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Fig. 1.
(@); specimen,
dropping hammer, support,
®; geared brake motor, ®; electromag-
netic hook, @; scale, ®, @, @; indicator,
@; device to suspend a rebound, @;
control equipment.

type impact machine.

®;

Dropping
®; iron foundation,
@ ; guide
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Wiz,

KRBT E, ZHE SoME» 50 20mm, 5
& 20mm, RESAME GHHES D) 320mm (R/ovy
280mm) OFARIMIIL .
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20:£0.5mm), JEE B LR IEAM R & 131
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AMTRE 6~20cm, S TIE 3~27Tcm, /X—F 1 7
WE=FTE 2.5~7 cm (25 s &7z,

4. FEHMTRES LUCMHOV A FORER
B TEEIGRER T AT T L RO MEREE, 20%K

Mimos47ves% (H (H: High density) #X TRESICIRD S ok A R (Fig. 1 odd) O
f (L) (L: Low density) (Chamaecyparis taiwan- RUBIE T %% BA—S00H) o A% ki O Mk
Table 1. Physical and mechanical propertles of tested materials.

Wood Spemesl’ Plywood Particleboard
Taiwanhinoki Hemlock Width (mm) Width (mm)
H L 0 40 60 20 40 60
W;Sipiecnﬁc gravity 0.51 0. 41 0.47 0.75 0.80
k'Statlc bending o -
strength? (kg /cm?) 1157 962 951 630 708 682 249 249 285
Moisture content (% 10.5 12 11 11 11
7Remark Annual ring width (mm) Sevenlayer Threelayer

0.6 1.1 0.7

» Width of wood specimen: constant in 20 mm.

» Measured by Instron type testing machine (speed of crosshead:

of ten specimens.

10 mm /min.) ; average value
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Fig. 2. View of the wood specimen
(unit: mm). @; loading portion, @;
fulcrum. A, B, C: strain gauges applied
on the test specimen.
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Fig. 3. Simplified schematic diagram of
strain wave patterns caused by repetitions
of impact blow. Ev.ns ELn and ep .
maximum strain, impact strain and
residual strain at the repetition number of n
respectively.
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Fig. 4. Typical patterns of strain wave on
the particleboard specimen caused by
impact blow. (A): the strain wave on
the center of specimen. (B), (C): the
strain wave on the portion at 46 mm and
92 mm away from the center respectively.
(D) : the wave of acceleration.
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Fig. 5. Fracture types of test specimens in impact fatigue tests.
(a): Taiwanhinoki. (b): Hemlock. (¢): plywood in 20 mm width.
(d): plywood in 40 mm, 60 mm width. (e): particleboard.
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Fig. 6. Relation between impact energy applied to a test specimen
(E,) and repetition number to fracture (N). (O; Taiwanhinoki (H),
@ ; Taiwanhinoki (L), [J; Hemlock, A; plywood in 20 mm width,
A plywood in 40 mm width, J§; plywood in 60mm width, ¢ ; parti-
cleboard in 20 mm width, W ; particleboard in 40 mm width, \/; par-

ticleboard in 60 mm width.
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Table 2. Calculated value of exponent m
and constant a in Eq. 4.

m a(kg/cﬁiz) 7 ;‘1)

Taiwanhinoki (H) 0.022 1286 0.44
Taiwanhinoki (L) 0. 033 1089 0.52

Hemlock 0. 042 1031 0.66
Plywood 20 mm 0.037 627 0.54
Plywood 40 mm 0.036 699 0.67
Plywood 60 mm 0. 045 685 0.64

Particleboard 40 mm 0. 062 243 0.75
Particleboard 60 mm 0. 050 243 0.77

L r: coefficient of correlation
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Fig. 7. Relation between impact load (P)
and dropping height (H). V: impact
velocity. Marks: refer to Fig. 6.

OFEMITHRE o EHNTHRE o O (@/ohs)
EHBT 2L, AMTE 1L 08~1. 13 T Ftglld s
DOEKE L, SBIL 0.99~1. 00 THiMEE 121313

CTHBDIHL, 7$—F 1 7 wF— F30.85~0.98
& D BRI EE & DI RIS ME O MR, 1
720, cohoflid, ETEEDETRIICLOTHR
B ENBEEEE V (=V2eH, g1 EHOMER) i«
YHENhDEEIOND.

RIT, EREEIE LIC K 2 M ORY O TG A &
b m OfiEkEidsE, 247 v+ H) b
BONSL, A, ~avmy 2, ELTR=—F 400
A— FEJERAEDEERT. $hicv—F 1 7 vE—
Fid, 240 ve/% (H 02~3f0ERLUE
SEFOETHENDIHL, ARIFL24 7/ +
H o L.6~214% 249 k% (L), ~suay
7 L RIREREE TEYICK 3 MEET A hEnda
WZ EERRLTND.

LEE» s, MM REE gL TER L&, A
MEEREISRE L, FLEROBKLICK 257
IR e E VDI L, KRB oA EERA
THi5—F 4 7 VE— FiZZOMRENE YD, Ao
AR O REME S M2 ER A L CTHE L AW IBHE
OHEBMIEICH BT EDbhs. ZORERRE, F .
P. L Toughness Testing Machine ic X 2 fif A JJ
KB4 (Chow, 1973) LiEfnlions.

3. EMEREIC X B 0T ARSA

31 FENELIBNNERICLAVTASTHTOLER
%1 RAOHRFELNA LSS, HIRBRFOE
SR, FEBYRE A HEZTOMED»SEEAN
ic 46mm o/ B, C ofjEicBiF 4510
TH ML, KHEED A T HEAE RL, B
H, C HITAT SRR T 505, KM TlR%E ol »F
L, =54 7 vE— FTRFFERMCHED L,
AhE 7 oS B A Rd. £, Fig. 8 i
MITTE% MA 72 B4 0 BIREM O U3 & 239 2 ik
T, #EUERHE I AMIEENBTO 04 A570
ERBCRYT. MHFLD, OFLAHETTEHEMCHE
HPUIKHEL KL TOB T EERLTVS.

3.2 HEBELIZHESIVTHA/HOEL
WEREE LIS A, B, C RRRBI 20540
Blerks47 e+ > Fig. 9 itiRd. A
HTE, BRLWERIZ2BHOST 20 MMBEL L
7o, BEEEMTO O A REEY IER0VTALD
ZLBVowestL, B, C MmTEfes o



AMBLOAEHBOBRNEE (F6#H) 87

Taiwanhinoki

€M

Piywood [ Particleboard

(a)

(b) (c)

Fig. 8. Strain distributions along the tensile side on the bending
specimens when they have been fractured by impact or static load.
ey: maximum strain. A, B, C: refer to Fig. 2. (a): Taiwanhinoki.

(b): plywood in 40 mm width.

(¢) : particleboard in 60mm width.

—@—: impact load, - -@--: static load.
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Fig. 9. Variation of the strain distribution along the tensile side
on the bending specimen. Signs are the same as shown in Fig. 3.
Material: Taiwanhinoki. A, B, C: refer to Fig. 2.
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impact blow ¢, , to E,.

Marks: refer to Fig. 6.
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Fig. 12. Variation of maximum strain (ey.,), impact strain (s ,),
and residual strain (ez.,) with increase of repetition number (n).
(a) : Hemlock. (b): plywood in 20 mm width (), particleboard in 60
mm width (@).
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Fig. 16. Relation between maximum strain (ey y.,) and repetition

number to fracture (N). Marks: refer to Fig. 6.
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Fig. 17. Schematic illustration of hysteresis
energy caused by repetitions of impact blow.
¢: impact bending stress. 4w, : hysteresis
energy at repetition number of n. Signs are
the same as shown in Fig. 3.

& E

AK# (41497 %F, ~amyy), SWB LU
WN—F g 7= FEMERMEIE L, ETERICLS
R Ui il BoE 110, B OB RIS icd v
DUSVEARTIFE L. EFEGER 8. Skg Ic—&, g
RERFIIES 20mm, fi 20, 40, 60mm, /¥y
280mm (fi¥ 320mm) @, thigshmESICE
UENpeb

(1) EREECLIBEERER, AMTchkzvvo
o, FFEMEDTIHRM A b dORMHMER O

LML T OB S AR ORREBERES. ARTR
AR B DS O ¥ A Wil 3% (horizontal shear)
B XU rolling shear, #7ic A LTOXEILRD
IRERSTAL, 2 OREGHBRIEOEEEZ T 5.
N=F 4 7 MR—=FE, A S SHIT OB O 5
Wi > TR OB A 23 2.

(2) REBRF 2 Ho% MR TN T 2 oEE T
FX—E, KB LT A—F 1 2 LE— FOK
1045, ARBZNICRER K SETHD, A
HEBERICESRNTH L. T, T OMOE R
GREE N, FRYHENT R IC R L TRM TP PE L
1.08~1. 13§, AT 0.99~1.00 TIHEEL L.
8= F 4 7 R — Fid0.85~0. 98 5 THEIRVERE 3K
EFHTH 5.

(3) BrRE Zitic KB O B HMOUFH 537
3 A REREE & LRSI it Ky
TROFEBEHICHDT LM, —F 12 WvE—F
TRERICWD LT, WO JEEoERE
HBLTOG. A8, &0 hRIFE R 2R

(4) HmRE 1 HBicsy 2 R0 k0FH
WD) LERFEOTHL, HRIZLF-MHKITE
BR&EW. 7, BELERLZILZZABFOZMHD
BROFH ey &, HRICEZVFS ¢ ExhET
DEHOTH cx ODMTH5S. A FicikHT 3 &, ¢



AMEICAEMHOBRNEE (564 93

5¢
O
4t
>
3l (o)
*
a
2 ° ¢ °
L. a
o %
— a o
E o ) °
N 1 8 o o O a
£ % ° e O
5 a
o 0 L A J
2,
L
a
1F . Lad
Y
a A
0 A~ - L ;
010 [
v
v
005F " - e e
v M v v M
0 1 H I
1 10 10° 10°
N
Fig. 18. Relation between accumulated hysteresis energy (W,) and

repetition number to fracture (N).
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Summary

It is the purpose of this study to obtain the fundamental information on the
fatigue behavior of wood and wood based materials under impact blows applied
repeatedly on their bending specimens. Four kinds of test materials were used,
namely, Taiwanhinoki (Chamaecyparis taiwanensis M. ct S.), Hemlock (7suga hetero-
phylla Sarg.), sevenlayer plywood and threelayer particleboard. The impact bending
tests were carried out by center loading method on the dropping type impact ma-
chine. The weight of dropping hammer was 8.5kg and the test specimens were
made on 20 mm thick by 20, 40 or 60 mm wide by 320mm long. The test results
obtained are summarized as follows.

The fracture types of specimens in the impact fatigue tests differ with each
material. The type in the case of solid wood (Taiwanhinoki and Hemlock) is hor-
izontal shear slit near the neutral axis of bending specimen and tension fracture
at the center of bending span on the tensile side. The type in plywood is rolling
and horizontal shear fracture on the veneer layers which intersect at right angle
to lengthwise, or tension fracture on the outer layer, and these fractures are de-
pended on their widths of the specimens. The type in particleboard is brush ten-
sion fracture at the center of span.

There exists a negative rectilinear correlation on a log scale between the im-
pact bending strength of test specimen (s,) and the repetition number of impact
blow to fracture (N) in all materials. The values of impact cnergy applicd to a
test specimen (E,) when solid wood and plywood are fractured by the first impact
blow show about ten and five times as much as that of particleboard respectively.

The strain distribution along the tensile side on the bending specimen when a
impact blow is applied to it shows the curve which has a maximum value at the
center of span and has a decreasing slope with going away from the center, and
the decreasing slope is steep in the case of solid wood, but it is gentle in the case
of particleboard. And plywood shows a medium slope of them.

The maximum strain on the center of span at » repetition number of impact
blow (ey) is presented by the sum of the strain generated by the impact blow
itself (impact strain) and the strain remaincd by the last blow (residual strain), and
the both strains increase with increase of n.

The final value of ¢, when the specimen is fractured is depended on not only
tested material but also N. In the case of solid wood, the value is constant re-
gardless of N in the smaller range of N but it increases gradually with N above
the range, and the value is largest among the tested materials. The variation of
ey with N in the case of plywood resembles to the case of solid wood and the
value follows the case. On the contrary of those, ey in the case of particle-
board decreases with increase of N, and the value of ey is smaller than that of
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the other two materials.

Hysteresis energy accumulated in the specimen by every impact blow increases
with increase of n, and the accumulated values of the energy until the final blow
in the case of solid wood and plywood are about forty-five and fifteen times as
much as that of particleboard respectively.



