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Fractography of the Wood Materials Ruptured by Shear Stress*

Nam-Hun Kim*? - Juichi Tsutsumi*?
Soon-II Hong** and Sung-Jae Lee**

ABSTRACT

The ultrastructural characteristics of shear fracture surfaces of laminated wood prepared from major
four Korean wood specimens were examined. Commercial urea and urethan resin were used as adhesives
for laminated woods of both homospecies and heterospecies. The morphology of fracture surface was
observed using an optical microscopy and scanning electron microscopy. Three anatomical failure types
were recognized : intercell failure, intrawall failure and transwall failure.

In dry specimen, failure occurred mainly in woods. Laminated woods of softwoods showed mostly
intrawall failure and transwall failure of tracheids, and them of hardwoods indicated mainly intrawall
failure and interwall failure. Laminated woods prepared with urethan resin showed coarse fracture surface,
on the other hand, those prepared with an urea formaldehyde resin had clean surface.

In wet specimen, failure occurred dominandy in glue line. Intrawall failure and flags were characterized
in laminated wood prepared with urethan resin. In heterospecies laminated woods, failure was occurred
mainly in softwood.

Consequently, fracture morphology of laminated wood may be influenced by adhesives, moisture
content, species and anatomical characteristics.

Keywords : Fractography, Laminated woods, Shear stress, Morphology, Wood failure, Intrawall failure,
Intercell failure, Transwall failure
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1.4 &

B vay g7 Azte] ZF =t FolA
ax 2320E, 34 5 993 A8 FARG
WA Q) o5l TEjW ZAAY e 37
F A HE &7 HA S 3 o AAE
BExsd T2 YR TREZAY WEGH
A Foz BAARY o] &o] FH3] FrtHL AU
. 28y EARALY nd=z gAdMYg FFL
Azt Zada o] oo ANz 2E AT A
2 A2 AT A7 B2 3L 23 Yt o8
AZ AAAE ZFe3A dolMz AAERTY $
Fg Aoz Hrisa Yot

2EAAE} WEAAAZ AEHE o] FE &
- EEZAYE, FACAN w7 £33, ARF
& Azd H& FHelur] otk B3 A=
A FAAFQ N AEF B A= Hol
U %, B 59 geES e FREARA 7}
4 AT A5z 4=z Yo 2 45, A
o, ARAAEE g AR vl DolA FEAY
Ao AL H = AL BT HH= A3 8
t}.

A, HEF 5 AQALE HAH= L2 AR
o ZtAle AEE F, 4 £ ADEF 52
2 A4 F dved 5x2F499 = 433
834 meHojok & Algelt}. o2 AL
z718 2239 9 2AAR9 Fo0 ¥23o
Fz9) FFHE A ARAA L AT B
7124759 7t BE B (fractography)® @
Foltt. &, A7 Ao A EA R} BAH
o] 2B QA A ALE37] A% 9FHY
e g gsPofd A 7 EFAAAH, At
o AR e BEE AGALAY /3 e 3tz
Aztdo. R A5t xe SN B o
73, HAdQd So B} FJBRE IS + 3
' 88 9oz BAdHZE A7 8
st}

shas| A e 89 2 Au)g(40u))e] HujP2
2 M= BEfA 338 A (macrofractography) 2}
a oldel wig=z FM3te RR dEEY
(microfractography) .2 Y& et &9 o3

=

717E AAstrlole AAAN A S o] &3 vAFH
spAs Mol B & F oA H I YL F, 1977).

A8 oH7|FE A3 AT FEHA A
dFe ARE UdFe A2 RopollA HRH F
g=o] F&HEFENM 1977), A&k
(Hearle et al., 1989) oM e 1 237 g 2o
2 2985 Ut

EA9 g Hd dFE e A& HF tha
A AFAEAJD AZAE v|f 2o BFHA
7t ®ol dolslth o]2A EA9 HASNY o
F7F B o=, FAY HIR= gAgd
Hla) 88o] AAsta W3t Hetnz J8Hn]
ZAolvt ERARAu A2 TFo| YEE
A Fe o AT Age] F}] HE
ojt}. 1965373 HE AZE FAIARREW AL %
PJAE7F A3 28 BFol sMed SR
T BEdu| ol g A3 wotA ol BT
A+ FAASA HAh

ZA S5 FAAAANFH AT Az
£ Atack §(1961)9] T E 53 o} QA= ol &
T 72 AzZtdo. o]o| X DeBaise 5(1966)2)
EA) 1) o &2 Fejol] B3 AT, Korin(1967)9]
M2 g LExAs A AdFRAF  black
spruce?] WAIGHA st= el Ax@0| P A AF7}
LFHYD, 2F B A7AEC] AU 72
o #a @ #AHS ZA HAY. F, Akande F
(1990)2 Z1 A3 3¥-&, Korin(1968)2 2=
stol AR A YL, H) 5(1980)2 AGFA
TG AR AR RAFHE AN
9}, E3 DeBaise(1972)9F Ki# 5(1978)2 A
g He JhIE 5(1981), 44 5(1982), 1B T
(1995)2 8 o3 H 2 Aiuchi 5(1978), Kucéra
(1982), Bariska 5(1985)2 t& oS 343}
Aot HAo) & H 7HF Rkl T BEH(1974), &
5(1988)2 Ax¥FHE, Furuno 5(1983), Saiki
(1984)= EAAZAZ AAHS B, 43
t}. o] 9 o] Coté 5(1983)2 FU4%, %, A
o A S Pz #Fs FAHM o A}
25 8ol & A slP oen, Woodward(1980)+=
257} gyde uXs G F3lo], Wilkes
(1987) EAAR vlAe £ FF &

=
(<38}

=

=
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AGE S B e oA 72 2AARS] AR T AWE AW A A7

3t zbzt Hadtn gloh H2de Edlsel °
S Fold FAAAAR AL o &3t Sell F
(1993)0] Z713t AZec)A A3 o3& 57
H sz Hel microfibrild #A3Y 3, Imayama
(1994)= AAwE B35 stolA BN cracks
tzutae] FAE AFsATY. =T Zink F
(1994)L ojg] Ztxo] M R3S 2te A8 <
Axy Age FHAHHE HAAFA2H,
Donaldson(1995)2 gitjole} &vt7Fo] HA™
Brve] B4 PIdRES ALAS BA
o] AESAT. weA B dFgME de2
4338 2712 AZAE ol §F BEEoY 7=
29 oA Fd U3 HAE =R H3td,
AatFo] o8 HaE FLFFL L o] FFI
o] Az s AE M3t A3} Fo
e BE7zEe #A@de rHstn dA4dA
ol #& 712225 A 2enA ATt

2. A= 98

2.1. SANZ

E Age A48 FAAE Zdddtn A4
A AFHE Fg$[Larix leprolepis G.], AT
[Pinus koraiensis S. et Z.], =8W5[Ulmus
davidiana var. japonica N.], ©HFu¥[Maackia
amurensis R. et M.]8] 4559 EAN 2R A 25
A3A9 ABPE 29X 2E AHEFAT.

Lamina®] X4+ 25cm(L) X 9em(T) X 1.5cm(R)
2 8t 2 ply AFAE AFsAG. HEAA = A
B4 Urea®} Urethan 32| & A} 231G 1L 250g/m
E 7102 1Hd =23 A3A At
Urea 5 part, Urethan 10 part2 &gt} 4A ¢
& YT 10kgf/ow, BHF 12kgf/aw 2 A
GA A 7L 20X Fo. 2 B T

ZeE &% KS F3118-198971 o] 3894
on Z}EZ3 7| (Inston)E AH-83t block AT
AR R A

FHAGE L 84FA FAAZ AT F

FAE 60T Eoll 4A1 AA F N FE P
ol A4 Pl block A= AEE 34

2=227F .

od, $UW 42 A58 4542 B:
4N AR F, RS 0¥ FE P2hstel
482 sk

Eo
Fas-

2.2. oo 2HE

A9 AU AAEn AR FARAE
74(SEM; Cambridge Stereoscan 200)2.2 7733}
Ath SEM#AZE A8t FIdd &40 1A
2T E 3t lemX1lemx0.5cme £&& A z3
F SEMAIE 4 stubo] ¥R ®HolZ2 HAsn
ion sputter coater& Al-&-3te] Fo2 FAFHA.
SEM& 71& A9t 5kva 228ty 1 100X, 200X,
400X9] A 717 A= sade EFES
7dstAh.

2.3, EREEslAle] HES
HEo] EAM Y& 228 e] 33F%(S], S

2,83)9} 9} o 148 o2 g8 #A3lR, T3

olg} Bele MEZE oz Haglth Bal9 1t

L ol MEHA 537t dojute FEfd

2 o187} o] TEIIHTHCHE F, 1983).

* (ieffERE  (BERIBHE; intercell failure,
interwall failure) : @3] 2S04 A2} 2
gEe AS ¢

* BXNARE (intrawall failure) : 1348 (P3)o) v 24t
B (S1,52,83)ell A 27t doivte Add e ¢
g

* BEUIETRISE (EERRETGIHE ; ranswall failure) @ A
o] BF o dojd I E Be Ao
FAY, EDe oA Poz B 49 33
7} dojd A $-& .

3. 4% & 23
al

3.1 |2t 4 Alx|sio|ZHo] 2|5t mtesly
S 2 AAMNAUF S AHET AANF #FE T
& FeA B WFA 8 Alo]9) B & AR A
F}= Table 13} Table 20} vt t}. Tabled] 52}
£ 10719 A8E g9 E Y7t B3 A, B59

AEF E¥Y A, AHSA A2z 7EE A9
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o AUNEE AR 239 37 go) 0-30%
Aolz2A A2 s 22 ZXA 53
7t ggsged SUgsAst 2xnygo] o
2 gt WEARE 2247 A3AY 3
gRE AEnAE Bied SUwsA 33
AAME 23 B3 go] BRI Z¥ 57
7t 8242 B2 vla) Bl WAt

3.2. AL MXj&lo|Zo]| 2|5t mheishA

32.1 48 89 By

FY5ET L o5 FNe HHA g SR
2 %33 A3 Table 35 2ok (L * L)3h (P *
P)s} Zo] AGFAL FLdFFIME 7=
Hul gt 7t Bol AR 1, Hulsta st EA g
ISR/ BEo] dojue 7t FeHAT

Table 1. Fracture of laminated wood in dry. (Unit: Number)

Fractured Urea Urethan
Species zone Wood" GluVVc O(l)fyé 2 | Glue layer” Wood" GKX: o‘l)gé 2 | Glue layer”

L*L 8 2 8 2
L*P 5 3 2 9 1
L*M 2 3 5 8 2

L*U 9 1 9 1

pP*PpP 6 2 2 9

P*M 8 2 9 1
P*U 7 2 1 10

M*M 2 8 9 1

M*U 3 2 9 1

u*U 5 4 1 9 1

Notes : L=Larix leptolepis G.  P=Pinus koraiensis S. et Z.

U=Ulmus davidiana var. japonica N. M=Maackia amurensis R. et M.
1) wood failure: 90% or more, 2) wood failure: 10% to 89%,

3) wood failure: 9% or less

Table 2. Fracture of laminated wood in wet.

(Unit: Number)

Fractured Urea Urethan
Species “one Wood" Gmwe Ocl)g,/c 2 | Glue layer” Wood" Gluwe o?gl/c 2 | Glue layer”
L*L 10 1 2 7
L-r 1 9 6 2 2
L*M 10 4 2 4
L*U 10 9 2 1
p*p 10 2 8
P*M 1 1 8 8 2
P*U 6 3 1
M*M 10 3 7
M*U 10 4 4 2
u*u 10 8 1 1
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F5Y oA 724 BAARY ASES)F AHe dE AN A7

(Figs. 1, 2). o2l Buisize] 2L a243]
20 vla) SHesx) e 1 DTS}
etk

Table 3. Characteristics of fracture surfaces of
laminated woods in dry.
Laminated Characteristics of fracture surfaces
system
L*L Mostly intrawall failure of tracheids.
Flags in secondary wall.
prp Intrawall failure of tracheids. Many flags
in secondary wall.
Transwall failure of vessels and flags of
M * M | wood fibers.
Coarse surfaces caused by vessel failure.
y + | Transwall failure of vessels and flags of
wood fibers.
Intrawall failure heavily and transwall
L * P | failure slightly in both specimens.
Many flags in Pinus koraiensis.
Intrawall failure mostly in tracheid.
L * M | Transwall failure of vessels. Fractured
mainly in Larix leptolepis.
L*U Intrawall failure mostly in tracheids.
Transwall failure of vessels.
P*M Intrawall failure mostly in Pinus
koraiensis. Transwall failures of vessels
PrU Intrawall failure mostly in Pinus
koraiensis. Transwall failures of vessels
Slightly flags of wood fibers and
M * U | intrawall failure of vessels in Ulmus
davidiana var. japonica.

156V W0 1amm

S-Baber P 30064

Fig. 1 L. L * L. I Intrawall(JW), intercell(IC) and
transwall(TR) failures of tracheids(urea resin).

19KV KD: 1504

5:88819 P-98413

e A LT
“h{:ytﬂ’&“ﬁgl:!ﬁ4.' I’a!2$5!z,?j Y 2%
To. BN gadac T T 2

Fig. 2 P. k. * P. k. Typical flags of secondary wall
(urethan resin).

(M * )3 (U * U)sh 2ol 9549 $94%
Role BBTel A% YU E B3 + U2
o] e Ade] Holw BHR) Ay BE
o Yok Fe2 3l B H ATKFigs. 3, 4)

-

;. o AN AL \ ‘ e / yﬁ,

AN A i
s'\:'"sf/ ¢ 7“:‘; by
Fig. 3 M. a. * M. a Typical failure of vessels
(urethan resin).

(urethan resin).
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(L*P),(L*M),(L* U),(P*M), (P *U), Hz37s tj8o] ¥ Z59 HIx L33
(M * U)z}t o) o)5E2t AFAe AP & o 53 14457 FARAANE 728 2
Uyre dd 25 Juinnst FE o2 gd Zo] AL g =8 A FAAN A
g 98 eyt AuFe GgdFd vE =l e o] #FHAR HAERIAE YER
B Eo] Pol A= YSFAZ FAFT A8 vh(Figs. 7, 8).
£ A%% 4971 A9 gt i =F
o BN g nEo] dA3lg 1, 3-8  Table 4. Characteristics of fracture surfaces of

M*M

g o|FFE e FFFAA g7t dojwen laminated woods in wet.
i o B 5l mo] A3 i Tamin
(Fig. 5) =9 o3 2.7} @o] &3t th(Fig. 6). syst;rtrcld Characteristics of fracture surfaces
{LK ISKUHOiENN50adit @qns ‘ ‘ Mostly glue layer failure in laminated wood
LHRILS B\ IO \\W' \ L*L prepared with urea resin. Intrawall failure and
» X A N \ TN flags in laminated wood prepared with urethan
AR resin.
AAATE AR RL N ARG AR5 LN p*p Mostly glue layer failure in urea resin. Intrawall
LY A ' and interwall failures in urethan resin
\ AR Glue Tayer failure in both adhesives. Shightly

flags in vessels.
Glue layer failure in both adhesives.
U * U |Slightly flags in laminated wood prepared with
urethan resin.
Intrawall failure mostly and transwall failure
: » L * P |slightly.
: * ; ; ; Fractured mainly in Pinus koraiensis wood.
Fig. 5 P. k. U.‘ d. Transwall failure in Pinus RTILG <ty glue Tayer Balure in both adhesives,
(urethan resin). Fractured mainly in Larix leptolepis wood.
. Mostly glue layer failure. Many flags of wood
L " Ulfber.
P*M Mainly glue layer failure.
Slightly intrawall failure in Pinus koraiensis.
P*U Slightly flags and transwall falure in Pinus
koraiensis.
Mainly glue layer failure.
M * U|Slightly flags of wood fibers in Ulmus
davidiana var. japonica.

Fig. 6 M. a. * U. d. Typical transwall failure of
vessels in Ulmus (urea resin).

322. WA R B

FLFEL 9 oFFRY USR] HHA
< #3% Z 7 Table 49 2o}

(L *L)3 (P * P)elA 845X AFA 35
AH 37t FE o] %0 EFY e A & Fig. 7 L. . * L. I Typical glue layer surface (urea
257 gt 4R SHEFA AFAANEe A resin).
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AGE R FoFEd oA F2E 2AARS ANATF A9E AT AW 4T

1Sh0 KO 13mH

AL SR I L4 DN

Fig. 8 P. k. * P. k. Intercell and intrawall failures
of tracheids (urethan resin).

(M * M)z (U * U)st 2] BF5A9 545

Z2olE 8454 A2 AL A2 By

gho] @A s, fHlerA ASAAqME Has
27t Aol WA g3 BRoA g3} way
Atk FHAEFA AZAe 245A FEA o)
H) &) B EZo] 23 ©] o] HAlaty chFigs. 9, 10).

".} (A By VAR 9/

- 3

Fig. 9 M. a. * M. a. Typical glue layer surface
(urea resin).

(L*P),(L*M),(L*U),(P*M)(P*U),
M * U 2 o553t 2453 A&
A AEAE oo ERGs 2o g2 2y
9 th(Fig. 11). (L * P) A ZAe 2207 E o
HE ASoa wAlsigon Sy esx A2
AEE AUTY dgs BF U5 N &2 0
7 o, ZA Kol 2R g3 g Bo
SRRl E FEFY g Yok A2 3
A e guistart & o|Fn dHAdddyx
d¥ Jelg

1Seu wl 15mn

Fig. 11 L. I * P. k. Intercell and intrawall failures
in Pinus (urethan resin).

(L*M),(L*U)AZAE 25 423 337}
zg ol%r 2R e Ao oA st
(Fig. 12). 2l @4A A2 A4S Q28 33
AR G e ¥z} yehd
H ogURe EBe 337 e eokn =
FUT 24 ol REo] B

Fig. 10 U. d. * U. d. Typical fracture surface
(urethane resin)

Fig. 12 L. L. * M. a. Glue laver in Maackia (urea

resin).
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(P*M),(P*U),(M*U)HZAE &35
B2}t 38 o5 Fiel AP ZALE neh
SEERPEEPE NS s
AN E G4 W2zol 52 Bzt Hhe &
2o ae AR AS shesel szt Bo)
s ste Uit WA s e %S vE
o EURRG “§Re 337 698 A
(Figs. 13, 14).

TSR

13 P. k. * M. a. Transwall and intrawall
fatlures in Pinus (urethan resin).

Fig.

wall and transwall failure in DPinus

(urethan resin).

ol ol A Au ¥ wie} o] B AE Az
o Wz Aol oA A Fejol 2 2ol
g JeEdt. & FHzddAME F2 FFA
B9 7t g o WFRAdME F2 FF
ZolA st LASAG. £, AT JIER
o]l 4A A Y ZAL 7tz HA=2 A3
DAYt St ARHR 08 APHA
o AR =R 2 EdSE Hlsart g

=

BRE AEE

FASR e AT /tEd R =R AEy 4
@tz s A sAS

E AR 2ol AAFFoR AR A3
G B2 oS Frlgt FLFTLY A4
€ J&Fol F¥3F 2% ¥%59 laminac] M ¥l w
A @A g7t o) FoAA AR o] 73k 7
fe dxrt g2 A F, 2AEG GgEoM o
7t gol AT & thEUHTS =fUFE
gzA=A A8 AR R std g det T
FollA stajzt g ste 347 AN

A #AE T2E 25, UL, 7, AEAF
of oa & LET k2 (Kordn,1967;
Woodward, 1980 ; Wikes, 1987), Coté (19832 ¥
B Az wulstart Fs] 3 v e
Az Aot 2] 4o Eastgth
#Z, Donaldson(1995)& #3 40| & A7}
A F7el gejotetayR & Adste] AR 5
AR R A5 B E, S1F ¥2
A stHrt F2 GANAT £FTE2 FAHE

Fol o g A& gdsida oA gad
9] ool 815 F& WEoz AzstAt.

olgh 2ol Zo] gile MEHS TR AE
o 74 5 AFeH §AHR AEHE Tk 3
G g EXo) F27IIHE AR AZ4E

4. 2

£

g4, AT, FUT, EUTY 4550
2Re o542 A2AE Az 24 A
AR Nze B7we) Yehte &
Ae e 2o

5
=
°

PEERLERBEELE) ,

1) RS NRAN AAEe) BT FRe
B3go] BA Yehn, 53 53T 43
A7t B5E7 A2ARTG £ dehach

2) 4454 AFNEE U] TP ¥
Stx HAT S dehdeh. oW 2AL I
2o WA AL D DR AEB FHE
SEAG. TIFA AFANRE A5t o
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Sz A 3 G

1) 4uzdnc AA3dN FAHE WEt ¥
stek.

2) AET o) Yol BEo] dolrke el
slolg B 22 HARAR, $5ET A
2% B2 gL o432 WAF ARG &
A vhebgteh.

3) WAS Sl ge 2asx A2t Sws

A AEARG A Ve

ot AHRE AZAY HIFGEe AH
A A53 Hgel, BAL FREE, 5%, 24
o s e o) 2 A9s8e Aoz Yz
ek,

% ARAL: B ATE sdsked o AR A=
Beld fHE BABYG A7 A
7%, 89%, 0127, 284, 425 2
oA zArel vt Eadch
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