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Studies on Safety in Timbers and Woody Materials (1)

Fractographic Approach to Evaluating the Brashness of Wood

Ikuo FurRukawa

Summary

The purpose of this study is to evaluate the degree of brashness of timbers and
woody materials by use of the fractographic method.

The morphological characteristics of the fractured portions of sound wood, and
those of wood deteriorated by means of heat, chemicals or external fofces, were
examined by optical and electron microscopy.

Fractographic features of the sound wood and the deteriorated wood were quite
different. It is possible to estimate the degree of brashness based on the
characteristic patterns on the ruptured surfaces of the cell walls and/or from the
manner of crack propagation within or between the individual composite elements
such as earlywood and latewood, thin-wall fibers and thick-wall fibers, matrix and
fibrils, ray and axial fibers, and so on.

The fracture patterns of the tracheal walls in sound wood were classified into two
main categories, namely, ‘cross fracture’ (transfibril fracture) and ‘split fracture’
(interfibril fracture). These two wall-fractures were subdivided into six fracture

types based on the crack-propagating-mode within the S, layer, that is, C- 1, II, III
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and S-1, II, HI, as already proposed by the author (FURUKAWA, 1978). The fracture
manner of the sound-wood tissues were divided into two main types, that is,
‘transverse fracture’ (transfiber fracture) and ‘lateral fracture’ (interfiber fracture).
The following types of fracture, C-IlI, S- I, S-1I, S-III and lateral fractures were
typically observed at the broken ends of the sound-wood specimens.

In contrast to sound wood, the heat deteriorated wood showed the following
features : a darkening of the color, a decrease in strength, flattening of the fracture
surface, and disappearance of lateral fracture. These tendencies were particularly
noticeable at 200°C or higher thermal exposure. However, there were no fractogra-
phic changes under exposure at 155°C or below. This must be due to the thermal
degradation of the cellulose chains and of the matrix polymers.

The wood deteriorated by longitudinal compression loading was ruptured by both
types of fracture modes : transfibril and transfiber fractures. These fractures must
depend on the existence of minute compression failure (slip planes) within the S,
layer. The transfibril-fractured surface usually was of the C-II type.

The delignified walls were fractured with the C-1 type, and lamellar structures
frequently appeared on the fracture surface. After both treatments of delignification
and alkaline extraction, however, the shape of the fiber became round, and the S,
was fractured with C-1I type. Furthermore, minute splinters like the broken ends of
fibrils were observed on the fracture surface. These fractographs suggest the
structural arrangement of microfibrils, hemicelluloses and lignins within the S, layer.
This evidence is consistent with the submicrostructure model of the S, layer

proposed by RUEL et al.
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NEEEEFHET 29 Z TEETH B, £ IZHH, BATOFMEFECEMERE (JISR]T
A SHERESE) Tk, EROKRERMBOBENFGLLEE2FMT 2123 +5Th W
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MR OB &, ZOMEDLIbORE, BEORRKEHEICHET MRS
LFHEXT7 T 7+ 777 4 — (fractography) & 7z [3BRERENT & IFEN T 5B, ZDFHE,
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77 4 =L, FEHLOMESY LS o@EL»H N, CEHEHEMRERBEICL -
ThWwL{2pn7ayx 7 PFEFERINTERY,

ZIT, RBETI, 2T, TNETREELIREL TR AN OREREO R R
REQICEEHE L 729 2T, EELAMICHE LRERE2HECT 5, KRIZ, AMPEMER®
REEGTTHILL 258, ZOBEREBORENLEZILEHLI,ICT S, Zbh 6, K
MOWIERE L M ELCEDOREEREZRET L, RERMEBOLZEEFHED-HOFHY) 245
LZr%BHET S,
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TE) 1ok 2FRBI 2 5 Y 7= MY L 3B~ v e — 2 e & 21k
BRI LR I DWW TN T2,

1L EMnRR

HEMBHIEIC A X (Coyplomeria japonica) DHEFHMERE F\72, M T 2= (Pinus
densiflora), 77 (Larix kaempferi), v /X (Chamaecyparis obtusa) O gEHAERD



154 CRLER S
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LRI E HILIC DWW T, Bl L 2 REESRR 2 A TRET L 72, Tabb,
BgHESRHT, a2 b=y FHRKRD/NEF 28R, ZNEKRIZTTEBLEL 2D 0 (E
EHEE), Ao frEicE L Ty =B L2y m, B 7= MBIz oon T
20C, 17.5% D3 Y — ZFKBRTME L a-khro—2{LL 724 0o SFEEDMIE N 5
R BB L2t W,

72, YEEMELLICOVTE, F2EBLUREOWARE 2 A TRETL 72, YK
EHE, SR EM 7T oy 75 L5 E 280um, T8 5 nm, MHESRLTH 12 & S #50mm) 3
RHEBHOUREZI 70 b —2TUHIL, N6 5ME2m, RI10mictIDHZ 2L D
PHER L 72, BB, EEMU AR oM, HEEMEEIEIC L > THHRICZHE DN L o (slip
plane) "EFET 5 M & L IEEM & MDA R 2ERL, cnEt AW IIcL24E
PILERE L 72e E 512, EEMUA 2254 F7 72 THA, ZN#2155C, 200C, 240°C
2 ZNENEE L 2 R E NI 1THR 2 5 183 E L 2 b0 2 Al T8Iz L o HEHTL
=RRETL 72,

2. WHEBROEZELIRHR

WEBRENBER, YARHIDWTT- 2, IEEMUIA RSB L St i 8k,
2o BICHHE T 2 4 mDRAHFRICH W72 BKICHEERTEEL 2, g, BFREDZ
DICFEINCEAEL 72/ 5 REBHE (BEE 1) DF % v ZEICEY fHiF724, AEROROM
RETNEEL, ORI 255R- 72 OF DR AP REICY D IAAES 0. 2mD$ >/
F Y RE) 2AN, BEERNBPELZAESIC L2, BRHIES50um (0§ cE
L CHE5#1.25%) DERTE -RY), ZOBOHRICr» 2MELKRHEL, Tkl *
725 EEBE I OMOEK B E O LI ) 4, S OBEEREL OMICHERL 72163 Y
PAHAAT (Rvw 7 ZBHI6RX-5, ASA4003 5y 7277 4 WAT24% /) T
wmEL, kL2, AB  BEEEOMBELEE 21T,
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DWTY, BRI T, BERZ2A&TA Sy y—a—T 4 > 7Lz, SEMOkE
F& ERBEILKV) TBRELZ, 2oL (12, kBN (S) BLUHE (S2) 2
HHLTEREERT- 72,
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AXEEMOT E B (BHES) OMEBREERES ISR L, /v F ks bk
BL7-234T, BEEET 2EE L 0TI CREKERE A MR - 728 W & — ey =1k
BREDEL ZH L, TEER Y- CGETT 2 00 BEI N (BERHE), BE41E, 2X
EEMEIEUROR - BMEREICBIT 5 3 BOREERETT., 25813, WREDE
WERFERICIE D C IS ON T EE 2 R L 72, MfgBE s, L IR &P RIcEL,
FHRREE FATE Tld, MUMERIT IS - 2 RWAKEE (M) »8EI N, BES X, A

EEMZ 2 BURSEBOBEEROSREERL2IDTH S, EMESTIZIERZHEL T
WD Rt L, BATERS T IR D BT & R T OB S RL S 7, S b ICE - Bt
BRI TR MBI MR S R L N, 0 kD B A IR CEET T, M
WL, SENREFROBER L LTRSE Z 25 TE, JNPERMBEREDER
BT H - 72, ‘

Kiz, FROBEEMO—EEEAL 2 LONEEE, 7, 8 ThHb, BHE6IZEHETEN,
BEETIZE -BMBATIHG D, F72EESIIMMEOBERILHEZ R, B (& I12S,) Bk
B LiciE, BURRS 2 12 8% X ROBERELRE (pleat pattern) # £ 15S,7 4 7 ) VAT
- 723417 (splitting) < & T RBHFEED (splinter) 2B LNz, S 52, MEBFICH-
AR R LN, ZOBEE EICZ S LIRS -SBTEI RO LN (BEY), 2
oD IEEM DOBENIE D IMRARRTH - 72,

BRI OB REIC DWW TS, BRCEHEL(BEL TWw3Y 0T, ZZTRIEEM,
& B L L 72 2 XM RGE R OB BT EIR o 1 1% R § (BEL0) . BERRMTERIC 1340
BEaE TR L N2 & W UL BRI, S5 FD 7 4 7Y VEFIH HICEE X EH T
Bl 7225872, INHIZWTNLINE TOBEEEL L T,

2. BLEAM OB

Z¥$ 3 YA EE£155C, 200C, 240CHEIBESRMETICITERM (#90.58) 2 5 168kF
M (7HM) RELLZLEDEE WRFOBIEME) 262X 1IRL 72, 155CF THRE
T, THEREL TLBRENETIRE &2 - 7255, 200C 282 5 & S¥ICRERET (&
{b) L7ze M H155CTRIEFM L& B L TH > 72h, 200C TIZITRRTA L HIBE
I, THHETIIEBGAICEGL 2. 240C TR, bTh 2B TRERIC, 268 TRERIC
AL 72e 25 DBSALE] 3 2 RICEEMEE TR R, MEIFBBEICERL Tw
THOEBITHERMBEN D L W2 L ZATIEFHM LR U &L 5 ICHEICRRD sz, BBa
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11i3155°C 12 18385, B E12(3200°C 11788, B HE1313200°C 121688/, B E1413240Cic
TR, FNFNERBELLRBTH S, 155CICRBEL 2L DI}, EEMOBERE(EES
B LR TH -7, 25D, 200CICRE L VDT, FHMEE, BRHEE L ICEH
Bzl THRL, L2LEREREIR 25 LE - BMERT TOMBBIELIZILACR
LW EEILIZBBICHEITL Tz, 240CICHRE L 258K T, SRS ITIARMERS
RN LEEE2EL Ty, BIEEROTRIIADMES & & BERICERNTSH - 72,

I nBLILY R OB KT 2 B & 15, 16, 17, 18R L7z ZNHNDEEL, %
NEFNEEILL 12, 13, 14IR L 2BIERRO ML RIE TH 5, BERMITEREL S L BELLD
BF2HBICHRARSL Z 2D TER, Thbb, 155C Tt SHBEME LICERMTRLNLZD
& R e B IERE (BE15) 38 b ey, 200CL RIcRBEL R TIR, #nred#
DLNED» o7z, 2HIZ, 200CLLENIRETIE, Si1-S3ER TOMBBIESLS 7 4 7))V
BES M - 72 3 ITRHB D BE I L 20 o 72 BERRMWITIENIZ, AfEECN L CIZITEE TP
WTHY (BEEIL6), BELIIZEEM T R NLh - iy (BEELT) »8ES
N7z, Ly, 200C TERMEEL 720 DR240CICREL 230 TlE, B X HRE & HHEl
ELTwB L) Tho72 (BELT, 18), &2, 240CICREL 2L D TIF, BENOMANE
EERLZENTELEDP -2 (BEI),
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3. SN L B LM DOBIRDAFE

MEFEAERRIE L 72 2 XM 5B L 72 & 2 BUIA SR o R oMK% 2 5EE19ic, /2
ZO—WHEEKGEER20ICRL 72, ZOBEOWERBLEEMOEINELEL(R-Tw
2o bbb, HAEHIF - B O & BERICIZITERICHEE L Tz, Zhii, BE
2010 bR L7z & 9T, MEMEE TS L CIZIZIZTEAFAICSE L T2 EMERER (BX
TLODEIICRZDEZD) KB TERIPBRZL 22D THS ),

BHE19DRE DM BERWIEE 2 B E21, 221278 T, B (& <2 S,) DOBMIEIZFHET
H0, Lodi#Esict L TESL T30 8 Th- 72 (BEE2D), BEEEICZ74 7Y
WROBN T MM RE S Lz (BE22),

4, ALFRIEEM OBHIR DR

KfB Y 7= ML L I3 a-eno— (BB 2 &, mRIBAVADL L T BEEHER &
Thle, INHDMBIT L B0, BEHERR T Vv TN,

B 7= 2 JER L 7z A RGE S DB SRR & B 23ISR L 72, BEIZAAER I IZITEE ISR
WL, BREIBEMTERSRIC DT > TRETH -2, ERMOBEFE (EENSR) 1ok
T, S27 4 7 ) NVERANIIE - 72 ETREEDG D e dr o7z, L d, BLY 7= B L 72 So8%
WIERIC %, BREMICRLIZE D %7 A TROBEIBEI NI,

Kz, a-wa—24b L 72 2 XEARGEE DRSS & BE25ICR T, Z OIS 5 T,
LELLEENETH - 2EEEIHERICERE L2, L d, BERRE I MMESECxT L TE
FL, FHELBEV STz, ZOWHEZFHL (RS L, S: 74 7 ) Lol & Bb
N Bk Ze sk Z R S HRRD bz (BHE26),

INLDHEREIL, WINLEEMOZINEZFL (R T,

v £ %=

AME, HHEEEL BV TY, FLEKREEL~NMICBWTH AL EEEAE
BELOMETHY, ZOBEREL, B CERELTHHEEZET 2, Tk, Ao
R, BETIERRNICBEIN TV,

EHZ, o THEMEREOBPIREROBERRICEDINT, SOBERKE 6 DIz
BT E2EELLZ (M2)%, 20, BroB@HESE, YASKMOBETOBE 21T
5729, B 5T, REBRICBWT, EFEMZIT T, W -{LEICHIE L 2R OBkE
RIS DWW T TR, INLWTNDOEHAEICBWTY, BOBIBEREIZN 2 IR L 72538
BEowFnricBL, ZNsUNADInERWBT IR TE Lo, LD T, I
57D 6 DNEERFIEMAL, BEHERARHCIE S §, AR MR STRETT 5 & & IR LB
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X2 AFHBIEEENEARIBIEER (B, 1978)

BREZEZ ThWZ 2572,

BENBIEIZEL LTS DBIELEZ TLL, SOBBIZEERNIC, S 74 7 ) NLotll
i (cross fracture) & S, 7 4 7Y A THZLITHEE (split fracture) @ 2 D25 2
EDTE, BIEE 7 4 7 ) NVUIKREEE (transfibril fracture), #%&% 7 4 7)) LRHREE
(interfibril fracture) LEB/T S LD TED, 51T, TNHIFSHFDEHMAERITHER
(fracture mode) I2HEL T, FNFNIDICHETE, ZNL 20K I8 (C-18), I
B (C-I14Y), IR (C-II%Y) s L UZiFo T8 (S-18Y), 1% (S-11%Y), A (S
- B &R L 72, BT O ITRRRIC I3, FEENBIEE (S-11x) & B ENEEE (S-111)
D2ODBHPHFIEL, P =7 = VB 72 SLBENRRCTA L NIz & ) % T A Tk (inter-
lamella fracture) |, #%HICETIHBETH B, F72BERMTE EICBERERED R S L2
iz, C-IIABEETH), BWEITREBIEL N ERULBICET S EEZ bbb, BITHK
BEGDENZ L5 C-NE E S-TMIROPHE (I M-ITE) 24872, 2 s DEERRE
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BRen 5 H, & ICHEITBIE (74 7)) )VEE) B L UUKONR, SRR, EFE
MIZEICRON BB TH - 72.,

KIZ, EEMOBREEL ~NVICB T BRI OWTERT 5, EkEEL LT
i3, BEEEMARIC SR E DL ) IBIET A0 METH ), I ixBEMloEE & B
DS BG L Tz, YRR 2B mIEHm & BEgsEoEE s oz, X3
AL &) BRI BH N2, Thabb, BEORME CIIBEET S —NoE (EEMHR
B2, double wall) 7" FM2Z LK FL &ZATHEN L2, &2 5%, EEDNBMETII,
BEEMEED Z N N BEDs C- IR & U < 13 C-TIAURRIE & S - 1T R RS CHEWT L T\
L ENEL, L LB L - TMREER (S-S5 THiZ4mkE (lateral fracture) %*
BLTFEEL T2, F72, THFERH O SHAOEIE & HBEY & OBfRICOWTIE, X412
RLZEBNThHD. Z0kIIE, GHhoXBOREHERICIE 2 DORIBH LN, T
Tbhh, BMEBFD L ICHEEHEY - TS5t & I ZIEATRIEIET 28548,
BRAMEH D L 3R - MR & 5 I MRS & X AR ISR > TIRITT 2856 8 »
Hotz, A ERBERD L  (ZEEBIE (transverse fracture), $38 % #HEZBEHE L R L 72,
InbiiE e, BEEUINEEEE (trans-wall fracture) 3 & OBESFRAEEE (inter-wall fracture)
LERTH I EHTE b, AL 2BEOBIEIE, AMHICENT, BSTHESODERO X
Z A CERHIED HHEBEIEIC, F3Z0MIcET 22 LI LITREI N,

&2 AT, BERUIMBERE O 2 DZUTHHER, S 5ICBERCOMMEIEREIZ, wInd
EEMOBIEIIC LATFEL TV E2 b, N5 OREERIZ AN DMEMEE & Bl

3 AMPROEEREBEED E ZATH RO EIEHER
(RENE 23484747, EW | B, E-EW | B-M#%TE, LW : Bebh)
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BLTWB EBbNb, Thbb, WHEEL LTI, BBEWETHLIEREI 7074
TINEINEZTBEBL WL v 728 (NI ru—xF{ LY S=2) LT, #
DIFRIFESRHEES R TEBY), TN 5 NFENEFE? BN TORBERER 2 ET
HPERFEEZ bNDL, T2, BREBEV~ULTIE, SHAloRESE, By, Bk, 35z
BEE 2 EDENIZ L B TIFHR G EET b, EEMICHET L Z0 L ) R IENEK
M EAMRENE) 13, BEIREL T, 74 7 ) Lntkis 7 4 7 ) L TOBEL I
BET LI EICL - THEEI NI EFZ 5N LERUMIESCE2 D7 4 7)) WV THORT
W, 2 5ICR - MMEFECERN TOMBBRH E WO THRATI LN LEDbNS,

A DBIIEILE ZIT B L, ZOEAMEIRERZEL (b, Thbb, wilu—
2 FDOFEREAOUMNIC L 2RI 707 4 7IVLOfiflbB LU~ ) v 7 AWEDE
SR & BICTISTBREN DART 7% & DRARAVE SR ORI £ 72 (37528, 3 515 - BRiR]
MBI & 2 IUCEA ST A TONFHNEFEDOWER L ETH L. ZOMRR, KiFEK
BEFEDFEDOIET 2 LERRICHC o 20720, BEREMIMEIZFEIC R Y, 74
TNNERBERTOBIEL L B 2712DThHHJ, ‘

FHRLEE ) R BERERE S D MBI - BEE RO L, ERRERIC L 5 BRWEDS
b= b )y 7 2ZWEDBED DT, BHM L AOMER BEOFHRb) 2 /Re2 &
DTEIz, 72720, RERICHAWRBE) 7=, B3 wre— 2038 E, Raric
B 72 gD, o — AEERWEDRBEII s 0Tz, ZOMBETIE, V) T=2,
Tevn—2H L EOTEWEPEREICERES NI LICE T, INLDERICBITS
HFERBICET2MEPEBLNZ, Thbb, B 7= 0BETIE, MBONFEIZIZEAL
25T, PHZERE EICT A 7R L 3Bk (honey-comb) MDBIERAHR S iz,
I, T7a74 7Y ArNT e — 2RIk - T M (lateral) AL THEWT
AT7BR L TWBZE2TBL TS, 352, ZNETNHYLE (B~ kre—2
EE) T3 &, MROAFIZHEERE LD, ZOBKEICIZES KRl L) ZRED7 47
JVEERT AR E I N2, T2 ki, 27074 7TYNDT s VREIZL - T HIE
L2, BRI > THUBELLEREL LD ERLNDL INLDEED L, BE(S,)
BTlE, 37u74 70N —2iclk o THWY— FRICEASL TT X7 2Bk
LTBY, ET7ATBIEN 7=V ICL o THREIN T LHESI NIz, ZD L) LHEER
RUEL 5 DR L 722 TNV ETFET LD TR L - 72,

JEMEREEAT DOBEETRE X, BEPIC BECFAE T SN EHERGEER (slip plane) & ki B
BLTW2 EBbil:, ZOBAOBEIEIL, WESES L 2 FE® (W II8EHE) =2
52 &b 5, slip plane DEICH > THELZ LD EEZ 5115, Slip plane (3 #EHEHETH
BT, MORMESINL OB ) RLBMEIEAL 25HAICOREL, KM OHER

e HEMTIEELCRTFLEZ LN DL, TN EHESILOBELENEIC DT, DINWOODIE
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D—EDFFFRZ 3B BT T, HFENHRENT L,

Afngibicis, LEoSMHTYH, FIMHRPBERIC L 2541t Benimick 2416, #
HOBERIC L 251, BROEFTRREICL 25X &L DERFHIBERL TWEL, i
LT & BMEHL L BHEFRE L OBEMEIC OV TS B RICFELRIT L b WEr S
Vi,

EZAHT, RERMEHIIR S THBOHE L2 FHET 2 HiEICE, SEOBRRREICA
bt &) wHIEHEE (destructive testing method) iz, #FHEARZAT S 2L
7 < REBET 5 IERRER B (non-destructive testing method) 73% 5, 72751, FERIER
Bikoxkmly, MRPICRET S REMERETE W2 & &, RIEHIZBT 2 ELE
BE/NTHET 2MERDH S 2L ThHb, O ERMBNRERLZFMET 2 5 2 THOHCE
KEMBETH b, 2L T, 777 777 4 —HFEIMEORKEE LIRS E
B2 KR OB 21T ) 720, MEFORIGEOFHE %2 2% ) IEREICAT) 2 LTS 56, &
AW, 777 VT T7 4= —HEOBERBRETH 506, MEORKEIBME S (R
Fy) ETHT LI LIIRETH L, L ->T, WRIZ777 V7774 —I2& - CFHl
ENTMELIEL A OB ICHBOF®EZ FRITE 2 L) X FENFEEIEEN
o

V. #&

WEE L L CIMbFRICHIL L 72 RA (BA68) L IERM OHES ISRIEIET R 4 i § 5 2
LIk -oT, KMOBILREE 757 777 4 —HIICTHET 2 2 & 2 AR, T
%872, "

(1) EEMEHM TR, ZOMER (EIREEL~OL) 256 ICERK (BREEL V)
WEEEIZFE L (BTl Z b, INL2HEL L TRMOLLELTHET 2 2 &
DHHETH Do

2) EBEMOBEERIT, MEEL VLTI 6 DOBER (UkEo 18, IR, MRE
ZTRRE TR, I8, IAY) 2, EREELV VTR 2 DORER (ERORHE & Sk
) EREbTE R, &<, UNEEOMNBRSEAOZITHIE, X 5 ICHEBBEIZIER
MTHBIICA L NEERRTH S,

(3) #MIC L BAMEHILIZISCLUT Tl Aot h - 72hY, 200C UL ETidseanzil,
BEDKT, BERMTEOFEAL, RITEECHERBIEOME K CBRELED A LN,
INsNEfE, en— 25 FEEOUMN, FTORWE O BGHICK S AR - EARRE
BV ~VTOES TR EDER E IR ICERT 523D THS ),

(4 B 7r=rBLra-wio—2{b0HEIC L - T, BERFER@EIZFHELL 2, LD, £
LOBENE ETIZ T A TRBEER, 74 7 VOBKERSRLNS LY, BRICETS

2
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