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Fatigue Process and S-N Relation of Particleboard in Bending

Jong-Young Park and Yoshihiro MATAKI

® =]

28—F 4 7 VR — R OEREMTFEFCB VT, S-N BRI X 2 B HEGO I HEE %
BB OME EBIEL THRETL, 127 Y v 2 2 ) —7EEE X U MOE £ #fE
58=F 4 7 VR — R OEFETERZEHL 2. S-N BRTOBI vV 2T (0r/
va) B L PG (0r/on) TRT &, BHFEGOSARFECRIZT, R—FOES, BER
REB L UEEE TR COBRE Y ARk EOMBSEGOFERHN»TH 5. S-N BRI S
D RHEEETEEL L U2 OHEREIFBHOHITOEEKFEL TWE, ¥512, S-N i
ROMER! & BT OB OEERE L OBMRIC & > TEFEGDIZS D E B TFHIE NS,
£, FEENAER X DHIETE 280 MOE L EHHEOBGRNIEE T RETH 3.
WN—=TF 4 ZNVER—=FRIRD & 5% 3EREOFEFBEE2BETHEEICES, Thbb,

BT (EBER) ; VHHoEEaEaE,

BB (BFERE) ; BEEROZENEERE,

ERRETL (BEBmEfe) ; MEOARLZEREROMEL L UHMEHE B,

ZLT, BEAVVIZE, B3R LRI (NINy) D20 D Bz, BEH PR IHEST
UCERBEINICE S KHE, BREINIZA - TH o EFBEAOETIEEHI VAV TABTH
2. MOR OZAtCREBEFBENED S, BRI, MTOBMEEII A7) v
7V —THEEE—HT S, 5B, 3BR—FOEIETICE T 2 ZBOIHBIRIZ L\,

1. #

BRIEI L2 /5—T 4 2 VR —FOEEB L HEMER2FHT 2 2 L 3IEEAM L
LTOAAEBWTERLRTETHS. —T 1 7VK—FEEBED LS n—HE LR
7D, KN BERERTERETEEREEIN TV 2 RTEEIC & > THEREFEE 2R
T, =T 4 ZVR—FOTEFCOVTIE, FER—FOWAMRELTET 5 Hike
LT, BORUMEE STV~ LRI DR LB E OBFEMR, EOELERICHED
A7) w2 7Y —7OETHRRE ERREZIN T3S (KOLLMANN et al, 1961) (H
5, 1984) (BHEF S, 1985) (KEES, 1988). ZDiE», FIEED B L UBHE A L % /9—
T A7 NVR—=FOEFTOTOHFEDTOI TS (McNATT ¢f al., 1976) (Suzuxi ef
al.,1986), LU, M7 —2 OERC X 2 EHFEGIMMOHE, S 61, EFHCBT



98

BET EWETBREORHEL Pz —BE s T3, L2, =7 4 2 VR— FIZNEE
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B53 50T, BVEULGHIC L 2RRELHERHL2HS LT 2LESH2 LEbR
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AR TIZ, ERE—EY A 2 ML 25—F 4 2V R— FOMTEREEHICONT,
BDRUISH EEE TORE VIR LB E DBIR (S-N BEfR) OFEIHISHT 21T, 8
ST & 2 IEHFMO AR 2 BT OME CBIEL TR L2, 51, IB/HEY
BLICHES>TEUAERERE, Wb YA 27U v 22 —7(8) OEITERRE 2 HERE
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R =32 ) 7EEEEFITED I 200 7 4 7OHKRD 3B S—F 4 7 VKR—RT
Ho, EX10, 12, I5mm D JEEL2H ., &5, EE383mmo 3ER—F T,
FTERBR2UIVER->TES 1I5mm ORBOAC LI bDEHHA L. Zh5DR—FD
WHEOMXGREEES2X 1 CxRY, £/, 15mm D 3BER—F TR, BETEOXV A
MCxT s 2 FT8 L CEALFROEBRE 2 Zh 2L, TS T, $XTETH
I ERER L 72,

2.2, BERRYBRLTERBR
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Fig. 1 Layer construction of board specimens showed by soft X-ray photography.
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SELI 2 T 7 EERES B LT, /%5 60 cm @O FIED BT o gt
ERES 20 BIOREE CEAM T 2 ERERDIEUEBRETT o 72 80 K LFEOHIFIX B
FOBESICE > TRRZ S, 10° BLNOEY A 7 VB THET 2 X 5 &RE L, #HERH
FHERBREZ 80 ecmXIEIcm THB, —F, BYRLAFRZIEU 28 cba(FA4 7V v
2279 —7) OFELEEGNICETFEAE L. £, BV ELARNOBRTOHEF 12D
T, WBIREDAOEN AR IC L D MOE 2HEL, #VELHITHERS 2 2510 MOE
WXt 2 HERRD, ik MOE BERL L7,

. MR EE

3.1, BBy oOME

HER R — F D MOE (E), MOR (0») 8 X CHITHBIBREIGT (05) 3, R—F2EH»
EE, BEE (7)) &b EAL, BHE: OMBEE (R) BEMLTw3 (F1), %
72, WEDADFECE, SER—FPCHNTHEBERBOHTOMEL2RL TR, %
DEENIRR/NS L, HELOHBERELREY. K125, 3BR-—FTRLETREOE
HDT N5 AHBMITOBEDIES DX ST 2 WREENTFHISh, ABOAIZLT:
FiZlE, TOEIBRBOFENHEEIN TR EEZO NS,

R1 EEFEBRFORE, BUHTOMES & CTEROBESER
Table 1 Specific gravity, static bending properties, and regression equation between them,
for fatigue specimens.

Specific Static bendin ici
Particleboard gravity properties & Regression Coef(f)lfment
specimens equation .
b CI}/(a%) Mean CV(%) a correlation
0.792 E 3.84 6.8 £ =— 1.91+ 7.27 7, 0.813
10 (é ” Om 243 9.1 |0, =—259 +633 Ya 0.841
: op 194 8.2|0p =—150 +434 Ya 0.737
0.790 E 3.60 10.6 | £ =— 4.91+ 10.78 7, 0.856
12 (3 8) om 237 11.0 | 6n ——344 4736 Ya 0.847
th?glfggss : o 171 12.3 | 0p =—293  +588 7, | 0.861
(mm) 073 |E 85l T4|E =— 4.3+ 10.13 ra| 0.954
15 (3 2) omn 221 10.9 | o0n =—424 4835 Ya 0.871
: op 154 9.7 0p =—251 +524 Ya 0.862
E 0.91 55| F =— 1.45+ 4.23 7. 0.869
15 0.557 Onm 79 8.9 | om =—257 +605 Ya 0.918

(Core)) .00 | ™ 4 7.3| 0

va - Specific gravity at air-dried condition

CV : Coefficient of variation

E  :Modulus of elasticity (MOE) (x10*kgf/cm?)

on . Modulus of rupture (MOR) (kgf/cm?)

op : Stress at proportional limit (kgf/cm?)

*Core : Only core layer after planning on 3-layered board

— 9 4245 Ya 0.890
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1
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1 1 1
0.75 0.80 0.85
Specific gravity Specific gravity

Fig. 2 Relationship between specific gravity and static bending properties for fatigue
specimens.
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3.2, S-NBRICLZPEHZFGFSH

EE, S-N iR ENERIVELBBICL>TRELTWEHOTHD, EORLEITD
EREFREBRTE, OV TFAOETICL D EBROREICHIZMETL T HFES, 1978) (1
A, 1980), # T, BBZED S-NFEHTORVELIGHEWS DR, EFEMICLD
B S OXREICHOHERTKRD -0 THY, RBUDICTITHS. W I TORY
WLUEE (Ny) & 10° %4 7 VAT ORFEGBCAHHE L TWE DT, EERHEOZEDRL
L THBELEWIEHO ERE, whw3 S-N RO ARE (Endurance limit)
BROBZLBTERDoT.

£2T, WIPEFHBREZT L &5 27707 (07) BELUCHIEH (orfrd), &5, Xt
B R OB TR TR T %3 MOR (0n), BTHBIREISSH (0p) XT 28DK
U HIDE (or/oms orfop) 72 ¥ LREWT % TOEV R LB ONEE (log Ny) L OFFE%
w~L, ZFOHRT, orfya—log Ny 8 LU or/Jon—log N BBHEOD S-N Hi#E > K 3, 41D
L7z, S-NBROBRNKRRTGEE U TIREERD» & 5 BEOX AV 5 Tw 308 (IUAE
5, 1980), BEWHE DR LB 10° LUF OIEY 4 2 VBRI T 2 REBR T, BV
Nk log Ny L DEIOEREIESEL T3, orfra—log Ny BRI X 2 EHEHERIGICE
Wi, R— FOE SR EFBHCRE, 35S TR TOBMED A X 5808 LUHIGH (or/
ve) DEVHSBTH B, orJon—log Ny DBURTOISTIE (0r/0m) OEEZ, VWThO
BETHH0.4~0.8 TH 3,

L7zd3-C, S-NBHRIC X D, BFEEBECRIZT O IIENRTFOEELRITT 25
FWiE, ST (orf7e) T, MEIOFEHABRERTOEE LR T 2 581, M0 1ZEHAHE
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#2 MITEFCBIBES A 7D S—N BEFRIIHT 2 ERER
Table 2 Regression equation for various types of S—AN relation in bending fatigue.

: Coefficient
Particleboard Type of R . .
: - egression equation of
specimens S—N curve correlation
or—Ns or =220 —14.6 log N, —0.619
1 or/7a—Ny /72 =290 —23.8 log Ny —0.783
0r/0m—Ny 6/om=0.955— 0.084 log N, —0.613
or/0p—Ny o/ob= 1.206— 0.111 log Ny —-0.619
o-—N, | o, =199  —20.0 log N, —0.654
12 0r/7a—Nr | 6/r=254  —26.4 log N, —0.705
Board o:/on—N; | o/;= 0.853— 0.074log N, | —0.771
oar _ = — -0
thickness or/op—N; o/op=1.189— 0.100 log Ny 0.768
(mm) o—N, | o =165 —14.7 log N, —0.858
15 dr/Ya_Nf 0'7/7’12:223 —21.1 log Nf —0.867
or/an—N; o/om=0.938— 0.102 log N, —0.803
or/0o—Ny o/op=1.424— 0.139 log N, —0.840
or—N;y or = 70 — 8.4 log N, —0.884
15 or/ya—Ns o/r.=128 —15.6 log N, —0.899
(Core) 0r/on—N; | &/on= 0.977— 0.130 log N, —0.837
or/0p—N; o/op=1.839— 0.239 log N, 0.860
or—N; or =159 — 9.8 log N, —0.666
or/7a—Ny 6/ 7a=216 —15.2 log N, —0.815
Parallel
arate or/ow—N, | /o= 0.916— 0.090log N, | —0.740
To machine ar/op—N; G/op= 1.329— 0.126 log N, —0.767
direction or—N; or =137 — 9.7 log N, —0.599
Cross or/va—Ns /7. =184 —13.7 log N, —0.688
0r/0n—Ny o/on=0.826— 0.076 log N, —0.751
Jr/dp-Nf (;,/o},: 1.230— 0.097 IOg Nf —0.667

Ny : Number of cycles to failure
o- . Repetitive stress (kgf/cm?)
or/7a . Specific stress (kgf/cm?)
0r/0m, 0r/0p . Stress ratio

FHHEESNBIEALE (orfon) TROVEBELBHVRLVEZRLTABRVWEEZONS,

3.3. S-N iR HndiFotE & oiE

WFNDI A 7O S-NERIZBWT Y, R—FESIDHEARE L HIZ, TV E log
Ny EOFREIRE < & D, WIESRER A O tLE L HBaihT o EROHBREOELEFEL &
ShEmERT(®5)., B8, or/on—Nr BL U 6//op— Ny D S-N BEROERR L D H#TE
SN N =10° B 2 EE (One, 0pe) & NIBREF ORI T OME (0n, 0p)
ZHELTWS (F6), R—FEIOBEI L 5T, oneld on EAITL RSB T S,
ZZT, Omeld on D 30~45%DEHTH S, Lizhi>T, S-NEFE» S OHEREHE
BZOHEREL L EHNMITOEECKET 3 L Ebh b,

—7%, S-N BfRIC X 2 EHHFEGIAOEZTB VL TRMEROIEEDO— D 3Bk ER D
BoDo&EThs, FMOEosD22DEREL TR, KE»ic (1) HEoNLRECE T2
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Fig. 3 Relationship between stress levels (o0r/74, 0-/0n) and number of cycles to failure for
various board thicknesses.
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Fig. 4 Relationship between stress levels (6,/y4, 6-/0») and number of cycles to failure for
parallel and cross to manufacturing machine direction.
4 BEBRORD FRCHRT2FITBIVEAAMCIBI 2NV EEFER L LD
BEfR

EZ8, (2) BBREFOTH, 3) HFEGETOBENREZEB LT N, ZOFER
EEBIEAT AL OFERTRH S (TS, 1980), A®mTid, Lo 1) oRFK
DWTEHL, BHTOME B TORIRE L FFEREGOIES D % L OEEHE
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IRI

Coefficients of correlation

! 1 1

10 12 . 15
Board thickness (mm)

Fig. 5 Changes in coeffcient of correlation from static bending properties-specific gravity (a)
and S-N (b) relationships with board thickness.

5 R—FEIZ L2087 OME L LEOBR(2) 8 & URREIE/I L~V TO S-N Bk (b)
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Fig. 6 Changes in static bending properties (a) and estimated fatigue strength (b) with board
thickness.

Ome, Ope - Bstimated fatigue strength at 10° cycles by regression equation for each
relationship of ¢,/on— N, and ¢,/on— N;.
*The range of the mean values shows the standard

6 R—FEILZH0HTOEES L CHERST BEDEL

B FRCHRET U7z, S-N HROMER L EFFEGOIXS D& EOBFRIIH L TiE, £BH
BoEFFMT —F 2HEH LB TO N, ROBEC b 53, S-N iR
DIER L EFFROLEREOMICITEOHEESH 2 Z L 2R L TWwS (TS, 1980)
(xRS, 1988), Z 2T, S-N HFROER 2 EHFGDOIES DEERTFI XA -5 L L
TRZTETIE, T4 7 VA= FOFHNHMITOMBEOEEH R L S-N HROMER &
DERIC & - T, BiEGORE S DENFHTEZ LEZ oINS HTERT LI, S-N
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" Thickness mm
10 12 15 15{Core)
E o & 0 ¢
Om © o D ©
12— Op ® A m e

Coefficient of variation
on static bending properties cv (%)
o
|

4 1 I |
5 10 15 20 25

Slope coefficient in the regression equation
for Or-log Nf relation. a

Fig. 7 Relationship between slope of S-N curve and coefficient of variation on static bending
properties.

7 S-NihiROMES L BT OB O EEIRE & OB

HARDMERM TH 2 or—log N, BAFRIZ B 1 2 ERRE (a) IENBHABRF OB T OWE
DEEMRE (CV) L & b s 2EAnRon s, i, BN ECLVEIET
& % MOE OXERBII RSN FEROIES D2 OFFMIcERICR 2 Lt Bbhs, LiL,
T 47 NVER—FOBNUHEDRES D& LEFFEGOES D& L ODEENBRERETT 2

7eDWiE, H—EHVv N TEEESBORBR CNT 38V ELEBRZTbR IR S

B,

3.4, YUYy o) —FigEiTEE

YA 7Y 27270 =7, EWELIVEYA 7 VESRBREITES, ARFAKE
BT T 2827 V—THRTHY, HFREUTORHLV AT ZDHF A7) v
ZV=TPBELCS, 427V v 277 ) —7OHETERR, M8 RT3, BEIAH
WIS 2 IO BB (BRFE 1), BV ELEROBME & b IR CRE L THETT
2 EHEE(BRREID, & 51, BIICE 2 £ TR EH8EIN3 2 B Nnes (ERREm)
BESERCHTOND, ZOBEBOBKI»SMAKZEBROEDELES (V) i,
BOBE LG O FREL TEREINIMINGE 2 5 v 7REFED R — F ONEHEE CHEIEL
TeRMEEPRE SRR LB 2BITHTH Y, PRESEIARL | 2B THOE S
wMeEEZOND, —H, KMRR—FEDY A 27V v 27 2 Y —FOETEE % 4 BRI
FTRELTO2HELH 50 (5115, 1971) (BEFS, 1985), AT, ERREIIL
B RBEEND X BTRERIRD >,

BHR DR LEH (N,) o3 2 ETREOEVELES (N) Ok, D 0ighEL
E#EL (NN OBIMCESI A4 27V w22 ) —7 (8) OZtEFHER2 L (M9), »
THOBETY, BRI RIEEICEL, FOERES (BRI o733, BRIIES
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QO febr—— T
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(&)
of
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Minimum _creep

Nc Nf
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Fig. 8 Progression of cyclic creep with repeatation of loading.
& : Initial cyclic creep
dc: Critical cyclic creep
Sy : Cyclic creep directly before failure
N, : Critical life
Ny: Number of cycles to failure
8 BELAREEIVA 7Y v 2 7Y —TD#T

50
Board (ggr;‘/cmz) Nf -
A 155 4.22x10

| eoeee 3-layered
40 Ye'®C B 125 3.24x10

a 89 5.85x102
b 60 1.45x10*

301 Board thickness ; 15mm

—— Core

Increase ratio of maximum cyclic creep (%)

i 1 1 i
() 0.2 0.4 0.6 0.8 1.0
Loading cycle ratio N/Nf

Fig. 9 Relationship between increase ratio of cyclic creep and loading cycle ratio.
M9 VA2V —7HEIEKLEE LB OBF

FHOHI T10~90% 2 HD, V427V v 77 ) —FRERCERNZEIMNERT. ORR
56 MADOBITHR (No) TOEDELUEE (N/Ny) &, BEIOHEMEGT LD
b, ABDADEENIBR—F XD /B0, BHVARVBFWIEETHY A 27V v
7V —7B(O)DBRENILEYRTHZ, & ITET 2 RIGCOMIR BT IE L
B, ZOLI3RBBITED, RIBHIVARVIZET 2R D R LEE (log Ny) & BEliE
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Fig. 10 Changes in MOE retention and increase ratio of cyclic creep with repeatation of
loading by various stress levels.
* A~F and a~f: Point directly before failure.
10 BISHVRLTOBELEARICHELZS MOEBERLYA 7Y v 7 ) —FEInEOEL

Al (Nro) TOHA 2V w2720 —HEMEORKAE (100 A-F &) L oBRIZIZE
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3.5, E¥BI2IZH153 MOR %1t

YA 7Yy 27 —FOERE L 2 MOE OZ1t % %18 MOE 12343 24 0 E LigH
D MOE 0 itE, $42bb, MOEBFEETRLI(K10), 3ER—-FOBE, H1 27V v
77 — TR T, 10 MOE OfKRIZ 5% EE B E T, BRIEILZA - TH 5 A8
KETT 2300, IZIZWEMICES  THIOUBREOERERZHEOI LT OLNE, A
BOADBEITIE, SER—F LD HEBETOERFIC MOE 852 L < ERL, B E2
F TR T0~80% DEELEZ TR L TWw5, Ld L, MOE 26385 1T 2 BRER (BRI 1)
BRD Sz, B 10 2R a~f OFISBMER (Ny-) O MOEBERTH5, MOE
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IEMER T CORI—0FABEROER (E = orfe) LEBEINZHDTH B2, I
T, FEERK8 DY A 27V v 7 7 ) —FEEEIC LD, E(Ns1)/Esx100 = 6/(8r(max)
— 8,(min) ) X100(%) DR THEETERTD MOE BEFX 2K 72,

PDED X > 2EHEREFO MOEERGERLRIROY A 27V v 2 2 ) —7FHEC LD,
R—F 4 7 VR— ROEFETESHEZRS L, 7, BOVRLEISHIEY, &Fmnd
2 EHEE (BRI OHFIIKE o2 K, HEnEfE (BRI CToOEFOETIZA
BThsd, CRIEFERET, UTERINT, bERFELLMNY 5 v 7 OITEY
HESZEGEEEEZBO WD EEZONS, DI, ABOAK LSS, &
Fmizbz s MOE BEROERE L YA 27V v 2 ) —7O8EMEZ, FUBEER
BTOIBR—FOBEELD 2512k D, IBR—FOLTERBW X 2EFETOM
HEIRBE L RENT WS,

4, #& £

VLEE, BEAAREME L L T—BEFsNTw 55— F 4 7 VR — R OEHHRIME
B L EFETESZHL DT 500, EMEOMIPENRBR 21T, S-N BERCE
F B FR AT T 0L D OMBRGEOFE S BT OME L BE L THRETL
2 EBE,HA 7V v 2 7 ) —TFEREB LU MOE O L D /8—F 4 7 ViE—F O
FRBEEFE LT, TOBRIZIROED TH 3.

(1) orfra—log Ny BBfRIZ & o TEFFEGSME2RTHE L, R—NOES, BRI
RBIUSETETOBEXEY Ak S L3R LI (ofr.) OERHEMITH
D, orfon—log N, IR Tl, 205 DRETFOEBERNEESN, WTNOBETY RIS
Jitt (orfom) OEHETHAET 5.

(2) S-NER»sHEESNLEFBEB L UZOHERERR —HBF 0BT D
HEOECHEKET 2, &6, S-N HROERNIEMH T OME DL R L & b
BNy 2ERETL, ZOBMRIC L D ESEGOIFSOENTHIINS,

(3) Y427V vy 7Y —7HEHITHREBZLYD, /=T 1 7 VK — R OEFERRIIESAR
(BRRE 1), EEERE (BRI, WEneE (BRI o 3BT shs. MOR 0%
BT B ERERIITED SR V»A, BIEIL, I TOZEBEEIYA 27 v 72 ) — 7
TE—87 5.

(1) EHEEL L 5MADOBITHR (No) TOREDRLBIELEL (N/Ny) &, BIGHOBE
MEETTED b, NBOADFEENIER—F LD /3w, KM, #YEUEETLN
MIZE, BRRBRICA > To o FEHETHEETH Y, MOE »ABCERT 2. kB, W
Bo &Iz L25E&D MOE BERQERB LUV A 7V v o 7 ) — 7O, B UBE
ERBTD IBR—- P ICHRTH 2 fEIcRk 3,

5 B X ®

HFRE—ER - FHR{C - ARER (1978) | HICHHIEIRE VB LR AR BT 29127 v 7
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7 = TEREE E AN TERE., HABRESHE 4 (379) [ 798~805
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Summary

The influence of different material conditions on the fatigue life distribution of particleboard
could be showed by representing the stress level of S-N curve in specific stress ¢./y. and stress
ratio o,/o». Both the estimated bending fatigue strength and the coefficient of correlation in S-N
relation depended on the static bending properties of non cyclic loaded specimen. Moreover a
quantitative relationship expected to be found in statistical variation between the fatigue life
and the static bending properties since the slope of S-N curve increased with the coefficient of
variation of static bending properties. In particular, it was worthy of notice that fatigue
properties were closely related static MOE.

From the behavior of cyclic creep and MOE retention in low-cycle bending fatigue under the
controlled load, the fatigue process of particleboard could be devided into three stages as
folloWs;

Stage I (Transient stage): The early step where strain increases rapidly.

Stage II (Stable stage) : The middle step where the plastical strain gradually increases

through the most part of fatigue life.

Stage III (Failure stage) : The end step where strain increases acceleratively with elasticity

loss and then the unstable failure occurs.

While the fatigue proceeded to the stage III within low cyclic ratio (N/N,) under high stress
level, the fatigue progression in the stage III was rapid under low stress level. Transient stage
was not recognized in the behavior of MOE, but MOE changed inaccordance with cyclic creep
in the stagesIl and IIl. The face layers had a remarkable effect to restrain the fatigue
progression on three-layer particleboard.



