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1.1 Compression damage to conugated board boxes.
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1 . 2 Modern compression strength tester for
corrugated board packages.
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1.3 The stress distribution the edges of a corugated
board box under load.

RS A4EF ARl oo Wkt FAx)
St 71ek golut AZ JAEL 4FY1E U
3t9 F4E 9o

I ol oldE & Atk 239 2R
g golute] S 25 Folx AT Ewo)
U] dSYEE B F8TE goy
= QA 22 BEAEAE JRIUT 2
ARE HEFES A FEFE o] Alo)o)
FE 4FFA = Qo

Iy AGRZE ol 71E golur g
3 8AA w2 I AEAE JRT QT 2
23 ole $A4E TR 999 BL HA
(Bending Stiffness) & Weh| 3, E§ 1 wjFo)
F2 AALAEEEE o] T U

U7 wFe] Yasgoy AFL A 3% &
NE FR712 F3E 5 A JQ47) 7o &
A F4S AHEsE Bo] Foh(Christer Fellers
S} STFIo 98lM 159 FULE 717 237
717} g HAE)

Mckee®] 42 oA BCTe| Bending
Stiffness9} ECT kol ¥¥< ¥ HEXE 94

(76)

1.5 The load to failure as a function of the deformation
under load of a glued sealed conugated board box.
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1 . 4 Characteristic buckling out of the walls ot a box Asle ZWA 499 AR oy ¥ Z4A
when loaded to failure in a compression strength tester. Abole] HAZ tholola@ oz vl Aol
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1 .6 The properties of liner and comugated board which determine the stacking performance strenght, BCT, of a
corrugated board box.
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2 . 4 Test piece according to JIS - 0401.
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2 .5 Neck-down test piece cutter.

2.6 Neck-downtastpieoeaocadngmmeFPL-mgﬂlod.

2.7 Test piece according to FEFCO and other standards.
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AL YETo B AW EFEY WAL
ARG 49 A% WFEYG TA) FoEH
b Ak o] WL AW R g Fo
“CIRCULAR NECK - DOWN" wWolg £d
. (29 2.6)

EDGE FAILUREE: A|H9 ERE4 Iy
)=

(82)

& FPL neck-down HHH
Circular Neck-down ¥'H-< 1964\39) ol 39
FPL (YAHEQATF4)S John W, Koning Jr, o ¢
3 TAPPI =202 2/)=89om 1% R&s
ECTZE7} 340] He 9AHE d7idA g2
AT TRAES HFHOZ AMEHo g}
I3y o] W EAAY AW Ads)s A
LR 4A FREF A BRI/ ANAE
22 ARSEOAA ok T3y 2d9de ¥
AAF4a9 STFI 183 L&W7E o)$ 7hgsi
s A& AHAY/NE ALFeEN A
& FAUHEE Al g8 ANGE AR 7F
T UEE 5 A HAh

¢ ECSE EHol= |2 WHE

#HolAls FEFCO o] EDGE FAILURE
£ U¥ 7 YLox £y 9y AHEHT o
o, FEFCOY ¥Z No8< EDGE FAILUREZ}
FAYE 24498 /A2 Ao g3 9F
ZAE Aot Ty AE YEAEY $Y e
7t ERATY) 4IE J%S nidE AL
o2 dEA gt EddE 859 ByE
YHH 2 uf 9 ¥ SHAAE 7HALA HE
Z EY DATAS ¢4 B0 B2 AN ¥ ®
M9t g3te] FEuol 283 Hegsitid £al
7S F oy o e AFE Az
BEH ol ZFh

AR HPAo] M-S ECSEE £t
U AlHd] did B sEAE dReAE
23k & o] Wi A EDGE FAILURE &4
€ H3le AL /A
299 EHATYI A A7 vlo] 95}
AR YPA) HAE 0lmmo)FIE 57
g4 oAt AR HIHAE &
ol AlH Eo)9) 05 - 1% FEFCOY w2
AR Eo)7} 5mm (Y 27)°)22 HY 01
- 02mmAE N} R IHA A Eoby g}

TAPPI W9 4ZAIHL o|3te] 2ufo|t}

e 8

'EDGE B349) B3 2= 2 93 o
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371 YaAME AEe FddM e LA}
o] 7t8l A¥¢ dg) 001 - 002mmle] ojok
g},

A# o|Ro] 7hFditt e UMY F
olg} Mt FAAS} o7 H3po] Agt
ARGNA AR S g3 &4 g
N A G BES A B

g 2.8 FEFCO°1]"1 ‘5??} AZE FEFCO
9 7% AUy (Nicg, 1987)91A] BE 3 A0 2 o
#7712 Wl 93 ECS9 ¥ 74 7ot

19 2. 9% TAPPI Ad (1986) o AHH A
oln} 15 kN/m 7}A+& TAPPI W8 3} neck-down
dhgo] Hl&3 AHE HolAT I o4y X
X TAPPI W2l 23 WAXS Al#o)
Z‘Eﬂ t] o]4 EDGE FAILUREE To}5z] £
3 @& £x8 dA dvke A& HAEd o
EE Neck-down¥ 9 ZHE BH3| UehlF
Atk

2 . 8 Comparison between different ECT test methods.

AAE

19 2 10& STFIfA 3 FEFCO Wiz
FPL¥ e Aol HoJFE Circular neck-
down ¥4¢] &3 EDGE FAILUREE 33
FPL ¥§lo] FEFCO 4ol 9% DATART ¥
#31% B & #%& JYEhdd (C - Flute
Grade)

X

FEFCO W4 93 S4sE DATAE A¥
o] ygd wet A FFE
A7 E AHEste] Alm9 vﬂ**oﬂ 2%
= A€ WA 98 Billerud cutter7} AHE-H
AT FPL 48] gagle] o AT ol
Aol JAS® A7) fEolW FEFCO
Aol grad wg A 2 GER mﬁ
é«l Aol 2 A3 FAZE DATAS Aolof v
s 18 4% R oprh

E% FEFCO AN AHY o7t 2&s
& JU5o2 & DATAY SAE Bt

FPL $4& AHEde 718 588 %%
e o] Wo] SCT W< AHdhe #old
A 8 FAAY FFAE FHd AH-Se SCT

o i 3L -}N g
r

_ldo?i

13
124
1
10+
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2 . 9 Comparison between TAPPl and FPL neck-down methods.

L

14
12
10

ECT KN/m(95% Comfidence intervais)

O N A O

594 681 701 342 1130 421 1131 741 746 132 87N

I FrL circuler neck-down

2 .10 Comparison between FEFCO and FPL neck-down methods.

KN/m

GRADE 2 GRADE 4

FEFCO test pieces Bl ~FL circular neck-down test pieces
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(STFI SAYLEE ¢34 Uth) SAYE=

H&aithe RAolt), o] ECTE FRA +4

AEY YFUEE olgdtd AN 5 e

AL ouigitt. ol AN ke 19 A,
A8 FAE F& o

+ aFy) .21

1

ECT = k (Fu + Fu

Hgol FRHANAY BCT 7T FRNA
BCTAs}e] d&o] A AA7ERAIE Y # 40
T B33y HAAZ X133 FEFCOWAAY
Ao A dojuAE deth

el Folx BOX A7)¢] wid BCT #Y
Bt AFS AL FPL Wle] 2AE o 7o)
==

ez E
ECTZE= 29 7P} 388 44%F v
TRA e AAFH e 2 A%
A ARt mAN sHsEE A

2 S4HF ?‘SPXI“ e A7 g
Qh‘sﬂ OE HSE 43 ik
8 AUEE FEF At
AF ECS 2AHML 714 2
5 o,

N9, 2uAs TAA G ol
A®, $AHA g AB9) RYYY 3

BURE AR M 347159 3
ECTZE7 A gol UQES ¢

o
_Li_.

gl,

X

o

Measurement of the edgewise compressive strength of comugated board as per the

neck-down method.

2 .11 Squre test pieces are cut with a pneumatic double blade cutter.

2 .12 A special cutting apparatus is used to give the test piece its characteristic waist.
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2 .13 The test piece is placed verfically with the help
of two loose metal blocks between the plates of the
crush resistance tester.

2 . 14 The advantage of the method is that
compression failure never occurs in the edge surfaces.

AHEEE IYETE AMEEEAAY oJAL whR
Z Q8 o g o] AL ol AAEHG
¥ ECT Z%E YeiA 9.

ol ZAuiwo] ALZ £ ECSES v
WeZte %rhske o WS 38Xy #48
259 YEALR ARG o) AAR ZAY
#E depg F S98 T 8 Aojtk oA
o] ¥ AF= TAPPIJA WAXE o) &8 u
W3 neck-down WAl HzEd 1 AFde
neck-down ¥4 o] TAPPI WH]of vls] A 94

(86)

8 YFEENA AT ko] AASAY P&
Hte A& BAF)h (Boxboard Container,
Nov, 1986, FPL)

o714 o]Bojyoix= HEL CIRCULAR
NECK DOWN 4]0 g & d 5o njg] 2 E
HoA] Hsjct= Aot

H 3=

ZHX[2 (BENDING STIFFNESS) £H

¢ BENDING STIFFNESSS A<9l(0|s} B.S
AM2)

BSE HEWE (bending moment) & B4
91 XY 3 Aol FAZ HH)

TUAE 19 31 w2t s Ee o] 1Y
< 7% ¥ bendinge YERi® 474 M2
bending moment®] Y R& ¥ bendingd] ¥t o)r},
AR Zgste AdFol glotd AA Fold
Z&-3t= bending momente YA E Aotk £F
g Aol AAYo) L3y LES W= ¢
Z9go] &3k

3.1 Pure bending of cormugated board.

ZHA Azlold BSE &2 F4& #4377
A% 7Y L% 4AF 2 A Qi 1
AN AFE 2 BSE THAGAS BCTH
9 FuA%e BAE HEPlE McKeedl 34
o ¥§ 0] Utk McKeed) 34 & 0|43 BCT

RS AAgse A7AAE AY HgeR

319 BCT ZEE 24¥ + JdE BSY 2
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ZTHA Y BSY F8AL AANYBS/H 8
A9 FA oWzt FHe glolyxFe] o
2 GEATd AL Ue Yol w2t AY ¢A
A AAEY FHAY T4 £ ZHLA Y H
#Z3 TYPES we} IA wal7] gFojtk BSE
T3 BOXY &80l BAA AW WA
A7F Fe A& BAsEd oA Fa3T o
H L F/A AR A UL 9
A B A s 428 F 3E
A3 AAA T BSE ¥4 &= IAY
BAGAE AFs=H SloME FRsThA
3} AN gy HPEROR XTI
ZEAE o7 A,

rlo ot til o @

o

¢ HME2[0Me| BS BN

BSE Z#x|9 A9 g8 A F$HEZ
A&2Q BSY &AL 7tgAFM Y a3
F4 Aol REFeR wed Y =
ZUAY dybaed FA Ao E WA o
HE gFol JdF £4EAE BSE A%
A 4A & g den e dAEE AE
ERE 7Agole ¥l He REr ¥R
=
of ¥ thgs} 7o) FWA9 BSI} tha
de3E P2 BAE & ke Mo IAE
Fx glth

¥ o

Sb =~ 05 X D. X T2
D = go]}e] Tensile Stiffness
T = Z8A #4

.. [31]

o] 4o FAIL AFol H7 HE e
F74 W37t BsAAe & ¥skE vEd ¢
At 7HEHAHANA FFelz FAC HEt A
4 g Ao dwigoes A9 FAZ EdH
71 e FRA AEHE FA A7 &
g2 1 HMEE AT oJHh

BSEFANA ZHAE S Fese 4F
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3 .-2 Different loading cases in the bending of
cormugated board.

N
N
S : . Sp=F-£135
;
§
- ! Sp=F-1'148
w i, "=
17; 4 f‘ Sp=Fl, 131165

¢ BENDING STIFFNESSS| &X

BSE A3 FA37 9% Wy 27%H
dgst ZAE 7 YA 2-point, 3- point,
4-point?] 3tFE F& o] AHEH gk

2-point®} 3-point WH-E BHAA AP 9
& 44 332 7 Jdou FHA7L oA §
ot A7le AGEHOE s F4EF gl £ 9
olet 2HE JHARTh uiFAHEA ¥ AUy
< A9 FRA AAHY FEIT FEE
A3 AH-E g Qe W2 4-point W #olh

¢ 3-point@} 4-point EHHTHO| H|1
19 332 3-point WHo] AW Zolo] FA
gEFTE RS HAFH 53 MD €A
o] X Ed Z#E Uehith o] WYog A

APdA 71 NEE AHEste A2 vl B

s,

6+
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3 . 3 The bending stifiness as a function of different
tast lengths for 3-point and 4-point loading.

Nm MD 4-point
x MD 3-point
Em CD 4-point
E ‘1 CD 3-point
&
0 S — _
0 100 200 300 400 50 600 Bendnglenghinmm

¢ Z0X| o)A BS TESTER

STFI$} ¥l Lorentzen & Wettrel: E4
3] ZHAL0Z JNFH 4-point bending stiffness
testerE 7t o] HHEE Ao RE &5
BSE £A5}7] gie] o] ASTM D 10989]
IE2F 3-POINT wyel vjs] A43d #He 7t
AL Aot AR 5§ o5 FPY AAE Al
SHoEN X AEY BHBLVTY EAE
ERHoE AAY & A Fo=H A R
YElFoly HEyg WPeE BSE wEFHoZ
Z3% & Utk 3 AFEEH FF2 8GN
MAH g AAENY SR A AY
FEE gHEo] Hoh

FB2) 9 ZEEo] thekdt i) gl A A7+
o 3z 3 oAGA FopAEAE HTFH &
dHAA ot 1HY dFHE Tl 2
#A 9 FEL 3FH Az 2 7)Y Al
of Y& werE AL gEA g

Wrizdoel e 9 58 B e FUAY
ASAEE 3150] 1S WET 3A FoEn)

ol Fo] BSE FHA A9 J5e AAE
T e F83% 240y qriA) tﬂ?l*&EM
A %Z*ZM 35S S we BSY HIE
Fahe A W713e e wsle) ge EWMM
R °l~ctﬂ £& ZEE AFHES A4
2.8 350 JRIAYEA thr1R0] Wgste A
ZolA ZRAGAY FAEARY FIgE F= F

(88)

S 2HAY 4] o] WHE T gA A7
47 A3 € F A

¢ Qo
Z%A 2] BENDING STIFFNESSYE X3 A
A F28 429 BCT #E &9F7] SeiMe
o F4¢ JdZolct A& BSY 4L 3

This is how to measure the bending
stifiness of corrugated board.

3 .4 A modem 4-point bending stiffness tester for
cormugated board-a 100mm wide test piece is placed in
the tester.

rr2 r72

2
€ P/2:0,13-L
D-—;—-' - —————-——‘_"'.- (Nm)

D = Bending stiffness in Nm
P2 =Bend|ngforceinN
L = Bending length {m)
y =Dlsplaoermm'()
w = Wiith of testpiece (m)

3 . 5 The principles of the 4-point loading technology-
the test piece is loaded statically with weights.

OEFLECTION
- ¥
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THA FAYG ol TENSILE
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£
30

UJ%OPS Short-span Compression Test(SCT) 4t
ol o) H2AM EHE £ A HAk SCT
P SHLYE o HFA Y LT |
JMNE AFHEE FH3t=d w2A B9
oo gola| st FAAUYM B ofyel FHA)
2 FHA AANME AAF YA #HFYY
A AEAEE HAS 18Ed AAEY
o 2j7kx o] SAHUH S AHEEE sia)

¢ SCT 9o 2 5z %‘?-’é*ﬂl e
SCT Wie] W& oy ¢ F 2
T FHNA AHL 07mme) 7%1 72+ Q=

T SR Aloo] QAT T FHE}
MEE 3 FFole FU Fole FoEBA
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3.5 The short span tester.

P A ansorayin mem

¢ SCTY CI2 YEUT XUl vl
gro] x| ‘3—! %QXM USHEE A o
3 AT PHES 54 EHY 43S 19
317 %H&E B EAZAY fAd AlHe 2
71 2 AHEY] v del FAX7 3A ¥
< o dREY wHHelA 05 63F (127
152mm) ] A|Ho] AR F£AMFORT g

HE FE2 025 UA (635mm)o)
Mo Ha3 S Y o
ool ¢F7Est gk BE
THOE ALee @A oy
FT ZXY 71883 Beolt,

Cursh Linear Test(CLT) H&

—_—

'IH AojA]
ZAs &

Awe xAH

_v,
>
fe HY
lo

rlo rir

ofi

Concora Liner

4.3 The CLT method.

Test W2

A48 AR &
RCT(ring crush test) W&
122 FAl Yol AHE FE ,
A9 gole AFNY FA ARIEE ).
CCT (corrugated crush test)®+ Concora
Corrugated TestFH2 WA AHE AP F

(89)
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4 . 4 The RCT method.

4.5 The CCT method.

olgg A7t S g fAAL: WY 5
o g rEolHY 1 E& L2 dendemness ratio¥
Zo]Z Ho 93 =49 LFE Y= R

¢ AHo SIFEo] FYLE YHYHA #o8
ER 4 71EAE (edge) REAM A28 F
(crushing) ©] dold 4 e

o =AW AW 2N A HY T
S gon 2R3 Wysx 23 AL 2o
YARE JFET

(90)

A3 g A

297149 97

olgjgt B- Y% CLT ¥I'E-& dendemess ratio
£ REASA A A AUE I FHAS
RCT ¥ & Thd & RING Rokel BHEEGA
CRUSHING®] #AjgtttEs otk CCT 2A A
= Aol A8A¢ CORRUGATORMM A
= 59 €3 MOULDINGY| 98 4&7%7}
Qg Wwor T4 mAgA ENgA

&
3
f%
_\,L
e
2
i
K

o

o YEBEE FYOE VU FHe A
£ Jeblith

RCTY CLTE 13% gog AFE 2L

UelU o] oA AFIAME Aol Fojxd

< A& ovlgt CCT e 0 g
AAYl #YE S PR SCTRE 60%
Ao AYA G, oy d Hole
CORRUGATOR%IA Z%7} BojAly) qgog
248 5 U

4 . 6 The compression index as a function of the
grammage for the SCT, CCT, RCT and CLT tests.

40 r
Z°F sm —J
E Compression Strength Tester
E)é( {short free span)

E 20’—
k- ocT ~
2
é 104 RCT ]
8
ar
OD 1(‘)0 2(;0 300
Grammage(g/m?)
¢ Qo
- SCT WWe JEE YE £ YSPEE
S ki
- SCT "2 wWE=3 47 Lorentzen & Wettre
o o3 Aud FR7 3 4A FHE
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AAR

F Stk

- SCT ¥ 53 IHAY ECTHEE AN
T Utk

- SCT W& ©Agle] CLT, RCT, CCT ¥<S
A & Aot

o Hjb3Al
ECTHET goluvst #4419 47359 &
Aoz FE AE F gk o] ANy FFggL
A&7 AT FRALGEY ECTHEY

AEro mpEr}

ECT=kX(ZX SCT.+a - SCTr) . [41]
k =4, e= EZF& (Takeuwp factor)

oJEF O q7loA k FE FH 277 U

T golvst FHAS FUF &Y - W (stress-
strain) #Ao] wel g oln F4HRA Y HFFE
7t 2%/ (corrugation) AN Fo1EA] ¥en
A 19 #e den

o]& olFAR] A YA E A A
2]7} dt} Bilerud (STORA group)s= T3 7+
< BANEZ Bojle Y FHAHY AT7E
Ak

ECT =045(SCTu+a SCTr+SCTw) +1.73 ... [4.2]
ECT =046(SCTu+a CCTr+SCTiz) +212 ... [43]

SCT= WAe] o8 T2 QuEa wysio
Ao E verdF Stk

RCT =120% SCTeo-97 ... [a4)
T U

RCT= 95X SCTwo (N) ... [45]
CCT=079% SCTw+0.1 ... [46]
TE U

CCT =08% SCTew(kN/m) .. [47]
CMT $} SCT & #A4d &) &g Yehd =
At

CMT=SCTw X 60(N) .. (48]

H| 5%

2joj{e} Z4IX|S| TENSILE STIFFNESS
X
- o

& TENSILE STIFFNESS2| X2
1% 51004 Fol9 & 3 WM (force/strain)

This is how the compression strength of liner and fluting is measured.

4 .7 A 15mm wide sample is punched from a sheet.

4 . 8 The test piece is placed between the jaws of the
compression strenght tester. The whole test takes only a
few seconds.
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THE 4¥EA
UA 59 olgfolA EF-L Hooke s ¥
HEW Fo|zl 2o HHAM AFFHOE 5o
YA &L
7l A vFdsrE dAAS (E) S g
o=EXe ...[51]
o=358, e=HyL

e FA (t) & F3A oxt = Stxe &
A Hed 9719A St=Ext 7} TENSILE
STIFFNESS©| o},

%ol Tensle stiffnesse Thy 9 Hd#t
o2 Hodn.

St=1/b-. dF / de

St=tensile stiffness F=force

b=sample width &= Al/l1=strain

J¥Y 5. 19 FA2 dAE 718718 7L 9
A} GAT FAY 27REL A sHteE A
£ 4 F Utk o] FEL AR AFA] A3,

¢ ZIX| BSY FMRARAMO Tensile
stiffness®] =M
18 3. 18 1YW F3A 9 bending moment”}
e g o upgzdes YA AFBHAE 4F
go] #A43l= AL ¢ § Utk CD Wgoz
BENDING©| #A&3l= Fetde S4AdE &
go] 7isjAch BCTY) £ 9%E 5+ Bending

5 . 1 Characteristic stress/strain curves of paper.

60=4
MDTension

CD Tension

CD Compression

3
]

T
2.
Strain, %

(92)

stiffness7t 'd2] A4S|WA Bending stiffnessol
2 YRS FE tensle stiffnest FLF Q4T
AAHA Hoh :

e ol g FAAE O tengle stiffness
#E IAEE @A MYA tensle stiffnestE &
A= o| Aok gt

¢ Tensile stiffness testing

71E9 AART EFHI|Z tensle stiffnessS
R W AZe| 28 Ay Bsio
PYE s 9F g gon 33
AgAge wel 2ok JY 5. 39 2
A7)e vo]3E2 HFHI AR #a
T AFE) AYEA tensle stiffnessE AR F
Rom ARRE, 4, AR Fiohe
AR, FolAd ] U 7AE SH3i,

P 4

<]

5.3 Tensile strenght tester.

* Q2

gtoj X 8} F4A) 8] 73t tensile stiffnesst F
BA S FASY A FL bending stiffnessE A7)
g 232 HoFH 8ot FHA
bending stiffness= 2} X&) tensile stiffnessol]
A vl CD W dojAs F4HAY
tensile stiffness$t T2|3 FA 9] AFH ula gt
JHEZ tensle stiffnesse YA & A g 9lo]
A I Hojol e FOIF FA SieH

_ Lorentzen & Wettred] QAHZE EA7)9] s

474 F3H9492 + Ao,
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