELLI B,

XBIFEERA®ETH >, D2MEYEBSLTXBELX 714 FICBE L, *
DOHBHEELX 7MLV AL TEBRETHZ LIRS, 71 L AaH LD X R G # EhowE
BrBRCORTNE S L, B THRAEEDHEINL LT, — BB THOME~
BEREHCLD 74 8 LEBREINLBRIBEADBOEE LILLDOELE L TRER S,
b, ZhnbRED L OOME, EHIIEL M2 FIMETIZIL, BB
MTH, NTBEHP I b s TWBHFE, BEFEFEEONTELHETHY, &
DBML TR T 5 NBBELFHAL D LNTE S,

Wi, BERCUIERNO XREEY L, REEOBET LI 20fS Y EB L
BoXBEEYThER L L L T58, XEHBEL L/L, i logw L/, Thicz b
N, ZORPKEVCVEZOZOOMGRE X BRI > TRAZIAB - Eitizsd, XK
DHELHELNRIIC ORI XBOBER I ORFVEBRE (D, ALEROKR WX
BB BXBCIAHNBELI LS,
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2. ERLERKR X BER
KRCHEMR LB X RREEERBIRAARY 77 » 7 2B Softex IERTH v, i
FBEIL 0~30,0~60kVP 0 2 BBYIBERTH 5, X BREERIE KM-2 (Softex) B¢
HOKRE XX 20mmX20mm Th 5,

IIL 8%k X RCKE3XRHERKOBRR

EHRO LS nERECRVERD X 05~25A) 10k »T, Vb s ARMOMEE
B, BAREEGAR (oé 2 mm Lk, U728 T JONGEBLOED 5% LiiE%
RiCT2,) CRCTEDBREE TRESAA» LV L MBETHD, 2 2 TRHER
X@o#Elt, ABRFOREIBIUOHEA (KB, EEBE&MHL L L oKV TET
D - REBM A M L L TR 5,

1. #EFsKCERA®

.o ®H M

B, SHEBIL LT=V <~ (Picea jezoensis CARR.), [REMELL T L=V
(Ulmus davidiana PLANCH. var. japonica NAKAD T h ERRERHIE LTAD AR,

INLOFEMMD X ERF A (RMO=ZEANF) OES 50~11.0 mm ORE
FaefBlefL, XBREARED 5 IERBRCH L,

ii. X#RELLUXBER

S—
BBR o X BHREOBEIL, VbY5LE B
o Xray tube T T
BETEIARMHEBEOMEE Tix X <bhbik
WOT, BHRECILE, oL, BEL
Filament Focus

N XB7A4 VA2 D Thbhic,
X REERFOEMIL Fig. 2 CRTE
D TH5H, 744 AMIBVEXKOBZ AN
T, X#BBHpnoTBEE, ABA¥ZoL \
CEESE TR L, Xray 60-100cm
7 1 4 &1t Fuji Softex F. G. (#k:
TH) T, xOoREIEF+EXRFTHD,
7 AN A OB BETRCTRTHESRMECH

> 712,
W (Fuji Rendol) 5 (min.) | J
B (1% BrBRn) 1 (min) k7777
EEWK (Fuj Renfix) 10 (min.)

Fig. 2. Outlined arrangement of the
(BEREERIXTXT20°C th 3) ultra-soft X-ray photography.
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—RCBRAE XBERELE, 1) BEFokwio, 2) HBE (av 72 F) ORKF
£HL0, 3) MBEOKRERLDEIR TV, FTTFTFHERL LT, £RBFCOox W
AnAHlekHT X REBEY LACRBRIACBE 7MLV AHECTEEOESYE R L BE
LIERBON BB 2 AERDO TR ThOBERG L L, ERBF OB¥ LG
i3 Table 1 /RTHE D TH 5,

Table 1. Specimens used and the ultra-soft X-ray
photographic cenditions.

Specimens Ultra-soft c)(():czlli};i cl))r}lxsotographic
Fhoto Surface ’11‘1111 i(}:é{-?:-s ® . Tube | Tube |[rradiationFilm-focus
° a{ilpagr:effsng?x;e irradiated | diation (l:\gl(::isi?ilgtel voltage | current| time distance
by the | direction
X-ray (mm) (kVP) | (mA) (sec) (cm)
1 | Kara-matsu, Lariz| transverse 10 air-dry 19 5 60 100
2 | Ezo-matsu, Picea ” 4 ” 12 4 100 60
3 » radial 5 ” 10 6 180 60
4 » tangential 5 ” 10 6 180 60
5 » ” 5 » 10 6 180 60
6 | Haru-nire, Ulmus |transverse 5 » 10 6 240 60
7 . radial 11 s |10 6 720 60
8 » tangential 11 » 12 4 96 60
9 | Ezo-matsu, Picea |transverse 16 green 12 4 20 60
10 ” ” 16 air-dry 12 4 90 60
-11 | Ezo-itaya, Acer radial 18 » 20 6 40 60

il M E K OE

BEIhEXB 741 208EIZTXT\VHDP 25 Schaukasten (BIEITA » HEFH)
ETABREEREFEME TR -k, RARCRBAYETUN LEL LTOE¥HE
By, XBRIMDIREND, FOBEBEORRE LT -1,

2. BERLER

ERERO—HE, MEIhL 744 a2 BAT LEBEERE TR LE 42X HER
RETs LT3, FRIEREEMNE L TR —ERET 5,
. Phote 1 X FHAABL, EHAEEFATEERCHLD YT <Y HEEEO X &
BHE BEEC XEXrEECRHLBELLLO, UTRE) ths, BHIRL, EH
RBORINTVS, FRFIFFECHBETH D, BEH1LEH~OHEBOZBICREL
FORTOWHEL L TED THBRICRIR T35, kB2, 4, 5FRANCEET S
KEOB VA 4L EEBEETHS, XD 7ML 2% BIHCIERL THREBLEER,
BOEE ORI, BEHEMRDE R & HRMEENY ¥ THET 5 & LR,
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Photo 2 3 T A L, EAABEFRATIBEHCHLE =~V HEBIETH
B BHIZLEENE L, EHRBLISbbh, FRMIFEECHETSH S, Photol i< H
RENPOEMANDOEBOD B Lo RBY, TOBKREL L THERCL2S, B0
BN (BEOFRF2ERYH ) CHETHRVA«XEEBKECHS, XBRBRHY
s EEBEBEOERNSA—KL T2 5E, BEEMBEEILAL L THbbIS2, £hb
B—FK LT WFHE, ThiePliRVCEVWRRTEL b S (EEEMDERS),

Photo 3 2 &H# L, AHPEEAATILE@chics =" <Y HIERE (EH
HiC X BrBECES LY L b0) Ths, SRR, B EHOKMN, BHILE
M0#BIRREL Photo 2 L FBHETH B, HHMHHE 2, 4, 5, 6 F£if B O FERS
MR ED BRI BEERBETH S, NRSEAROERLERCEDIRE L TRD
bhs,

Photo 4 1=V~ VirHE BREEC X B2+ EBECRH LEBE LLLD) THS,
HHDBVKELFHE L OTFIIBMTH D, FHRARTFCE TN LBV RE LTEHS
SRR Ay IFERBSHEARTH D, IDRPILEROMGCBVRIETI KA
BThHs, ThbXhHBEIKSHER, BIESEBROS A HTERS, FRPREL
FCEESES Lol XBREHITE L BEEEOT RSB —RLTWIHERTHY, BEE
FRROBHELH T I LwDXEALA L T iedTh b, ETHEIE
ZHVCHVEIREETH Y, HHEOBREEAF A ENL T2 D0rbh 3,

Photo 5 3 Photo 4 D R#A XSIIEK L2 FEETH5, Photo4d THB L1-#
ERHAHAR, BIIRHESO MRS SR, FEPREOAV ALK ERIEETH
B, XL T7ANaRIFRETEZIL, BELHFC L » CLHER - BFIBSHEE Y BK
LA &M E CRIEXS,

Photo 6 (3 T A B, ERHNBBEFEO I EHICHIS L= VvENETH S, £
RAOILEMNEY, LEMAETORIIRBILERBC I VRS2 LRI b15, Bib
BEH TR OERIEOREH T, FLBRO KGEFLE2FITH H, LB O/MEETE
ELTBFIBERAYET S, EZANEHEDO LS 3, 4AFBORVERT S VTL, b2
CEERIIRBC X ) —FK» 320 BRAIHEKD, b ET I~4FOKEEF OB
N D, RICEDD LD EEOWRETIN SV, EHICRVEROBE L AN/
BOESGLEBFIOBEREF IS5, RETHACESECEZBRCRIEBSHBRTH S,

Photo 7 3 EFAVEL, GHAREEFAOBERICHIZS ~A4 = VHIEAERTH
%, FWRE, ERXHOEM~OHEB, HEOEFIF R FEFIER, iEHSABKIEGA
CELERELTEDDRS, .

Photo 8 (1~ =VHORHE THS, FHHRBICEBICHET B VIS
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SEVHBHEB TH S, Photo 4, 5 b bbhd X 5 CHHEHAKOR, it KidiKBH
TS T KRR,

‘Photo 9 (X FHIEL, EH1BEFAD ILERCHIS =Y <Y KEHDO ()
H4ii i C Photo 10 ix Photo 9 & Fl—BA DKEM TH 5, Photo 9 i\ T EX 5D
ROGH, KEHBFOBEKOEELXZRTHETTH D, BrOFEEED L NI FOHK
BB O HBK OGS R B BRIC 5 %, Photo 10 R REh TV 5 X S ic, KEHT
i Photo 9 DX S5 e KFBHIRINY, FEHEFEABETHS, 7k Photo 9 DFH4
DEADFERACHETLRGHE VST Photo10 B L b % & 5 i BERIERE T
»5, ‘ _

Photo 11 (%7>7c3 U (mineral streak) ¥ &ir= V' 4 2 Y HMoOMEBETH 5, 2/t
CREHEN B LICLDEEL LR B, EFERRBCLONXBOBRRMSERCEL
< FREMOBERL L THBCHbbh b, FREOMERIAK TS, % ONE
DEMICEBVEL R IR TV, ChbohRT U, AAER, RBREOERE ST
bbb DTS -1, . .

DIEFRB Lz X 5ic, #IER X R, FABEEGEZ 2L, H5RELLE (B
ZEB mm PLE) RBA 2 A ORM OEREE 2 S BRMBEA ¥ CHE TS LM
5, BbAOE, WEETE E&LCREE BEORS, BEBIGEOSTRE
(Photo 1, 2, 3, 6, 7) 7e &»5, KB E T, F & LTHHEKDOK, %7 (Photo 4, 5,
8) i ErBEBEHEL, :

XBRBHAEEANBRAROEAA—HK LB roMBaoR LESEOS B
BLLTVXREEABIES N 5bTH 5 (Photo 4, 8), X FoME & AMMME %
Mg, X 8BS R R ORAY RS RS # 5 & LB I A L
2, XREHE, BYIhHAMRBIOES, BALBE 71 1L AROEE & v BB
WLELDZ LIV DLIBRELTNITFIRTH S L Bbh 3,

8, MEomME TN, KM, HihT UL REMAR, BREMSEERCEL
TRABRE TR, RE2LABRTERL ¥HBAERLVLOTH -7, X BT hRRN
BMORBLARCBIET 5 - LK, BoklH, 2T Ui, kohsEogy
BHORRLXBRIZ L L5 70nTH B, ChHLEDWTIR S SITHMA RS ED
el bine,

L. 88 X RCELIAHOLEIHORE

A OHBEBECKE AV BY 52 bERO—~2%, KHBMEEGOHBREED
BTHY, THIIKEL L ORISR B05H, AHOKEL, +oNnBHREORLEDL
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BED—D L LT LAHKS,

B ERFRFBABRAERE #2D% F15

Fo TARMOREYBRELERCHET S LIEETH D, BeOHEI RHE

hTwah,

1. BBRABXURRG®
B B A

i

E& I:
BE L OBEFRYRIFT 2D

BN 3 % N3 N X % i

&+

NRBEOREMLY,

g1

-2
-

N

7
*
X F F v
AR
A T
o= v
v T 7T

F ¥ ®

7 -

%
(Ezo-matsu)

Kara-matsu)

Buna)

(
(
(
(Udai-kanba)
(
(
(

Hoé-no-ki)
(Azuki-nashi)
(Ezo-itaya)
(Mizu-nara)

(Haru-nire)
(Koshi-abura)

(Yachi-damo)
(Kapur)

CTHBK X B X3BE20RME OFHLE (R & 1ERACE
FuExo5 M (FRID KoV TRET %,

— KRB R OEHUBEEFTORBRAZE A LI X BT LD 7110 4 8OFH
THROBEBY 2 ODATERY Bt o1,

& %
Picea jezoensis CARR.
Larix leptolepis GORD.
Cryptomeria japonica D. DON
Ostrya japonica SARG.
Betula maximowicziana REGEL
Fagus crenata BLUME
Cercidiphyllum japonicum SIEB. et ZUCC.
Magnolia obovata THUNB.
Sorbus alnifolia C. KoCH
Acer mono MAXIM. var. glabrum HARA
Quercus crispula BLUME

Ulmus davidiana PLANCH. var. japonica
NAKAI

Acanthopanax sciadophylloides FRANCH.
et SAVAT.

Frazinus mandshurica RUPR. var. ]apomca ‘

MaAxiM.

HEO R 5 KBTI ZHREO G PNRBRA (B R

lem, BBAAK lom, BHEHEKH 25cm) * 24 @R L, FABRFEIPERLD 2
ERMYTELECELIOCARY L, REX Jung HBOKRE 1 7 = + — AT ETF 7,

S8 11

FERMNOLES HMERBRKF & LT,

=V =,

NT =V REH b R

J7iE 1em (BATJTIK 2.5 cm, BEEG K 1em) O/NABA 2 ER LA,
BTN TORRA L, XREEBEUHOKELE, SRR RDI,
Bk X RERREF &

ii.

X#EBoEZ YT HIDE,

HEEL7ANLADEHEY TELETEL (KERT

Tlm) U, BOEXKCODARXB 74V A FCRBEYEEIETEZRE L,
XgwatAri:, EBRI1 CXFERBRAOHOER - N—ihXvER LU KH W
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iz, E£% I ciBiEs e, Thifh—%3el,
X HEBELAHETI—BELCTREORY Th -1,

BFEE CKREFE) 19 kVP
& T biiia 5 mA
B 5 B M 1 min.

FH7AAL A, 741 2B BT GSEBRK) LRALTH S,

iii. mEoOME

HEBEXD 74N ATHHIZESTRLELTMPBCEB7 I L A FHR L TRLHE
DERILFL 8D, BEXOBEY L, BEXoLhy L[ LTHuX, L/ #FRE, I/]
Y ARBHE LY, =074 4 s0ORE (Optical density) iZTRD X HCEHRZIN D,

S = 10g10(10/11) (2)

BERBF X XBEE LL7ILVAOREY L
tBlef /a4 A~%— NLM-VIL BiC L b & Slit
OHETHE LI, Y4787+ b A—K—DAY »
FHERE A 20 #X 250 i [BE L, Fig. 3T X 31,
BE7 AL aw, ZRITERBOBERAAC, & Scanning direction
B I GBS AR EES S, thboREREYE S| | T
BRE LI, ERI T, £H+10RBRF O EHY
TRtz 740 A OFEEEEN Locm OREMBEND

1/4mm EfRCEEDEYFALE D, % OELERHF o

B, BRBHOTFLEE: LI, 20m
. o re 1) Fig. 3. Slit size of the den-
iv. XKHOLEET ML LRE sitometer used for measure-
TANADEEILEBX BECEGETEND, ment of the specific gravity

of specimens from the film

DRLvESLHRIIC, XBOHER, WEORTH which moves to the scanning
B, WE, BEXCL)REShD, direction.
AMOTLFEMBUL, FECd OBV THEE, BRANOEIALIC L - THRA EEN
W s, FHLEAHRBREOREFESX—E L AT,
Wi, RBRFOBEX 4, FFES 2, A XBROBELTRC—ELTHIE, R
BERD X ST B, |
I=Le* : (3)

ok 1: RBRABBKO XQoBME 0 RREOEE
L: RBRAREOAS X GowE b % K
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XT, 740 AEECEGEMTL, FoBMANE BBREEr—ERBE, 710
ADBRXL, FOTANANDAG Xz s ¥ — il 5, LLICHTL7 A1 A
DARBHREA O, O, 74 L siftfisn S, S, &ThUE, WALKILT L,

O = Oye * (4)
WD A &,

logio O = logi, Op—(logyo €) k0 (6)
IR

S = Sy—(loge) k (6)

Liehio T, 744 A% S kB omE o, MHAMRARE ORBIILED—KE
HTerRxha,

HB [Tk T il TRDA 7 A 4 A DOFIGERIE L RERCE LR END
i O BB R A B L, B L B OBRR L BRINCKRD I,

F I T, B TRO-FRA L DR S HE O A R RE MRS L -
TN O ML 5 A B LT,

2. R LEE

i kELREOCHER

FRR I TOR2ORBRE O X 710 A REHHRE - OREMRLEL XR7 1L
AE OPFEI G H % Fig. 4 (1~24) 12377,

Fig. 4. Optical density curves of the specimens obtained by

the densitometric scanning of their X-radiation films.
Scientific names of species studied are in page 42.
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L . : L L L pan 1 1 1 L 1 [l 1

Fig. 4-1. Ezo-matsu (heartwood) Fig. 4-2. Kara-matsu (heartwood)
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Fig. 4-4. Sugi (heartwood)

o
[0)]

o
o
T

Fig. 4-6. Asada (heartwood)

Fig. 4-7. Asada (sapwood)

Udai-kanba (sapwood)

Fig. 4-8.
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Katsura (heartwood)

ig. 4-10.

F

(sapwood)
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ki (heartwood)
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Fig.

Katsura (sapwood)
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Azuki-nashi (heartwood)

Fig. 4-14.

Hé-no-ki (sapwood)

Fig. 4-13.
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Fig. 4-15. Azuki-nashi (sapwood) Fig. 4-16. Ezo-itaya (sapwood)
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Fig. 4-17. Mizu-nara (heartwood) Fig. 4-18. Haru-nire (heartwood)
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Fig. 4-19. Haru-nire (sapwood) Fig. 4-20. Koshi-abura (heartwood)
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Fig. 4-21. Koshi-abura (sapwood) Fig. 4-22. Yachi-damo (heartwood)

08r
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Fig. 4-23. Yachi-damo( sapwood) Fig. 4-24. Kapur

AEBTIL, ThrhoRdBRicou T, XSGR &R o B m o8 R
FTLLAELU T fesd, TR b OREMBOMRLE Xk 2%, Fig. 4 X v #e s
ek 9, BEMBORIIEIEC L R D, iz 7+ (Fig. 4-9), 3 X+ 5 (Fig. 4-17)

TlL, o< bNEREOEN KT OO, BB BE B bnittooTh 2
}’;K_ HA

%srt?'}ﬁ‘eki'm X G EREHMEEL DT 7 4 v s D FHEE 2Rk, 2 4 a Bills
NREE L SEE Le, &ERBIORELEL T 0O 7 1 L A OF @O 2
Table 212, X+h b D EHE% Fig. 5 125,

AR o RN Rt HEL, 0357 (%Y 73#)~0754 (2 X9 Z.0#) TH D, Fig. 5

EDHIB A0 X 5T & G EIT AOMBBRICS b, HBIGRE —0992, [ENREL
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Ezo-matsu(heart)
Kara-matsu(heart)
Kara-matsu(sap)
Sugi(heart)
Sugi (sap)
Asada(heart)
Asada(sap)
Udai-kanba(sap)
Buna(sap)
10. Katsura(heart)
i1. Katsura(sap)
o 12. Hé-no-ki(heart)
I 13. Hb-no-ki(sap)
14. Azuki-nashi(heart)
15. Azuki-nashi(sap)
16. Ezo-itaya(heart)
17. Mizu-nara(heart)
18. Haru-nire(heart)
19. Haru-nire(sap)
20. Koshi-abura(heart)
21. Koshi-abura(sap)
22. Yachi-damo(heart)
23. Yachi-damo(sap)

. Kapur
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l
0400 0600 0800
Specific gravity

Fig. 5. Relation between optical density of the film irradiated by

X-ray through wood and the specific gravity of the wood
in air dry.

Correlation coefficient :
R = —0.992
Line of regression of Y on X:

Y = —0.959X+1.179

Y : optical density
X: specific gravity

=—0959X+1179 (Y: BE, X: KELE) #1885, ~5Vy+0EHEEL L Cik, E&
B &Ry & OMEBERE L LAY, WEX X {HEEET 2,
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Table 2. Numerical values of specific gravity of the wood specimens
used and of optical density of the films irradiated by X-ray
through the specimens.

sl s Q| S | ol | of Sl
1 Ezo-matsu (heart) 0.774 0.447 116 2.7
2 Kara-matsu (heart) 0.716 0.473 13.0 35
3 Kara-matsu (sap) 0.717 0.450 1356 3.8
4 Sugi (heart) 0.775 0.409 10.4 33
5 Sugi (sap) 0.826 0.376 114 3.0
6 Asada (heart) 0.525 0.687 124 1.3
7 Asada (sap) 0.537 0.644 12.3 1.2
8 Udai-kanba (sap) 0.576 0.612 11.0 15
9 Buna (sap) 0.588 0.601 122 1.6
10 Katsura (heart) 0.788 0.418 9.9 0.6
11 Katsura (sap) 0.866 0.357 105 0.2
12 Hé-no-ki (heart) 0.778 0.439 12.0 33
13 Hé-no-ki (sap) 0.752 0.439 12.1 15
14 Azuki-nashi (heart) 0.567 0.634 12.8 15
15 Azuki-nashi (sap) 0.589 0.601 12.1 2.0
16 Ezo-itaya (sap) 0.632 0.560 12.1 1.1
17 Mizu-nara (heart) 0.497 0.754 9.6 21
18 Haru-nire (heart) 0.502 0.712 11.8 2.7
19 Haru-nire (sap) 0.513 0.695 120 15
20 Koshi-abura (heart) 0.476 0.734 114 2.5
21 Koshi-abura (sap) 0.502 0.695 11.7 30
22 Yachi-damo (heart) 0.501 0.705 12.0 2.1
23 Yachi-damo (sap) 0.501 0.719 11.0 14
24 Kapur 0.476 0.745 11.7 —

* Scientific names are in page 42.

. FRNOLES®

ER I TRp/c=V =y, #7=VHRBROREHR L LHICNIET 2 XRER
% Fig. 6, Fig. 7, Fig. 8 iz,

ChOBREHGALLES MR (C 2 CTRRRIOERELZOEEHEATE) IV
FORBOXBEENLIPELM L 51, MEERZ L5, EMILLEMH~OHR
i, =Y TRRBERNTHY, »T <Y TREMTH 5,

= /= v @H) (Fig. 6) TILAERRIE 20~30 mm (G Fif) TEBEKARK 129% o

KL EIL R AAE 0802, & /JME 0.213, SEI5{H 0440 TH 5, R—F#gHToLLES M,
FEM 2D EMCHE - TEREHECITERMNCHMNT 2HANRBDL R 5,
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h 5=k (LH) O AFgIE 1.5~18 mm (Fig. 7 o445 2 4if) OFHmTiL, &
K& 137% oG m b dL LAt 0.864, fiz/IMid 0.140, “E¥fii 0496 TH 0, FH 2B HH#
ANTZIFEBMCEINL TV, hEFRE 3.0~43mm (Fig. 7 0/ H 3 Fin) OFERET
It GKE13T7% O R A 0.854, &Ml 0.140, SF5ME 0.371 TH A p, IS
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Fig. 6. Specific gravity (in air dry) variation within the
growth increment: Ezo-matsu.
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Specific gravity (in air dry) variation within the

growth increment : Kara-matsu.
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BERTV 5 3SFERAME 4 CHETIE, ThXThOFRN TOREZILEDKKAIE (0854,
0.760, 0.724) = 0130 ENEH LI, Fig. 7 0F»H 2FHE OFMT BT, PR
o X BRINO KX VB E, BEBEEORT THH, LFEHIE 65~78 mm (Fig. 8)
DOEHRTIL, SXE135% OKELEILRAE 0880, Fi/Ml 0135, F#HH 0325 TH %

, BHETOREOEENH D, HliiE, Fig. 8 0EMOFHOFEMNT T, KEK
H0.135~0223 0EEH Y, FOREI X BEHE, L LEERNBYCHEIEEXRS,

L EDERNALHL AL 5, REMAEEEY ECT D0, H5VIEEENY
HRTAEICL Y, KA (v LIEME) © XBHEB7 1V A BOFEHREH,D X O
K M) OB ELY, LEDT AL ADREMRE, D EEFACHT 5 AHEEDE
BrEMClET S o LK S,

IV. 8 X BRICEIRIEABORE

B ks, I, HI s\ Tk, B8 XBIC X 2 RMEMOEBREE, LEAEY
Fitev, FOTHEELR L, ChbEHCOWTOEROMEY L Lo LT, Bk XE
BRI L D—oTh % AHONIRECHAHK S 7 E 5 1k BE L, SHEABOHE
BB E O RBI G & B2 I K ER % 17 - 1o,

1 BEHHKURRS

Lo B’ O#

BRI, W2 WA JAS) & RERAER (THARET, AROKE S L
DR ERTED S NRERIC T » 188 TH D, *OEMA Table 3 15T,

Table 3. Explanation of the plywood specimens used.
|

Wood species Thickness (mm)
Type of Number - .
plywood of plies| face Cﬁ;jﬁ core face cgo;(si- core | o1 Adhesive
veneer | = . | veneer | veneer ve;eer veneer
Type-two _ _ urea
plywood* 3 lauan lauan 1.3 35 6.0 resin
5 » lauan " ] 25 40 25 150 »
: Shina :
Rejected 'l 3 | “Sen — | lawan | 10 | — | 40 | 60 .
Py Kanba

*  “Qualified” by Japanese Agricultural Standard (JAS).

**  “Disqualified” by Japanese Agncultural Staaadard (JAS) because of some visible defects
on the surface.

_haﬁﬁAw&ﬁ%&k%érwﬁL Xﬁﬁ It LT,
ii. BEHFEHEICBERYE
BEIni-RABRFOE XL 6~15mm Th 3,
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BEFEIU LAKETHE, RBHEE2OEHTTHBYL, 71 22 HER
BLIEHEREYRN L, EABH GIE IV EBELEBELRAIZBELREL, ThTLIH -
TBE L, Thbof&f% Table 41233, kR 7444, BREMATIL I &
MBERTH 5,

Table 4. X-ray photographic conditions for the plywood.
Samples Tube voltage Tube current Irradiation time
(kVP) (mA) (sec)
3-ply plyw. 16 5 240
Type-two plywood* [ Py pyw
{5-ply = 16 5 600
Rejected plywood* (3-ply plyw.) 14 4 120

* See Table 3.

ii. 8 2 5 &

BEIhE X741 408213 XC, Schaukasten | THERRITEREEILFEE
BE T, ABRCRBA 2 EEUN L, XRFERLHILIER1 DL, TLLTEF
ESEC IV FEECRDON DL ODOBRY e » e,

2 BEREER '

BOREERO—B%Y, BEIALXB 7M1 a2t LBEFETLD
T5, FHIMRE L C—BRBLH S,

i SEoRESmIEXRE

Photo 12 1 HR2%5 754 5 v vERO X BIEEEE (XRLAKEHR) TH
5, kT, ERECELIAVRIEZ T SAOBETHY, &7 71 OWMEH L IRE b
25, HROROBEEORMBCKBELXEAL, BETHZLickh, TOHEEDOH AR X
h—BHECT S - Lok, FEERCESBLVRKVWEBLERTH S,

Photo 13 xR 23 751 5 v VAl X B FEEEHECTH S, BEEOEACE
BHNEROBMEF I TH Y, L TRIFACELBRALROBMES R TH S, BB
£754ADBEETHY, R, ODROBIEH AL CREN L <bh b, TOZIRREBILTE
SREEMSPULEThThS, 754 CRBHIORAL LS EERAR KM T2 2
EHHIKB,

Photo 14 13285 751 &0 X BFEEHE TH 5, EHAEFTMTEDRIT
FER, OROBMF A TH Y, LTRHFECELIRIBLOBHEST A THL, ThXhoD
754 OIS M FECHEHINT D LRSS, TR0 XREILH D,

ii. &

Photo 15 i31ifi 23 751 6D X W FHEFETH H, REH» L& LEDH IS

§L\£

B
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WO H L E AR T, BEPRBEIOTRCH L0 THH, HOMEL OO
nicEbbns,

iii. & B

Photo 16 3 RE# 3 771 5 v vAERO XBFEEETH D, REANDIXADL R
e ODRICH 2 RILOREART, RHAMNCELIBBORCELRILTH 5,

ivv X # h

Photo 17 3>+ 7754 G0 X BWEEFR (SHRKALE I oA Y » TRAK
Fofimc XBexBECRHL CTRELLLD) THoH, E0L2HEHEL4BBO T T4
CHEBEOBENNLDONE, MICESI4FDBRIEBEBTHY, MA0BEhOES
BEWCEHTRBEETRELADbR, TORFCEBFEBEL TBH LERL T
5, XBENhOZOMOBTIIALED bR, BTt > TOLRENL <hrd, ol
BEAIAROFETE TR —BRAIHPIARAETH - o,

v. Bigogih, B3R CERR

Photo 18 il 25 774 77 vARDO XBFHERTH H, RKE2HIXEDH
REWIROOENCEERN N BEEB L TV A REY R T, BEBRBICELEAD R
BOAEOOENCEERN R LIRTTH 5,

Photo 19 3HK2E3 751457 VvEHOXBEEEETH Y, LROFhIZE L
RS EAROREEEYRT, DRCAL Y RELRERYSH Y, FEOBBEIEER DO
EBRLHETTH B, THhCHET LRV AR TH 5, hsRBH OEELH D
RIhbORBRADD R 1,

vii N¥EE, #ER

Photo 20 3 RA#K3 754 77 vEROXRPEFETH Y, LIRO~F &L, @
BHYrRT, BEPROPLEVCEHRORGH, BEHOLDICARIHEETH), hRe
REFHRECE D B My ix, Photo 18 THBI LAk 51T, MROENICEEFNES
LB TH b, FEREROHRCEI BRI FARETHY, ThOLRILSFEELFE
WRRBFICALbATW5, BEAHO ~FH¥E, TOEFCIBELDY, Wb B
FV/apobbhTnadheEd, RELER (BETIEIALRIRTH5HS) 536D,
~FERHIIHT I REFCHRbA TV ERT2 I, B IhbLORBERRBRE OXM
MHHREDL N1z,

Photo 21 HiBi2HHS 7514 57 vARO XHEEEHETH Y, HliLBT 5 ~F
e ERT, FERREOLTRELREAFEEHFTHH, ~FEBTEBREIL
CRIFTHBM, TOROERTERNES HDOIAFERCELNCERERDIEDE
CEOHETCILD LV S, EUORKRLEIIX 055 HMOZNIZ046 THD, ThIT
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3 &S X BRINOENTHEDEREL LTELhALDTH D,

vii. BRI OEREERR

Photo 22 3 AREH3 75457 YERO XBRPEEATH S, LRICH (Z0FEH
BRI TRTWTR L) ZOMOREND Y, ZOLDEELWEERRISRDL
A, NBRMEELZOREDL L kv, BEENIFETIBRD LT L L TEOREIREY,
Boohb, kEIOREFREIRBF ORE»L IETRDLIRI,

DEXhBL Y SCHEERBEEAEY 2 BIE, READIIAD S 2 LA HK
W& T 74 O, BIBE, Rl bl s MModlh, MR (Licsi-TAREL
TIEHHES MR R I Ex BT A HEVHRD, XET 74 OEBADOVHVHIR
A, BbdEh, RA, FLVEHh, ~F5ERR, BEKEERRLE SHBAHKD,

Bih, BEETRIEEARMETH 25, Ao XK VFEEELLEE R EHAT
DBEIREBR TR LAERTETH >, BERLC LSBT OV T, Wil
BRRBEE 2 bR DB HEORBIH KA, SHLCHFEMEARNDETH S,

E ¥

Bk X BT X > TAMOREOF B IBRE LT85 oo OERHME L LTHEK X
B L DAMAROBE, KEOMELT 2L, IS IhbOMREY L LT LTKREN
Bo—oTh 3 HERONBEEL 1TV, FOREHE OB X RoOBM O HENE 2 H
Hil, ZhOoHERYBEHTHIIROED TH 5,

1 AME#gC OV T, Bohk XBEENLEL KL 5 CRE B8 £HC
Lo T AMOERHEDS (B BHMOKA, EMHLEM~O#BR L, Photo 1, 2, 3, 6,
7) pb, A MM MR ER (GEE, EE, BeHER, BilEE L, Photo 1, 2, 3,
4,5,6,7, 8) ICW B MEBRENTETH 5,
' 2. =V~ vHoKH (Photo 9), = A x¥HopleT U (Photo 11) Ie & TR Sh
ki, BroBYWHIZ L L5 X RO, AMHILEEh 2 —BoKy, 8
WEI E DGR OMREAREIZT 5,
3. SPER, REBAI15EEL Y 24E0/NREA (EX lom) HFRL, —EO
BELE AL BEESR), BELH EXBHEBR) CIIBLRAL7AVARELR
WHE L OMBIBIH AR L, MBS R=—0992, ERFEHR ¥=—0959X+1.179 (Y:
TN LBE, X: REHE) #1871 (Fig. 5, Table 2),

4, FERHNORESHORTIE, =V =Yk, 77 = Y20 Tfik -7 (Fig. 6,
7,8, ChHBRBOKEREOEHIFERE/LEC IO Rns2, FHETO—HlemE
W= v 0230~0.794, # 5 < v 0190~0854 ThH 7=,
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5. AlROWNBHE T, BOILFEEIVHELAL LI, ARORGEIHAD S
HOPWEETHLHE 774 OMK, HHE (Photo 15), #iffE»ELh (Photo 15), MiEE R
e~ TalE LTI Mz R (Photo 12, 13, 14) 2RAIShic, R#KOEN
(Photo 18, 19), Hf (Photo 16), EZlh (Photo 17) @ X 5 7 75 1 LT 5 A/ D
HlEDEME, Ihic~F &% (Photo 20, 21), Wik EERE (Photo 22) e EFDWAH W5
e BT R S0 3 S e,
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13

Summary

An attempt was made on the application of radiography to observe the inner
structure of wood and plywood by using of an instrument made by Nippon Softex
Co. Ltd., Softex-IE, which enables low energy X-radiation to radiate. The arrange-
ment used for the purpose is illustrated in Fig. 2. The radiographs in the text
were all taken using a beryllium window X-ray tube operated at about 12 kilovolts,
5 milliamperes and the film used was Fuji Softex FG X-ray Film. The materials
used for the test were approximately 5 mm in thickness. The results obtained are
as follows:

1) As illustrated in photos 1, 2, 3, 6 and 7, it is easy not only to separate the
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earlywood and the latewood from each other within an annual ring but also to trace
a transitional feature of wood element from the innermost outwards within the ring.
Tracheids, wood rays and resin canals of both vertical and transverse in softwood,
pore distribution in early- and latewood, wood rays in hardwood can also be observed
well on the photographs as illustrated in photos 1-~8.

2) Photos 9 and 10 were taken before and after drying a piece of Ezo-matsu
heartwood which included a slight wetwood. A unique distribution of water within
the growth ring of the wood was observed. From this fact, therefore, be may
think that observation of free water movement in a wood block is possible. Mineral
streaks in maple wood is apparently detected.

3) High correlation was obtained between the specific gravity of wood and
optical density of the film that was exposed to the X-ray transmitted through the
wood specimen; —0.992 of the correlation coefficient was obtained through a series
of measurements by using some 15 species of soft- and hardwood of different specific
gravity from 0357 (Katsura, sapwood) to 0.754 (Mizu-nara, heartwood). Precise
determination of specific gravity (X) of test pieces of wood by radiography may be
possible by substitution in the empirical formula, of Y (optical density of film)=
—0.959X (specific gravity of wood)+1.179. (Fig. 5, Table 2).

4) Micro distribution of specific gravity of wood within a growth layer was
tested by using a microdensitometer to measure the optical density of the X-ray
film. Size of light spot of the meter used for the study was 250 #x 20 # (scanning
direction). As examples, 0.190~0.854 of the specific gravity for Kara-matsu, 0.230~
0.794 for Ezomatsu are described. Figures 6, 7, 8 show some samples of specific
gravity distribution pattern within an annual ring of some softwoods.

5) Ultra-soft X-ray was applied on the surface at right angle to see into the
inside structure of plywood. Concerning the core ply veneers, fiber direction (photos
12, 13, 14), knots included in them (photo 15), tunnels due to boring insects (photo
16), voids (and sometimes fine cracks such as cutting checks) (photo 17), both normal
and abnormal glue lines spliced (Photos 20, 21), bad bonding places, etc., these can be
detected.

Explanation of plates

Photo 1. Cross sectional X-ray photograph of Kara-matsu, Lariz leptolepis GORD., showing
the constitution of several annual rings, especially the clear transition from early-
to late-wood and the distribution of vertical resin canals. x11.

Photo 2. Cross section of Ezo-matsu, Picea jezoensis CARR., showing the constitution of
several annual rings, especially the transition from early- to late-wood and the
distribution of vertical resin canals. Xx4.

Photo 3. Longitudinal radial section of Ezo-matsu showing the constitution of several
annual rings. X4.

Photo 4. Longitudinal tangential section of Ezo-matsu showing a general view of distribution
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Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

HERFREDHERNERE FDE s

of the two types of rays. X4.

Longitudinal tangential section of Ezo-matsu showing fusiform and uniseriate
rays. X11.

Cross section of Haru-nire, Ulmus davidiana PLANCH var. japonica NAKAIL,
showing the arrangement of pores in several annual rings. Xx4.

Longitudinal radial section of Haru-nire showing the constitution of several annual

rings. X4.

Longitudinal tangential section of Haru-nire showing the cross sectional shape of
rays and their distribution. XA4.

Cross section of Ezo-matsu heartwood showing the distribution of the free water

of wetwood (NaBkern) in green. X4.

Cross section of Ezo-matsu, the same sample as shown in Photo 9, but in air-dry
condition, showing no wetwood. X4.

Longitudinal radial section of Ezo-itaya, Acer mono MAXIM. var. glabrum HARA,
showing a mineral streak and a bark pocket. Xx4.

X-ray photograph of 5-ply type-two plywood showing thickness and direction of
vessels in plies. X8.5.

X-ray photograph of 3-ply type-two plywood showing the crossing of fibers
in plywood. x35.

X-ray photograph of 5-ply type-two plywood showing the crossing of fibers in
plywood. X3.5.

X-ray photograph of 3-ply type-two plywood showing a knot and irregularity of
fiber directions associated with it in the core veneer. XxA4.

X-ray photograph of 3-ply rejected plywood (according to Japanese Agricultural
Standard) showing pin holes in core veneer that are unable to be detected on
the surface. X1.5.

Side view of 7-ply plywood showing glue lines and lathe checks. Xx11.

X-ray photograph of 5-ply type-two plywood showing penetrating of adhesive into
lathe checks in core veneer. X3.5.

X-ray photograph of 3-ply type-two plywood showing voids and abnormal accumu-
lation of adhesive due to cracks in core veneer. X4.

X-ray photograph of 3-ply rejected plywood (according to Japanese Agricultural
Standard) showing joint hair line and repairing part in core veneer. X1.5.

X-ray photograph of 5-ply type-two plywood showing joint hair line in crossband
veneer. X4.

X-ray photograph of 3-ply rejected plywood (according to Japanese Agricultural
Standard) showing abnormal gluing and irregularity of fiber directions resulting
from some defects in core veneer. X1.5.
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Photo 14. X 3.5



BH- KA B4 Plate VIII.

Photo 16. %15



FH-RHE - BR-A Plate IX.

Photo 17. x11
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Photo 19. X 4

Photo 20. x 1.5
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