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ABSTRACT: The work aims to establish a regression equation for calculation of edge compressive strength and lateral
compressive strength of ordinary seven-layer corrugated board and X-PLY corrugated board. Firstly, the structural char-
acteristics of X-PLY corrugated board were analyzed, and the comparative tests of edgecompressive strength and lateral
compressive strength were carried out. Secondly, based onthe experimental data of stress-strain curve, the strength char-
acteristics and pressure law of BBB, BAB, BCA, X-PLY (BBB), X-PLY (BAB) and X-PLY (BCA) corrugated paper-
boardwerediscussed. Lastly, Regression analysis of test results was carried out with SPSS software. Because of the special
structure, the X-PLY corrugated board hada small difference in the compressive strength between the two directionscom-
pared withthe ordinary seven-layer corrugated board. The regression equation for the calculation of the edgewise com-
pressive strength and lateral compressive strength of the ordinary seven-layer corrugated board and X-PLY corrugat-
ed board was within 5%. The model has better fitting performance. This equation can provide a reference for the predic-
tion of the strength of X-PLY corrugated board and the paper forcorrugated board.
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Fig.1 Ordmary seven-layer corrugated board
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Tab.1 Quantityand RCT of base paper

o Ein/(g-em2) JEJE /mm 2 [0 PR RS8R /(KN -m ™) H85 18] B 3 /(KN -m)
j% 1
BBB BAB BCA BBB BAB BCA BBB BAB BCA BBB BAB BCA
(IS 110 110 190 0.15 0.15 027 1.159 1.159 1.765 1.098 1.098  1.193
HRaE 1 130 130 170 0.2 0.2 0.24 1.678 1.678 1.235 1.278 1.278  0.771
Je 4t 1 130 250 130 0.18 033  0.17 1.674 5.251 0.903 1.635 3.951  0.534
RHS4E2 130 170 130 022 023  0.17 1.803 2.588 0.89 1.327 2.082  0.532
e 4 2 110 230 170  0.17 0.3 0.22 1.098 4.992 1.156 0.856 3.628  0.814
HGRgE 3 130 130 130 0.2 0.2 0.16 1.678 1.678 0.718 1.278 1.278  0.476
i 110 110 230 0.15 0.15 0.3 1.159 1.159 2.852 1.098 1.098  1.876
e AH ) A 200 G - 2 R AR AT X-PLY 28 FU AT 4R BT R 4 LA [R)
2
Tab.2 Test data of ECT
“ R ) e 5
4la g T N i . N i
Hm WIE/(KN-m™)  BER/%  HISMHE/(KN-m)  RIE/KN-mY)  $25EE% HISE/(KN-m™)
5 Al 9.218 9.967 1.569 5.090
BBB —20.9 193.4
X-PLY %1 7.289 8.444 4.604 6.614
- A 16.012 16.561 5.033 9.531
BAB —-13.6 124.5
X-PLY %1 11.784 15.915 11.297 13.207
5 75 6.459 6.967 2.103 6.676
BCA A -19.2 135.7
X-PLY %1 5.221 6.591 4.958 7.052
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Fig.3 ECT stress-strain comparison curve
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Tab.3 Horizontal and longitudinal RCT of different
materials of cardboard

JEARER 5 BE/(KN-m! )

A -
" T 4% TR B4
15 74

il ) i ) i 4
B1 0.771 1.235 1.193 1.765
B2 0.532  0.890 0.793 1.192
B3 0.532 0.890 0.534 0.903
Cl1 0.532  0.890 0.534 0.903
C2 1.128 1.588 1.876 2.852

Al 0.814 1.156 0.476 0.718 1.876 2.852
A2 2152 2970 1.128 1.588 1.806  2.751
A3 1.876 2.852 1.128 1.588 1.876 2.852

Hm Al BCA L2 FOA 40N Y 1 R i 2 T LA SR
ZVSR

E =Ry +Ry; +Rsy + Ry + fgRy; + TRy + FARg, (5)

:T‘K:EFI: Rlls R3ls RSl, R7l’ R21’ R419 RGI%%U%
FLAS AR AR . Jeathdt 1, Jethdt 20 B8, S
40 1. HLEAE 20 AR 3 AORE ) 36 R 5 i
(kN/m); fa, o, fe HILERREL, 71010 1.59, 1.36,
1.40,

MG IZBR Y X-PLY( BCA )RS LB AU 2B
A P58 BE AT LAZRR N -

E =Ry +Ryy +Rs; + Ry + TRy + fARg (6)

:_Ct":':': Rll’ RS], R7], RZ], R61 ﬁ%uﬂgﬁt*}?é&y/ﬁ
AL, Jethgt 2, AL, G 1, 5K 3 1Y
BEIPRRSRE (KN/m); Rsx A TLBRARMRIC AR 1 1Y
AR (KN/m); fa, fs WL RE, 205000
1.59, 1.36,

P 558 B2 AT AR H

E=Ry +Ry; +Rs; + Ry + Ry (7

FH s Rar, Ra M ECHRAUH LA LR 2 AR [m] 24
JESREE (KN/m); Riz, Rsz, Ry 4350 FUAS A0HR THI 4K |
Jendk 2. BAUm A ERE (KN/m); fe ML
R, BN 1.40,

i 2 A E s i o B R B, AR 3] T A
L2 AR AR AT X-PLY AY B 40 AR 19 320 i 58 B 0]
FEsR R E, MR (5—7) HEAF A,
W3 4,

U AR AR 0 e 5 B 5 i 40 He i B2 B Sy 2k
K, P LA AR He i A R i B Y 2k [l 15
RERL N R

y=8+a X +aX% (8)

Kfr: x ATHZFERAC IR R B Z F; %2 AL
B3I AR Y B R R S B R BRI Z AN a0, ar, &
IEIEEY /¢



<42 - £, %% T FE

2019 4E 4 H

4

Tab.4 Comparison of measured ECT values and theoreti-
cal values of seven-layer corrugated board

ey ) s 548 3

PESR B /(KN-m™) N

fo= LR X-PLY B X-PLY %
ERER FUBS R FURR AR

I E e E W e W5 i
D1/BIC1A2 8.642 9.272 7.691 8.896 6.671 8.765
D2/B3C1A1 5.648 5.983 4.497 5.607 3.781 5.858
D3/B1C2A2 10.759 11.448 9.624 10.845 8.925 10.941
D4/B2C1A1 6.142 6.567 4.877 6.191 4.184 6.479
D5/B2C1A3 8.212 8.666 7.048 8.290 5.921 8.175
D6/B2C2A2 10.169 11.048 9.137 10.445 8.229 10.368
D7/B2C2A3 9.725 10.842 8.934 10.239 8.196 10.351
D8/B3C2A2 9.601 10.464 8.520 9.861 7.947 10.079
D9/B1C2A3 10.401 11.242 9.439 10.639 8.765 10.924
D10/3C1A2 7.702 8.288 6.596 7.912 5.848 7.903

B4 L SRR A A a B, 3@ 3T SPSS Ak ik AT
LM T 5B, 285 35 0 o3 i3 2ok v A Tk AR R A
FEZAEA AR, @ FIA RS R F R
(7] U5 7 R A S 3 PR 23 [l U5 O R T 22 0 i B RG: B6 245
5 F E 508 314.234, 351.819, 2052.520, P {H
0.000, WU E ., Kb ZonEIHAA L
AR, PR R e REOT-0 7 2 5 AR
5 H Y 3 e E R K05 0.986, 0.987, 0.998, Fi
R PLAERERCHL, MIE T RE A AR . A3 2 Tt
S AL 2 RO SR N X-PLY B FOABR 40 H i R
JE IV 5 B 1 2 X TR Bk

1) A BCA £ )2 L% 40 2 R o B2 i el )= 3
AR (i ):

Eyy =0.609+1.098(Ry, + Ry + Ry + Ry )+

itqj Rlls R3ls RSI, R71, R21, R41, Rélﬁj\%uﬂ‘j
FURF A I AL . Jeithdl 1, Jethgt 2, 4L, AN
4% 1. BNt 2. RN At 3 AR ) B R R B
(kN/m); fa, fs, fc MR FRE, 2510 1.59, 1.36
1 1.40,

2) X-PLY (BCA ) #YFUARACHR 21 & 5 B A =] 1
A

Ex_pryiy = —0.708+1.039(R;; + Ry, + Ry, +

R, ) +0.723(fgRy, + fARg)) (10)

AH: Ri, Rsi, Ry, Rai, Rer 2038 LS 40K
mat, Jeidt 2, H4C, RS 1. ALK 3
B IR SR (KN/m); Ra M FUEFACHRIERAE 1 (1)
MR ERAE (kN/m); fa, fs MR, 2504
1.59, 1.36,

3) X-PLY ( BCA ) ZY FLASACAR AN He 38 B ) [l
A ARX (X-PLY ] ).

Ex_prypy = —2:622+1.072(R), + Ry +Rgy +

Ry,)+0.908( f-R,;) (11)

A Rsr, Ra N ELARAUHR BUAS 48 2 AR M) 2R
JE5EE (KN/m); Ri2, Rsy, Ry 2354 FUAS 4CUHR T 4K
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AL, H 140,

P AT T A AT DUE Y 338 Y- 2 FOAR 4CH RN
X-PLY 7 FUAS AR 1 20 5% B AE AR R AR B b e+
FURRO AR, BULAS J7 Ia] 5 FR 45 77 1) AT R0 Al 1 )2 20
A FURS RN JE N i o B RS M, X 5 S PR B
AT

25 PR A A B A AR (8—10) 3
FATRIRME, A LR T, SR mZEAR
ML 5%, BT A r8 38 A -B )2 FOR 4R R X-PLY %
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Tab.5 Comparison of measured ECT values and calculated values of seven-layer corrugated board
R ) i 3
re 38 AL 2 PR AR AR X-PLY B RS 40HR X-PLY B RS 40HR
W, IRE ., e (E/ RS nye ., [
(kN'm™)  (kN-m™) (KN-m™) (KN-m™) (kN°'m™)  (kKN-m™)
D1 8.642 8.749 1.24 7.691 7.637 —0.70 6.671 6.652 —0.29
D2 5.648 5.192 4.68 4.497 4.650 3.44 3.781 3.891 2.92
D3 10.759 10.664 —0.88 9.624 9.662 0.39 8.925 8.848 —0.86
D4 6.142 6.197 0.89 4.877 4919 0.87 4.184 4.201 0.41
D5 8.212 7.911 —3.66 7.048 6.772 —3.91 5.921 6.019 1.66
D6 10.169 10.05 -1.17 9.137 9.011 —1.38 8.229 8.234 0.06
D7 9.725 9.826 1.04 8.934 8.797 —1.53 8.196 8.215 0.24
D8 9.601 9.768 1.74 8.520 8.742 2.61 7.947 7.924 —0.29
D9 10.401 10.437 0.35 9.439 9.447 0.09 8.765 8.830 0.74
D10 7.702 7.853 1.96 6.596 6.717 1.84 5.848 5.728 —2.06
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Tab.6 Verification of results: ECT of seven-layer corrugated board
I 0 548
=) Fe3m A 2 BB ARAR X-PLY R FLAS4EAR X-PLY R FLAS 40
ﬁ%@/ ﬁ%@/ 50, ﬁ%@/ ﬁﬁ@/ 50, ﬁ%@/ ﬁﬁ@/ 5
(kKN'm™)  (KN-m™H (KN-m~1) (KN-m~1) (kKN'm™)  (KN'-m™)
D11/B3C1A3 7.474 7.627 2.05 6.485 6.503 0.28 5.842 5.709 2.27
D12/B3C2A3 9.678 9.542 -1.41 8.531 8.528 —0.03 8.102 7.906 —2.42
D13/B1C1A3 8.618 8.522 —-1.11 7.284 7.423 1.91 6.524 6.634 1.67
D14/B2C1A2 8.101 8.137 0.45 7.246 6.986 -3.56 6.131 6.037 -1.52
D15/B1C1A1 6.689 6.808 1.78 5.421 5.570 2.75 4.758 4.815 1.21
12 12
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Fig.4 Formula verification of the ECT of BCA
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Fig.5 Formula verification of the ECT of X-PLY (BCA) sev-
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Fig.6 Formula verification of lateral compressive strength of
X-PLY (BCA)corrugated board
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