ZAAE A AH4H A

2% AN NP AN EE A4 AE oprlstnz Hags|ol
gk, A Feo) we 2A 2o BHAABRZ Fold AL 9B, F4E&, 2ALE
sg adsol stk Folo] ojH AR BRI doju: B (yield)d FHALS
337 gata BhoH dFe v Qo 2N FRE AF E = FAAN HAHo
2 FRo AAHNE HHoln, AHFHL Eold o] staixEs HFo] You, 33
A4 ZHAN FIF ]2 F48 5 Utk B3} o) P 224 Heo B4, v
AR 25 2 3o e AF 54 2 33 EXo B 37N Sw-BKP 7
9 A& B37t 253, Hw-BKPY 2% 2¢AY 337 fE8E Aoz vg
o AR Edd mE Ay A 33 A4 AR} AR AEo] FEHE A
$ 33 e FAL AL F AE Ao Vet #33 g8 AF 299
g% Ao B2 EEF 337 AR NPEH 2& ¥ 4 ARE YT
Q7] Mo Ae AAHQY Ao APHoz sty & F Yok

o(

l

rlo i-)l'

4y o

I A&

2A9 A4, 7HEFE 59 A (runnability)& F4 FIZAX A9 BAA}

Folgith. 2 A9 2H =EEFo LEHAT. Niskanen®e Folo ZEe 3

(fracture)ell W3t & A, 2%, Z=9 4#BAE JR3AS. Ad9 A&t H

GANEd PHAE 4Pyt 2 P E Kortshot(2), Makels”, Roisum* % %ol
o] At FFH3ATt

Ade] d1e 423 FEFL AYL 719dor sk EXE WA HFA s

A E4E d7E o B A FESAY 54 2x¥gd g3 &9 AH

P&t &4S dErh 2Z o] A(splicing) Foll "ol Z7} ’%E HEHAE AHEH.

< AAEZE ARSA st HGF vtee L A

a2 d B AJAE Zatd &
AL FEANE F Atk Folvt o1$HR eFHE Z2E u}a} s AL A
9 ANE Fo 53 e oY Higd A2 & Fstx, EFM FolEE FE X
Y43 (clamping pressure)S A A3s] ZHa Fojof dth Ty ofFy AFHE A
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ol &8 FEol UAY & Aol &4 Ut wetM AHe 73t AFEF =
Ao Al A ddAol dFHe2 EME § e 33 98 (fracture mechanics)S A&
He AL 9ur) vk

Folel EHAHE A7l AME Fold JAFAE, JAEZE £ FAA
& F7HA7IE 8 Aolgte 71 stellA B A7 Aol gtk el o] =&l
Me olgd ZHAE AR AN E FEAI7] HelAe G0 dojue 7HE ®
© AAITAH FEAH AL MR a2 EAE HlMe AESH(web
stress), AAA7]9] EX9 Folo 7|AH FAo] Fad JE¥AAoT.

I AA& AR Folo 54

AXEZ 44 e AT B dA4A =852 ALEE, AZB=E
BGAAY 22 s £ 2 A ZAEH EAE FIAIIE RAoln Fold B
4 E43 QM2 ALAF AL FHE o= AN Pagest Seth’& Au
g JAA4ANEE AE UA EYsA AAL 47 =% 8401-23 AE/1008)0]7]
& F29 FA%(random statistics) & 75’!%‘%9— 2 BAHZ oy} Y b
oJJHE A7 AMAME B33 B 59 EL JHAL Aokt P} Pagedt Sethel
93td @7)7 Fdee dolgqd 2 ‘?‘;°]7} AoA N3RS HolHE A7) oy
i, 71 doiME AAZFe B JFAAEC] HE FFHER FA] o] of
dora ok Frizdel 23 PR E AL AUgEe A #MEsh ded,
ALEL Fol7t v Az FF A A (brittle) Aol 433 F7tdctn 53
H(Fig. 1).
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7
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Fig. 1. A1 ®Wzte 2434,

- 158 -



Page$} Setholl 93® 5UF AAFAlo] ofs) 448 APY &3 A=A
& g9 ZxAole AT @k 1Y A2 G2 FAAA PAE Folg 1509
A 2oN BASRGEHY FoAGe] L Folo ANl $FaAtHFig. 2.
Moilainen® Lindquist’® M2 T2 AR At ZArg Fo|&S EAsddY A
o] Yot g9 FUA] W AFo] Yt T

F-N

/

BREAKS/100 ROLLS
4
/
L ]

o A i i H
04 0.5 0.6 0.7

FRACTURE RESISTANCE, J/m
Fig. 2. 37 A3} A48

Uesaka et al”& 3d ¥ 4l £H4e EAGHeE 248
e, AdEH Fold S4¢ FzaAE ARt AFFE/ =3 MD AR
(stretch)o] ZF718td | dgo] #2dH:, CD A7 Ee ZHTE I gFe &
FFg F2 g
AeHoz AAYS Fo54e JPHY BAYS W
F Atk I olfrE vl$ B 2L Aokt SAHeE
T A AR, YRAE, AFE SAGY ALE] Bad
of A& A Zth Y 18 SHE FANAE LAH I

o||

9 =89 47 Aom
frelgel 817 dgel
= oholuze] AnA

>,

d= 37t b 2

(<}
ol MMl FA vl (process design)d Y& o3& @o] 957 ujFolc}
AEZAE7F FAHA SAAo FAEYT Bud =& Qvn dddyg.

. 3735 Welst A4
Weibul'¥e EA8402 Tx7 2 EXlE L ARG AZZE7} Yoz
Basteh o8l FALE “the weak link effect’8ti 25 dHAA=d 2hd3] T3}
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EE EAE 4 FEAA FAHER %%Xﬂ%-’? o g FEo] A& 7 AE

283 g3 o) 2o s FAE BT Bledges)NM o AF Azd
tn stk B8 EAY WA Iyt ARE £ gl

Swinehart(24)= linear elastic fracture mechanics(LEFM)3} Weibull shaped
flaw size distributiong ZAgsd =F7dAe AEE BMAT FAJALEE FH 3
2 Aoz 79 F(hole count)E EFAH3Y 1P 4F RdE WEUT Fo9
Z o] 30 mm ©]4 Hojol ApojH e} & e HFE AR (edge defects)oll & Az}
& 7lsteby S 9 -’F tba shrd. Uesaka”, Hristopolous™E Weibull
distributiong ZEEE AH F @& FEREY ZHA EAAHEE dF3dHd 2 2
3 A G 7MF & TS 71X AAE Weibull modulus(m)l o] gHa F o

Weak link statisticso] tigF vl oz Hud AL A7|9 AEE FH3A
de Zr AHRE AE59] weak link statisticsE H{E o, Folo AHE oFrjd=
d9lo] T AU HojW ER(cuts)d o, Abo| Bt A gl o FEe Wold 27
to] Foly Hojx R £ = AVE 458 &+ fle Aotk

9

o]

V. A4 A A T4 24
F oo 9uE A4X8e edde BAEY] AsidE BAY Syd JFdn
g 37Hx AAE A Role ),

aze () €9, @ 2¥27, 3) F9
ot Adel HAs APAste HsAE 3
] A7

5 <k

Soll= (1) Fol9 HIAA FA, (2)
o] 9] L&A el (stress state)?] =A, (3) AW A7] ¥ XE(defect size distribution)®]
EAZ A7 ik a8y Ad 208 5 22 EHo] oHA T ol E=EA
23 2AS HAEeEn, vl oEA FHgdstS $HY A7 AHEE AYA
sl dHstaat gt

fr o o ox K

1. 8 3 (defects)

Zolo] o xde AASo] waFul Ark Adams' = AEEA S A" A
Qe Fig. 3% Zo] uatdch 2EQL Aol dis) 713 Be #AYL AT
At ;AN E ApolB Fo} Ao A@@IAZ B AU 23U FAdids
RA7)&o] BAE ApolB el Mo BAV el ASAE o Eoltt vl ZA
= g9utzoz ngyg R Fo|REE ASAZT AolEe AFHow HIFS E
ol EAHI QoA o Y Fx g "ol matA ApolBIF e Age FE
Z(slits)® 3 E ). Erksson et al®o] o3td At ANFAH Fo elFa 2A
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(edge cuts)oll &3} "ol HaW HAT 1 Zol7t 23 mmrt Hojof stctn g}, wh
gA Apol B U 7]El Fe AEe dubd A AY 24 dloA HZ FoEA gk

-

Shive
Scab

Unknown
Other
Hair/sisal :'?'31;'.,'.1'
Sticky B
Hole h
Plastic E

0 10 20 30 40 50 60 70
Break cause distribution, %

Fig. 3. X" 9 9l

T (holes)S SHAFY Qo] Hol XHe ZFr g Hojxginz HY ¢ &
& AR FZFE=Do] 289 T AZ A2 (hole detection system)S AX 33 g} ¥
e sHetE dX8te AFA o Aol dde] HeA HHEE AL 2 ¥y
o]},

2. A9 133 (web tension)

Z2X7] AEL L u TR E(edges)olA X AARAHo ¥ AL AF
UH(Fig. 4). 18 A EAZ 79 %2 B ol ¢ &
FA, BF £ FF&o] FHI dEt Z(streaks)ol A7IE <A
CDolA el XEAFHo] EFUsA =Hr}l. Flying splices WHEo| ez xEez
(un-round roll) @& A F AZFHo] Hojgkel =&l

Fig. 4. A& 23 A48 X,

MD#EFo 2ol Ag AFHE ol A Hnip)l A Y& @ Folo FAY
F(ZD)2 2 PHF(tack forces)o] 471, A Y FAE A dole Ao vz
o] RojErt 12g ntAY Eo HFE7t HojX(edge cut) BT W dF
b BY FHolA gtoz Hojuo A HE Aol HY wid FadchFig. 5). =<&
3 "5 dEd sFd7t By ol=(edge flutter) Ao WAste] FPF LR E
A FA3% A 44 5 ok B3 g3 5y ~10 m/s AEY F7]1S0)
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300 -
250
£ 2004
2
Z 160
o
2 1004
50 4

o

0 g T T v v T
0 1 2 3 4 5 6 7 8
CD PCSITION,

"ol E07hA 53¢ SHAEH HA o

Fig. 5. 1235‘ FA S Jtols & Ao FEo] A 9 upAH o3 HF

Folg £24 ool YolA AB A% e 24

7Hg og e FEolt dFE AAVIeAE] E9 AE AAHE FED e A
of & FojEolth Fig. 4% 2 AF JAHEE w&o =HF —‘?——3‘91 EA A &

A Y EAZ BsE Aoz nAnk?
7t 4943 e 234 44

A5 Y AFHe 2aaAst bt * B(Fig. 6). Gregersen®e 213
o} R Ao} Weibullo]&& wr2y] wj&o] 2adArst Qoka ol
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100 -

g 10 . |
g o . |
S ‘ |
g i . ) "
3 0
-é &
,§ 0.1 4o .

0.04 .
| d 5 ; / 8 9

Web tension (Livin)

Fig. 6. A1¥ A48 (Lb/In)3} X A 34 (breaks per 10000 Ft).

3. #AA

AAel =7], et &7 39 A(fracture toughness)S dolof A& o
=3 4 ot FH AL Griffith?e] MFAE AT ol Z AU TA G (solid
mechanics)oll &3 o2 o] &5 g}

7}. LEFM

e Ao g s gste LEFMolgtn jit} 85 wg o 2 dFHe &9
I HE &8 A8 TANSlE €383 F A9 (stress intensity factor) &3] mode 19 7
A KiE =2 F U

Ki = Ggen x (- a)? x f(geometric parameters) (

AN Gpen WA AR 7}E SHoOT, ak BUH Zdo] YT UL
deol £5 F¢ 299 JF AW Yololn, £ AR 27|, TS Yoot A
e AAHE Baold a4 Fue 4es WAEE 24 BAY 4 »1‘—‘- 93
245 KE FT 4 Sl5d 240 AAE 08l Koo sl ol gesze
2 478 5 o

K = Ke (2)
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of W BAN et te 54E %
3o}, ¢ed BAHENE g
@ 482 + A%

1}. J-integral

F3 A AARGo] AF3 AAW LEFMY A6 =234 8. J& A3}
¥ 2 A7 Y =29 ] A4 FEMEEE o] &3td, B3d §3-
AE Udellles 240 e 49 J-integralS A AAstes Aol /M F2 Wy
Aoz wodr.

of

(<

t}. Essential work of fracture

G A 2R Go] wj§- F EHM YolA, BI7F9 A H(irreversible work) Wis
A4 a A(essential part) Weo H] ISR A(nonessential part) W2 Y& F ddt
(Cotterel®)& o] 80| A A aHs wgolt

Wf = We + Wp (3)

g}, Fol¢ ¥ s

Mikela” ¢t Swinehart'Ve)] ol8td #2 & olsiar] A8 JHesE BA 73

RE Budy) oJyga $£F-dygg THS ojo @rkn sk Wellmar®s 4%

NgE ol839 J-integraldl 7]Z¥ FMoz & &01-4 37 8} 5 (critical load) 3}

A2 (elongation) S o1&8 4 Aotz @tk Fellers™e #3AQ4 S A o] &dte
Bo AT FANZeRE AFT RS FHIA

o) rQL'

a5 fHGEE Bol Oq:r“}‘ﬂ ANzE 39A4 ZFALHE MLstn Fold
LA HA AdgAsY A7) wet RHAG S ko] BEtAA ofobsta,
E AZ o HEFE F glolok ok LEFM2 ®wl$ & A&7 839, MDY 4
EAAY F2A 7] & (brittle) AFAT HEo] sMesttt. EPFM(J-integral)2
E 2 Zd & A 8@l EWF(essential work of fracture) -2 ul$ <1Ado] 7#gt
old] L& & JZ 2 AAHJEH, o] ¥HS LEFMY EPFMUE ol &4 7%
getatx] 2o, 3 SAWYPANA AR AEe FEirb okd BE FHY A&

ofN 1 M

7

2 3

- 164 -



N dASFH SARFES v dFdte Rollw AFSA Lo
ALY S A3, 24 of GA= Ry SHEHRE FH &y, ¢
Fg A7l REFY Fold diste 3 BFAY HIAEFTH AANZES 45 F
A7 sk Aol o]y AP S Wellmar et al®o] J-integral @] djste] B E
Ao
A4 A
Al

Z 23, JUEE 5 F9 874, 43 4RAA} dus
E g, BEHE o

3 4 o] Sol dated B A7 9
vk a2 23 A5 e AAA4H $U-AYE IH 2bA} BF 54
o W3] gl AE B2 oldd AT BgHeA @k 2 e s
A 3 A AFee AFstelor stel, tAA A AFHE 279 Fol
FE(structure)’t 1B HEAE APstelol Ak oldF WP AT AP
T ANEAY FEEH JYHE FEFLE IS} A7 Yo e

Fellers et al*o] A3} 9o},

1.
Fol9 H9AY zamzaozw Folo) d4¢ AAIAAD e @S
R AYS nANNE 2YHAY BEEGHE LHEA FAAHS A
= AR, @ASES BANGS HAngozA A4S FAHA

rlr e

stgao] walo] sty M B dFst olFofH)
gdHgde] Frkslez g5430 &8ss % w2 AF
AE FH3Ach Fellers et al™ol 2J3td TMPSt KP&
Tt 2AEAS W KPE 13|42 gHdigdo] ST, KPAF7F AAY
2 Aol HAEA7 R ] £235Art Koskinen et al?e ﬂol;g FEtE APA
TEEZ HAS dFsded, CPy niBF =9 F7tge a3g E43dg. TMPS
GWHEZE) dA & =F 39S 4 YA holes? cuts®] F3¢FS EMstict 3
£ ¢ ®o] & KP7} A 3 KPR ZAHo] & Fol(damaged sample)e] 37 &35
< F7HA AT Seth®} Page™d] olstd #4945 UBKP, 94 BKP, 295 BSP(E#
ol EE) % 1EER udE wAe FdrdAe]l Frtstd Hulgtdd =gdida
stk ey @94 BKPE 13istd 42 g AS st:dAdo] F7eA).
Astrom et al®2KP2 SGWE EFZA30¢ o, KPE 131242 }3 A4l %z
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4 Z71%d 3 &9 (Fig. 7). 28y Hiltunen® & TMP® KPE2 £¢2A39< 1
1o Ao o AT FARHo] F7IEHA &tk o) ol AAE H
H

Fracture toughness index, Jmikg

14
2t . O Pulp mixture i o
Wi o Hoz
| O Filler mixture P 7

8 ; @@% ,
6 L 9"%% P ord‘
4t '
2 o
0 ] - & P o, ok

0 20 40 60 80 100

Tensiie indax, KNmfkg
Rolghn 4ztart,
Fig. 7. KP%} SGWE £ %433 & o, KP naA=9} o3 AA.

. KP g =4

Fellers et al*& KP$} TMP 455 &8t Axd Folo UYL KP
g g Z71A4 o g3 A A 85 (critical load)3 AW ¥ (critical strain)©|
- ZA F/AdTn ERIFAT FIHEol AS 10%E AR E wWrt b & &
& Yehddo. Shallhom™& ¥ F4 KPst AS5IEZ(GP)E E@std 2AdAL o
AL 20%E AP A Y 2 B AR : SHTh Krenlampi et al®'7
Astrom et al*”& J-integralol\} EWF(essential work of fracture)¥# o2 =43
Hoviz7t 25 FE73Hreinforcement) BE H7to wil AMH oz Fristin
Z&Ah(Fig. 8). Z=%st B2 & A% HUYS o AZAE FH¥ &= AY 0
d FAAA L AdF)AY e 238 4t o F2 A7 YEvte AL u§
o 2.8 ARl

Fig. 8. 457 3} (reinforcement) = H7l3ko] wE& =314l o] W3}

ool o 1T K

o. FHA #§F =4
Astrom et al®*e @ 2E HsleE 1% Z7td) wa B3 eAdo] & 15% Ta
dohn ¥ A
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fracwre toughness index, Jm/ky

12 L
10 e E
6 & (o 200sRY
4f //«"”&M 30 26°SR |
g a  3tsm
0 20 40 &0 80 100
Portion chemical pulp, %
2 KP 54 =4

Eriksson et al™”& TMPel 10559 A% #v) KPE ZEFHELOE Ag3)
o, 9% =2 et XA S o SAFolt AN Wt AT
gtk gy Seth®e xZo) AAAEE, yHo FFUHL YRS o, F=F3
£ Hx3 Mxdo] gre(fine) AHE AHEFES Wl MEHo] F7 (coarse) HFHE At
£3& "yt SFdde] o EUdun stthFig. 9). MEH] FAL HF9 XEE
241 pg/moli A EWo] gk HHo ZEE 125 ug/mollt}h. Fellers et al& @A e
2 13id Afe ATl /M w%3, Heol 48 HAie @AEY) N =%
gx g 2dzx 9L o Kiarenlampi et al®e M EHo] AL FAHE7 o
AgadA 42 Axdo] g2 dAFET AHAYE Az T/ B astH .

20 ]
s o
g
& ® / 40
Py e ~
d g
R aned
2 N L
g 10 ~— §
'—
i jo G
4
8 . 5
z § 0
g 10 g
d (™
Coerap fibars Fine fibers
[} . . ]
0 50 100 150

TENSILE STRENGTH, Nem/g
Fig. 9. AlZ 9o}l $A4L Hdfroh & H4Fe F2AA ol =
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NG ES A |
Shallhorn®& g4

Agx g A
Az Fol BF7F 43 dFol 71 o FIJAAG ] FHe

At

&
fm
i
[l
e

¥
k1)

o 4»

vt Fg e =4
Shallhorm®¢e Q4 aPZE Pz A2 2ol9 Yyt Fexae s
07 g/em®*B ot Z7lstd F2QQe] F43] sFdtn sAHFig. 10).

EFFECT OF CALENDERING ON
FRACTUAE RESISTANCE & TENSHE STRENGTH
B vt e,
z I | Tensue
2%

B
g W
= M
§u ", E
2 FRACTURE N 3
% RESISTANCE . s
g g

w
g - -1 ¥
g ® *

kY
- 3
1:1:3
[ .
o4 as ds a7 08 1) i ) 12 [
APPARENT DENSITY {giem3}

Fig. 10. g X gjo] o Folo FB=x ¥l e A4,

Ab. g

Steadman and Fellers® “#} Shallhom™el 28} ® }
ghol wa} Folo o] W w, Folo Ty Fristd FIAIHE F7HEH
goh(Fig. 11).

EFFECT OF MOISTURE ON
NEWSPRINT FRACTURE RESISTANCE

144 -
i .
2 92 2
$
2
g 10 -
€ -
w
§ " i
£

S I

v v -—
3 ‘. ® 7 » 3 o t 2
MOISTURE (%}
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Fig. 11. AZ-&A8 g mE 394,

2. 3F 85 AEA Folod AF odF

J-integral &AWl o FHAAE e TIE EE Fee AP disto
#A5H FAVEL ALY £ A Wellmar et al™& o9} 2 wyoz 39
2 HEgod] APo] Qe 50 cm x 100 cme ANEEx9 ABTE I AL X|(sack
paper)oll i3l W &3 (buckling)ol iU FEE rtolg HAsta A3t eH,
BA TS SANY dig olE g HHghe] BF A UXsATH

VL 244 a7 olA nde Hase 38

Folo M el oA ®ol HE&HA ¥e Eokz, AAFEE FuFA F
£33 4 Y& Eol: sensitivity analysisolth. & ZAA9 =], AW AH, FFUA
o] ME olw HABAE /AL FFE 7A=A AN Be Heltk AXFTHFY &
FoAAd Fole FANY e AT E S/AIIAY, 29 F94 A71E FolAY,
AP Ay Z2Adg FdAY 37HA HE F " Aol AT TRl A
A7 F AYA BAE & UA sE

AH Aol A o] Ag o] A == o, A7 AE 3 (web
tension)$1 X X|F 4138 (web elongation)) A WA BE 3 °]‘1} &3] 27kA1 7 E A s
=, unwinding GAANA = X ZFE dejo]x vt dd AHAA QLS THsH A
g g AFoz vy oA & dolof AT S FEHAZLA FAWYE FB

AlAA deFe AE 5 A AET

T

A}FA}L
E =FL B9 47 Z27E8 EdE g9 #F =8F 8 HIdI S
di=gut. Gregersen, @. W. Runnability, fracture and pressroom breaks,
Advances in Paper Science and Technology, 13th Fundamental Research
Symposium, (ed. S. J. I’Anson), pp. 797-825, Cambridge, UK, Sept. 2005.

FnEd
1. Park. J-M., Yield and Fracture Study of Paper, PhD Thesis, State Univ. of New York,
Syracuse, USA, 1993.
2. Niskanen, K., Strength and fracture of paper, Products of papermaking, Trans. 10th Fund. Res.
Symp., (ed. C. F. Baker), pp. 641-725, PIRA Int’l, Surrey, UK, 1993.
3. Korshot, M. T., Fracture of paper, Handbook of Physical Testing of Paper, Vol. 1, 2nd ed., pp.

- 169 -



429-481, 2002.

4. Makald, P, On the fracture mechanics of paper, Nordic Pulp and Paper Research Journal,
17(3):254-274(2002).

5. Roisum, D. R., Runnability of paper, 1989 Finishing and Converting Conference, pp. 41-57,
Kansas City, MO, USA, Tappi press, Atlanta, 1989.

6. Roisum, D. R, Runnability of paper Part 2: troubleshooting web breaks, Tappi J.,
73(2):101-106(1990).

7. Page, D. H, and Seth, R. S, The problem of pressroom runnability, Tappi J.,
65(8):91-95(1982).

8 Moilainen, P., and Lindquist, U., Web inspection in the printing press - Research under the
Finnish technology program, Tappi J., 79(9):88-94(1996).

9. Uesaka, T., Ferahi, M. Hristopulos, D., Deng, N., Moss, C., Factors controlling pressroom
runnability of paper, The science of papermaking, Trans. 12th Fund. Res. Symp., (ed. C.F. Baker), pp.
1423-1439, FRC, Lancashire, UK, 2001.

10. Weibull, W,, A statistical theory of the strength of materials, Ingenitrvetenskapsakademiens
handlingar, Vol. 151, pp. 1-45, 1939.

11. Sears, G. R, Tyler, RF., Denzer, C. W., Shivers in newsprint: The role of shives in paper
web breaks, P. & P. Can., 66(7):T351-360, 23(1965).

12. Swinehart, D. E.,, and Broek, D., Tenacity, fracture mechanics, and unknown coater web
breals, Tappi J., 79(2):233-237(1995).

13. Hristopoulos, D. T., and Uesaka, T., Factors that control the tensile strength distribution in
paper, 2003 Int'l. Paper Physics Conf., Victoria, BC, Canada, pp. 5-17, 2003.

14. Adams, R. J., and Westlund, K. B., Off-line testing for newsprint runnability, 1982 Printing
and Graphic Art Conf., pp. 13-18, 1982.

15. Gregersen, . W., Hansen, A., Tufa, L. D., Helle, T.,, The influence of fiber shives on
calender cuts in newsprint, JPPS, 26(5):176-179(2000).

16. Hopkins, R. M., MacPerson, R., Morin, L. J., Analysis of the effects of centrifugal pulp
cleaners and pressure screens on newsprint runnability, P. & P. Can., 63(12):T563-570(1962).

17. MacMillan, F. A., Farrel, W. R, Booth, K. G., Shives in newsprint: Their detection,
measurement and effects on paper quality, P. & P. Can., 66(7):T361-369(1965).

18. Stephens, J. R., Pearson, A. J., The cleaning of eucalypt groundwood by the use of the 623
Bauer hydrocyclone, Appita 21(3):79-93(1967).

19. Laurila, P., Smook, G., Cutshall, K., Mardon, J., Shives - how they affect paper machine
runnability, P. & P. Can., 79(9):348-353(1978).

20. Hoglund, H., Johnsson, E. Tistad, G., Shives in mechanical pulp, Svensk Papperstidning
79(11):348-353(1978).

21. Moffat, J. M., Beath, L. R., Mihelich, W. G., Major factors governing newsprint strength, The
fundamental properties of paper related to its uses, Trans. 5th Fund. Res. Symp., (ed. F. Bolam), pp.
101-127, BPBMA, London, 1973.

22. Eriksson, I, Edbom, M, Grannd, A., Pettersson, L., Sundstrom, P., Boman, R., Westerlind, B.,
Fracture mechanics as a tool to predict runnability in press rooms, 6th Int'l conf. on new available

- 170 -



technologies, Stockholm, Sweden, 1-4 June 1999, pp. 351-361.

23. Hildén, K., Valkonen, M., Paper makes its break on the big screen, Pulp Pap. Eur.
2(3)14-16(1997).

24. Frye, K. G., Pressroom to mill feedback for problem solving and product development, Proc.
Tappi Papermakers Conf., pp. 589-601, 1994.

25. King, D. L., Web breaks tests at the IFRA institute, Newspaper techniques, Mars, 1972,

26. Gregersen, @. W., On the assessment of effective paper web strength, PhD Thesis NTNU,
Trondheim, Norway, 1998.

27. Griffith, A. A., The theory of rupture, Proc. 1st Int’l Conf. Applied Mechanics, Delft, pp.
55-63, 1924.

28. Cotterel, B., and Reddel, J. K., The essential work of plane stress ductile fracture, Int’l J.
Fract., 13(3):276(1977).

29. Wellmar, P., Gregersen, &¥. W., Fellers, C., Prediction of crack growth initiation in paper
structures using J-integral criterion, Nordic Pulp and Paper Research J., 15(1):4-11(2000).

30. Fellers, C., Melander, J., Mohlin, U.-B., Predicting the effect of reinforcement pulp
characteristics in TMP papers for web breaks using fracture mechanics, Nordic Pulp and Paper Research
J., 16(4):257-260(2001).

31. Uesaka, T. Okaniwa, H., Murakami, K., Imamura, R., Tearing resistance of paper and its
characterisation, J. Tappi, 33(6):403-409(1979).(in Japanese).

32. Koskinen, T. Kosonen, M. Ebeling, K., The impact of paper defects on paper strength
requirements, The Science of Papermaking, Trans. 12th Fund. Res. Symp., (ed. C. F. Baker), pp.
1441-1465, The Pulp and Paper Fundamental Research Society, Lancashire, UK, 2001.

33. Seth, R. S, and Page, D. Fracture resistance: a failure criterion for paper, Tappi J.,
58(9):112-117(1975).

34. Astrbm, A., Nordsrom, A., Rost, T., Fellers, C., Fracture toughness as a pulp characterization
method for runnability assessment of paper, Products of papermaking, Trans. 10th Fund. Res. Symp., (ed.
C. F. Baker), pp. 807-823, Pira International, Surrey, UK, 1993.

35. Hiltunen, E., On the beating of reinforcement pulp, Ph. D. Thesis, Helsinki University of
Technology, 2003.

36. Shallhorn, P. M., Fracture Resistance - Theory and Experiment, JPPS, 20(4):J119-124(1994).

37. Seth, R. S. Optimizing reinforcement pulps by fracture toughness, Tappi ],
79(1):170-178(1996).

38. Karenlampi, P., Cichoraki, T., Alava, M, Pylkko, J., Paulapuro, H., A comparison of two test
methods for estimating the fracture energy of paper, Tappi J., 81(3):154-160(1998).

39. Steadman, R., Fellers, C., Solid Mechanics Advances in Paper Related Industries: Proceedings
of 1986 NSF Workshop, (eds. Perkins, R. W. Mark, R. E, and Thorpe, J. L.}, Dept. of Mech. &
Aerospace Eng., Syracuse University, Syracuse, NY, p.332, 1986.

40. Steadman, R., Fellers, C., Fracture toughness characterization of paper at different climates,
1987 Paper Physics Conf., pp. 173-176, 1987.

41. Swinehart, D., and Broek, D., Tenacity and fracture toughness of paper and board, JPPS,
21(11):J389-397(1995).

42, HZ 3 olAF, M{ SA mE Fojo =2FH, mx o8y A W3l KTAPPI, 35(3):
37-42(2003).

43. o)A &, BFE, nAMEe] Folul AE R HE, 2004 FAGTELRE=ES], 238- 246(2004).

- 171 -



