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“Compression Strength of Corrugated Box” (3)
— Predicting Equation of Compressive Strength for Wrap-around Corrugated Box —

Yoichi KAWABATA

The predicting equation for the compression strength of wrap-around type containers is stu-
died in this paper. The problem of Maltenfort's equation for that is pointed out. Namely, flat wrap-
around type containers are usally used in the market but those size are out of dimension in the
Maltenfort’s equation. The modification for the Maltenfort's equation is introduced to climinate
this problem.

The problem of Sasazaki's equation is also pointed out. Namely, the compression strength of
wrap-around type containers is obtained by multiplying the exponential function to that of regular
slotted containers. For this, complex calculation is required.

The more precise and simpler predicting equation for that is proposed.

Keywords | Wrap-around corrugated box, Perimeter, Compression strength, Predicting equation,
Maltenfort’s equation. Regular slotted container, End flap, Ring crush value, McKee's
equation, Kellicutt-McKee-Kawabata's equation
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(Fig. 1) Schematic diagram of
wrap-around type containers

(Table-1) 6. G. Ualteafort's Compressicn Strength Equalion
for wrap around container Z w= (2L+2D)

| Digengional Limits | Flute Eavalion
m|] eL+aw <52ia. All 9.57 Pa YBZur (1 +W/L)
¥ 210in
2| (@L+2w) 252in. A 3.93 Po Bl (1-+W/L)
& ¥ >10in. [ 4.46 P YRZLe (14+W/L)
B 4.8 Po VRl CAWAD)
@ 2L+ <52ia, A 3.26 Pu YRluwr(14+W/L)
§ W <|0io. c 3.70 Pa YRLG(14WL)
8 4.00 P. VRZw(1+WL)
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R. C. McKee D JEHME i S #EN (D DR E
5.87

$=5.87 P, h%-* 2°® (D

S I BFA-NVFEOEMHHRES (Ib)

P.: = K799y afE (Ibs/in)
h (BER—VOES (in)
Z FOFME 2(L+W)  (in)
L foRSTiE (in)
W @ Ok (in)
D : HOFERETE (in)

¢ Table-2 DEROFEEOLERKD B L.
Table-3 758 5 #, R. C. McKee D7 % 5.87
M 0.555~0.821 I L T b, D

(Table-2) Another notation of Malienfort's equalion

for wrap-around container

imensional Limils | Flute

— Equation
)| (W+D) <2Bin. A1l

3.57 Pa YT ZQUAD/VE)

& D 210in
@] (W+D) 2286in. 3.93 Pa VB ZU+DAW)
D >10in. 4.46 P. /B ZA4D /W)

4.82 Pa YR ZU+DAZW)
3.26 Pa YR Z(1+D/W)
3.70 Pu VR Z(14+D /W)
4.00 Pa YR ZO+D/W)

3] (W+D) <26ia.
&D <I0in.

o Ok o>

Z=2(L+W)

(Table-3) G. 6. Maltenfort’s Constants
v.s. R.C.McKee' s Constants

Flute - Ralio of copstant—

(1 All 8.57/5.87=0. 608 (1+D /W)
2 A 8.93/5.87=0. 670 A+D/W)

c 4. 46/5.87=0. 760 (1+D /W)

B 4.82/5.87=0. 821 1+D/W)

3 A 3.26/5. 87=0.555 (1+D/W)

C 3.70/5. 87=0. 630 A+D/W)

B 4.00/5. 87=0. 681 a+Db/wW)
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Yaltenfort's Coapression Strength Equation for wrap arourd cocntainer

P« : Compression Strength (WA) (1b)
Pe = K Po vIZ+2/W | P . : Bdge Crush Value (15/in), X : Constant
2 : Perigoter (in), T : Depth of Box (in)

L : Lemgth of Box (in). h : Thicksess of sheet(in}
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Fig. 2 : Dimensional Limits of
Maltenfort (WA) Comoression Strength Zauation.
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5, Sw = kS
k= (L+2F)/(L+W) = [L/L+W)]
+[2F/(L+W)] (2)

Se: WA BEE—VEOEMmBE (Ib)

(Table-4) Compression Strength for wrap around container (1b)

ey T ey WOOnn‘rC/mﬂnn“cf‘zmnn“B/Z’lﬁun‘
No | Digension | Z | F/W +1[Act. Est. |Act. Est. | Act. Est. | Acl. Est.
- —K —

1]12x10x10| 44 |1.5000| 969 1072 | 878 924 | 1215 1280 | 1158 1050
3| 12x12x10( 48 | 1.4166) 1026 1058 | 1026 91 | 1236 1213 | 1186 1036
4| 16x12x10( 56 |1.4186 ) 1121 1142 | $68 9841277 1311|1142 1119
$[20x12x10( &4 |1.4186)1097 1221 | 977 1052|1271 3401 | 1188 1166
S|16x16X10| 64 |1.3125(1134 11321041 9751287 1288|1186 1108
10| 20x16x10) 72 | 1.8125) 1192 1200 | $B2 1034|1362 1877|1192 1176
11]12x12x12| 48 | 1.5000 ( 1101 1120 | 1145 965 | 1230 1285 | 1251 1097
18 [ 16X16Xx 14| 64 | 1.4375| 1342 1239 | 1299 1068 | 1689 1422 1620 1214
19]20x16x14| 72 |1.4375| 1340 1315 | 1172 1133|1541 1508 | 1388 1288
24| 20%20x14| 80 |1.3500 | 1417 1301 | 1187 1121 | 1612 1493|1533 1276
A/200 ——C/200 ——L/215 ——h/215 —
0.203 ' 0.163°'*  0.182 't 0.197 '*
52 Ib. 50 1b. 63 1b. 62 1b.

Conbined Board Data (h) Cal.
CP.)

D 0201 R — VFEDEMRE  (Ib)
D R
THEOESTE (in)
: fomiE (in)
F:xzvF75v70Mm (in)
(23T, WA BRDER— VEEDFES
L =2W &6,
£ = (2/3)[1+ (F/W)]x1.1754*
Sy = 5.87X(2/3) [1+ (F/W)]X1.1754*
X [Puvh XvVZ1]
=4.6[(F/W)+1] [PuvEXvZ] (3)
*HIERE
Sw: W A BBFR—LVAEDIEMRE (b)
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F:xyF7Fy 7o  (in)
Po: LY FZ7F v afl (Ibs/in)
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P, = (16/25) [(F/W) +1] P (4)
Po: W. A BR— VDTSR S (kgf)

P :0201 B&:K— VEEDEHER X (kef)
W #ommtE (em)
F:x F759 701 (cm)
= DRI Kellicutt-McKee-Kawabata 3.2
P = (5/8)Rx[(L+W)h]'? (5)
P : 0201 BXK— VEOIEME X (kef)
Rx: 8BV 725 v ¥ 2B kgl/6in)
L :foORE&T# (em)
W ot (cm)
h DBR—=Vo— PDEE (cm)
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Py = (2/5)Rx[(F/W)+1] [(L+W)h]"?
(6)
Pu: W. A BOR— VDO EHEE & (kef)
Rx: &) ¥ 725 v T 2{H (kgl/6in)
F:ZTYF75 700 (cm)
L #OEETE (em)
W FomTE (em)
h BR—-Vy—FDEE (cm)
(63 & AV THERE L 7B & EHI L /-l % s
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R— VHDOERER S K-M-K #EER O EE

(Table-5) Compression Strengih for wrap around container (kgf)

(Pv ) K-K-X Eq. —
Dimension | Pw | Rx(2/5)((F/M+1) [(L4+Mh]*/?

—1tL —¥% —0 100 Py /(P » ) —
1[50x40x30 (324 | 326.15 89.34
2150x40x25 | 311 311.33 99.89
3|50x40%20 | 305 | 296.50 102.87
4]50%30%x25(304 | 316.82 95.95
§]150x30%20} 303 | 298.18 101.62
6150x20%20| 305 | 313.79 97.20
T]150x20x15 {303 | 287.64 105. 34
B 40x30%x25| 281 296. 36 98.19
9]40%x30%20 | 289 | 278.92 103.61
10| 40%x20%20 | 261 | 290.51 89.84
11]40x20x15 (260 | 266.30 97.63
12302020 | 254 | 265.20 95.78
13| 30x20x15) 208 | 243.10 85.56

R: 88.4
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w =Rx (2/5) [(F/M+1]{(L+N)h])* 72
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P, = P(3/5) (8/5) %% (8)

Py W. A BF— VO FEMHER S (kgf)

P 0201 Bt — W OEMTE X (kef)
F:xyF739 70 (cm)
W #omTE (em)
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(Table-6) Compression Stremgth for wrap around container (kgf)

(P ) RENGO Bq.
Dimension | Pw | P(3/5)(8/5)* "™
L —Y —D 100 Py /(P w ) A
1]50x40x%30 | 324 318.6 101.69
2| 50x40%25 311 301.2 103. 25
3| 50x40x20 | 305 283.3 107.66
4| 50x30%x25 | 304 318.2 95. 54
5| 50x30x20 | 303 295.1 102. 68
6| 50x20x20 | 305 329.3 92.62
T]50x20x15 ] 303 292.8 103. 48
8 40x30%x25( 291 304.0 95.72
9140x30x20|289 | 282.0 102.48
10| 40X 20%20 | 261 313.0 83.39
11] 40x20%15{ 260 278.3 93. 42
12| 30x20x20 | 254 294.7 86.19
13130x20%x15]208 | 262.0 79.39
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Pw =P (3/5) % (8/5)2""
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i-M-% Equation for wrap around contsiver
F : %idth of Eadilap (cad

[P. = Re (/B){CFAD+LI((L4ON]I2 I W : Width of 3ox (cg)
L : Leagth of Box (ca)
h : Thickcess cf sheet(ca)

P, : Compression Streag:h (WA) (xgf)
Rx : Totel risg crush valve (kgf/15.24 *>)
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Fig. 6 : Oimensional Limits of
K-M-K (WA) Compression Strength Equation.

W. A TEROB KR — VO EHR SHEEL
PI-FHROEGEL. £ O TEHE G
Fig. 7R T &) ICHEAHB %KY T 5,
FlRELZ WA BROEBE—-LVEDE
faoh S eSO BATEEARKIE Fig. 7 &
BIZFEMTH 5,

8. bW

W. A JER DB R — VE O [Ef#R S JEER
122V T, G.G. Maltenfort DIffER Z KB
L CH 72 B SR B % I F 7= FE Moh & e
ERAHSMES, T, MM % 0201 2
ROBK—-VHOBE 2 EMME S EERD
Kellicutt-McKee-Kawabata 3\, & ffi o T, W.
ABRKOBEFR- VOISR S (P,) &
ETAHREEEHLL,

P, = (2/5)Rx [(F/W) +1][(L+W)n]'?

(6)

RENGO Equation for wrap around contaiger

P« : Compressica Streagth (RA) {kgl)
l P. =P /5.8 l P : Coppression Strength (0201 (kgf)
F : ®idth of Eadflas {(ce)

¥ : Width of Bax {co)

a N
|
° |
e
-
H
!
G a|—oav zav 2w = =
~ P = PxC.95 o b
5 q\"o‘*"
@ e |
- T \ -
< ®
£.
Ik —
[~
’
-
) l
-
beeeew  2fmE D/ 0 P, w PxC.60
- ! d ) ! h A
o 1e 20 3¢ 40 s¢ &0 70

w

Width of Box (cm)

Fig. T : Dimensiona! Limits of
RENGO (WA) Compression Strength Equation.



B — N EOERM S (3)

Rx = P, (5/2)/[(F/W)+1] [(L+W)n]'2  2)
(7)
FrRBGEgTszoXL ARk 3)
BLTHEREIIRSTHLIEHELEH L.
WA FBROBEF—VEOLELREMHE S 4)
(P) 6, A4+ OBRROL-OOKEY ~
25y vafi Ry) OB IERT, @F
Dy F-DHHBEETHL, MBIZFHET  5)
EAHHL BT A,

BRZICAMERVREROBE 5 2 TH
Ly IT-BRAESHICIR BB 5,

< 5| A3k >

1) Nm¥E—, BALEESKE, 61Q), 19
(1997)

NsE—, BARLEFRE 6 (1), 24
(1997)

G. G. Maltenfort, Boxboard Containers, 83,
(4), 24(1985)

REHER, “DERMER" (AFRLER
Wi . B ABEHEMIBS, p.2166
(1995)

K. Q. Kellicutt, E. F. Landt, “Basic Design
Data for the Use of Fiberboard in Ship-
ping Containers” (No. D1911) , United
States Department of Agriculture Forest
Service Forest Products Laboratory,
Nov., (1951)

(FRESef+ 1997 4£9 A 29 H)
(FEEZH19984E3 A 5H)



