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SUMMARY

I. Title

Standardization and Computer Programing of Safety Factors of Corrugated

Fiberboard Containers for Selected Agricultural Products

II. Objectives

The aim of this study was to develop a standard and software to estimate safety
factors of corrugated fiberboard containers used for agricultural products. For
two years, in depth study about domestic distribution channels of the products,
hygrological behavior and accelerated creep of packaging materials as well as
structural and strength characteristics of containers were conducted for domestic
fruits and produces such as apple, mandarin orange, grape, tomato, chinese

cabbage, and cucumber.

M. Research areas and limitations

1. Field research on distribution environment and current corrugated fiberboard

containers for agricultural products

Distribution environment and current corrugated fiberboard containers for selected
agricultural products were studied. Detail data about distribution process such as
humidity and temperature during distribution, road conditions, and about
packaging such as packing methods, materials, sizes, compressive strength and

structural design of boxes were obtained.



2. Factors affecting on compressive strength of boxes and its safety factors

Corrugated boards and liners used for agricultural products were commonly
treated with coating, lamination, and so on. Therefore, various treatment factors
were also considered for safety factor calculation. Packaging structures, moisture

contents, relative humidity and type of products were also considered.

3. Effects of cyclic humidity

During distribution process, ambient relative humidity fluctuations must be
avoided, but could happen decreasing compressive strength of boxes. Based on
field data from distribution study, effects of cyclic humidity through accelerated

creep research were revealed and used to adjust safety factor calculation.

4. Software development to calculate compressive strength and safety factor of

domestic corrugated fiberboard containers

Compressive strength is the basic features that determine the performance of a
corrugated fiberboard containers for agricultural products and affected by
distribution  environment, product nature and = structural characteristics.
Considering this aspect, we developed a program to expect compressive strength
and safety factor of corrugated fiberboard containers using Visual C+ software

based on the investigation above.

IV. Results and recommendations

Although this study is limited to six fresh agricultural products packaged in the
corrugated fiberboard containers and further work needs to be done, we believe
the data and results presented in this research will help greatly to set proper
package design for boxes. Especially, safety factor software would be practically
helpful for researchers for future study and packaging users to save packaging

costs.
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WAE Pase] e 24 A +EFES 2490 £ oe8Ad FEEEs
Aarel el FERE A5 AESATHE)

FRAGA] GEFEA BF AFS BFF WHOE o] FolA gl HEHQ

o] Mckee 23} Kellicutt?] o]t}

L

Table 4. Variable Environmental Factors under load.

Factors Compression Loss Multipliers
10 days -37 percent loss 0.63
30 days - 40 percent loss 0.60
Storage time under load
90 days - 45 percent loss 0.55
180 days - S0percent loss 0.5
S0percent -0 percent loss 1.00
60percent —10percent loss 0.90
Relative Humidity under 70percent —20percent loss 0.80
load(cyclical RH variation further
increases compressive loss) 80percent -32percent loss 0.68
90percent -52percent loss 0.48
100percent—85percent loss 0.15
Pallet Patterns Bast Case Worst Case
Columnar, aligned Negligible loss
Columnar, misaligned 10 - 1bpercent loss 0.90 0.85
Interlocked 40 - 60 percent loss 0.60 0.40
Overhang 20 - 40 percent loss 0.80 0.60
Pallet deckboard gap 10 - 25 percent loss 0.90 0.75
Excessive handling 10 - 40 percent loss 0.90 0.60

Mckeet= RSCE 4#H0201%)2] dF54d=+ Ao FHA(E), 49 ECT, ¢

ol WA, dxkel Aelek vnle viE & 53
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AtH(4) Mckee 4= ©#] RSCHellwt A 8] 7hssty FRAI} Ao wolel A
7F 71 o]deld A go] E7Fssith Mckee A& HTE WEshA Fo2W of] A
(2)¢} #Zt}.

BCT=5.87 X ECT< /(caliperof combinedboard X boxperimeter) ——— (2)

AN

Sej Sl 7P wol ALEEE A Kellicutt 401th(6) Kellicutt A& €%
o BaPAREs} e FUAL EAA 248 Fu gly] el A4e) F

FF e Bal 44 FFFEE A58 goldrh Kellcutt o oF FwA

P= AxXRCxZ '3 -—- (3)

o1 714

WA 7] AeA e A AYskd ohe a2
SW A=t 0.347
SW B=: 0.248

DW AB=: 0442

SRCE YA FAaHAGE el =AY B9 AT 16 B2 149 HH

g Falok wth.

el FAHE EPPAE AUIA - B A U@ Rel P/ BH A He)
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Aok H2 aFFo] g Ana ds g gasdeld T FAlel whel Awnjrol
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S I & 9 A(AolxrxEo], mm) R v 11
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. A 510 x 360 x 280 02013 «
& B 440 x 330 x 270 02013
O % 4 JE AL
15kg, 10kg, Skg A} 5 ZAANA T4 D Zehre zAAAE BF2TFE JUE
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Table 8. At#pd=be] x4+t 4, =, 4Aa8& 93

T 72 (mm) A dedtdke) F5dEke) HANEE(%)
A 314 x 235 x 170 10 180 479 97.6
ke B 550 x 366 x 110 17 280 968 99.8
10kg 510 x 360 x 190 10 360 526 91.0
15k A 510 x 360 x 280 7 360 526 91.0
g€ B 440 x 330 x 270 7 360 496 96.0
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1(64) (66) 6 (41) (62)

7 (19)
¥ Ax3F — 9
bR 23 15 > (30) 23 ; EH%;;I;J)?LH
(29) — 6,
— 6

Figure 47. 28 A] w|F9 FEHAE

W34S dido =z gxte] A A ol mE Kellicutt? S AF-&-3}o
LA FAo| e oEZGFHEE 4HESH Table 277 T Table 279 ZA¥&

02018 & 7IFom A=stalon o 2gke] 85%E A-83% Zifeltt.

T 24 (mm) LA T4 =4 w(kg) Bl AL
560 x 325 x 200 KA180/A180/K180/A180/KA1R0 431

33 7]
550 x 366 x 200 KA180/A180/K180/A180/KA1K0 436
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T = 44 (mm) HAANEE (%) H| 31
560 x 325 x 200 60.2

33E7]
550 x 366 x 200 99.8
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Figure 49. WjF42te] 25% 4S5 AT 347 73 9 740 H

st W Fo] WA FEARe wE Ay 2HFET 197C, 96.1%RHE YER T %
Aol e5E Aol wuE oz etk wFelA Bt AR W
Ao 94% % % me] e uag A7 v Aow Bt

Table 31. #4414 2 542 W2 24% 44

EA - &
T 5
2+%=(7) &%= (%RH) 2= () 5= (%RH)
At 18.5 90.6 19.7 96.1
A 23.7 97.1 20.3 97.2
2 17.4 48.4 18.8 95.3
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Table 32. Basis Weight and Thickness Test Data.

Kinds KA210 K200 B150  SC240  S120  SK180

Max. 21470  203.84 15492 25852 12234  181.00

Basis Weight ~ Min. 211.26  199.42 14846 25128 12018  173.16
(9/m’) Average 213.01 20120 152.60 25489  121.35  177.38
Std. Dev.  1.08 1.65 1.98 2.27 0.81 2.47

Max. 29350 291.40 27117 29657  216.80  262.90

Thickness Min. 27700  284.80 24443  291.03  202.37  250.20
(m) Average 28540 28755  254.66  293.85  207.78  257.26
Std. Dev. 28.85 5.21 61.65 3.38 16.09 13.81

- e
THA AA e RAAE A APl AEESd ARE B YH20C-RH 50%)3)

of 24A7F AA 2] & I E=A7](CO-608, ¥ Instruments)S ©]-&3lo] # 4t
A EAFEHEKS M 7017)0 wel A=) WA o|HS Z+2E 103] A AT

_92_



jaicil
ol
ol
N
e}
ol
ol
s
oN
o
2
A
rio
1>
odt
rlo
otk
)y
N
)
e}
=)
Q
5

1l
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TrEo] T EN(20C-RH 50%)38kel 24417 A A2 sk thg Agst s=x7d et
A 2477 HEAA TS SAHSAY. YA e HLS

(AD-4714A, A&D)E o] &3 th.

F0A 249 FREFENL A
O

A LA A= APS dY 2 A <t
VH A 7] (ring crush tester)(13-02-00, TMDZ FA43t 3 o, Al52e] A7
= 67(1524mm)x1/2"(127mm)°] A& Abgedt. E54dE=e Ve o
CD(Cross Direction)®@&o 2 stgom RE Alg 52 107] Az dg 43
o] gyt xEAAE FeHh AFS KS M7021(Fe] 2 #A e FA ¢}
Al R, KS M 7051-1997(#A1 9] 5745 Al #)ell whgtot

|
0¥
N
0
Hye
ol
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ool A Fuld dvo R AdE TR FHAEE FAGEGEAD
(DTT-900, tHEH )& o]&st] ZFHEH 2 90% RHO 15 stellA 2H2h 103
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of F=7F 7H = vEsken s 50% o] ol A
o

Hou 5438 Fratete dojuA gt Table
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Table 33. Effect of Relative Humidity on Bursting Strength of Corrugated
Fiberboard. Units: kgf/cr

Bursting Strength
RH, % KA210 K200 B150 SC240 S120 SK180

out in out in out in out in out in out in
30 7.4 7.3 2.2 2.2 2.3 24 72 64 14 14 40 36
50 7.2 6.9 2.2 2.1 2.2 21 71 64 14 13 38 36
70 6.5 6.3 19 2.1 2.1 21 67 56 13 12 36 35
90 5.9 6.0 1.8 2.0 2.0 21 62 52 12 11 31 28

949 45FERing Crush) = WA CE B3t melste] SC A4 13 =
B KA, K 2olgom ol /44 we s 449 st by Bt BE 449
SHE FAEE 60%74XE 2 ek glol MM Bk el Tk 70% o

o}
1=
ol A FA3% rsEs oS th.(Table 34)

Table 34. Effect of Relative Humidity on Compression Strength of Corrugated
Fiberboard. Units: kgf

Compression Strength of Corrugated Fiberboard

RH, % KA210 K200 B150 SC240 S120 SK180

cb Mmb CcCbOD MD CD MD CD MD CD MD CD MD

30% 248 388 150 247 105 181 37.7 423 6.2 93 14.6 26.2
50% 242 346 138 212 101 151 348 381 6.0 8.8 13.0 219
70% 223 339 136 204 91 143 311 342 57 84 125 215
90% 138 211 73 115 57 9.0 151 198 34 58 80 124
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Table 35. Effect of Relative Humidity on EMC of Corrugated Fiberboard paper.

EMC of Corrugated Fiberboard.

RH, %
KA210 K200 B150 SC240 S120 SK180
30 7.8 7.1 7.2 6.2 6.9 7.5
50 8.2 7.6 7.4 6.6 7.1 8.0
70 8.5 8.2 8.0 8.0 8.1 8.7
90 14.5 14.3 16.7 13.1 12.2 14.3
180
160
140
2 120 | —e—KA210
£ 100 | —l— K200
S B150
2 80 —¥— 5120
= 60 | ——SK180
40
20
00
20% 40% 60% 80% 100%
Relative Humidity

Figure 52. Effect of Relative Humidity on Equilibrium Moisture Content of the
Corrugated Fiberboard.

72t Ao FE e dAe pEsAdEee] AAE FHtetr] flete] Az

Y ER A eH(Figure 53).
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Figure 53. Relationship of Moisture Content and Compression Strength of the
Corrugated Fiberboard Paper.
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SHE oSl &84 + AUk
Table 36. Compression Strength and Conversion Factor of Paper as a function of
Moisture Content at each Relative Humidity.
Comp. ) Water  Comp. )
Water Conversion Conversio
Kinds R.H.(%) ngth Kinds R.H.(%) Content Strength
Content(%) Factor n Factor
(kgf) (%) (kgf)
50% 6.19 37.10 1.00 50% 6.79 1524 1.00
55% 6.53 35.91 0.97 55% 7.08 1484 0.97
60% 7.01 34.22 0.92 60% 755 14.22 0.93
65% 7.63 32.05 0.86 65%  8.19 13.39 0.88
SC24  70% 8.40 29.44 0.79 K200 70%  9.01 12.39 0.81
0 75% 9.32 26.43 0.71 75% 10.00 11.25 0.74
80% 10.39 23.07 0.62 80% 11.17 10.02 0.66
85% 11.60 19.41 0.52 85% 1251 8.76 0.57
90% 12.96 15.53 0.42 90%  14.03 7.51 0.49
95% 14.47 11.49 0.31 95%  15.72 6.36 0.42
50% 6.19 6.43 1.00 50%  7.29 14.76 1.00
55% 6.53 6.30 0.98 55%  7.58 14.21 0.96
60% 7.01 6.10 0.95 60%  8.03  13.40 0.91
65% 7.63 5.84 0.91 65%  8.64  12.40 0.84
70% 8.40 5.49 0.85 70% 9.40 11.27 0.76
S120  75% 9.32 5.04 0.78 SK180 75% 10.33 10.13 0.69
80% 10.39 4.48 0.70 80% 1142 9.11 0.62
85% 11.60 3.79 0.59 85% 1266  8.33 0.56
90% 12.96 2.95 0.46 90% 14.06  7.99 0.54
95% 14.47 1.94 0.30 95% 1563 8.25 0.56
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Table 37. Comparison of Measured with Estimated Box Compression Strength.

Dimension Sum of Compression Strength(kgf)
Perime-ter Cor Cor ‘A" Comp. Str.
R.H. Outer " Center " Inner Multipliers
L w b ofBox Med. Med. Total for DW  (kgf)
liner liner liner
(B F) (A F)
50% 479 1.00
Mea-
70% 550 366 110 447 0.07
sured
90% 249 0.48
50% 37.10 9.00 15.24 10.29 14.76 96.16 520 1.00
Esti-
70% 550 366 110 1832 29.44 7.68 1239 8.78 11.27 77.90 0.442 421 0.19
mated
90% 1553 4.13 751 472 799 4437 240 0.54
o A&
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Table 38. Basis Weight and Thickness of Paper.

Kinds SC240 K200 S120 SK180

Max. 258.52 203.84 122.34 181.00

Basis Weight Min. 251.28 199.42 120.18 173.16
(9/m’) Average 254.89 201.20 121.35 177.38
Std. Dev. 2.27 1.65 0.81 2.47

Max. 296.57 291.40 216.80 262.90

Thickness Min. 291.03 284.80 202.37 250.20
(¢m) Average 293.85 287.55 207.78 257.26
Std. Dev. 3.38 5.21 16.09 13.81

Table 39. Liner Compositions and Box Size of Corrugated Fiberboard Boxes

10kg 5kg 3kg
. SC240/S120/K200/S120/SK180  SC240/K200/SK180 SC240/S120/SK180
Composition
(DW, AB flute) (SW, A flute) (SW, B flute)
Box Size 550%366x120 440%330x110 366x275x110

A Ao AR E AP Abdel AEYR ARE B H(20C-RH 50%) 3t
E o] &3ty ety

o
o4
ol
b
>
et
N
Q
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(o)
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#HA Ao FESFFEAES AFetr] et AAedA  323557] (Donghak
Machinery)& AF&3tAth 3A1E A& 7271 25cm, Al27F 20cm FEIZ A HS
5o T EN(20C-RH 50%)38kel 24417 A A2 st thg Agst s=x7d ot

GAl 2447 BIAA FrEe ZARAT 949 FreS4e A9 SR
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NME dFE Ao & AFoAE AR Hohe bdAFd AAdd d&F&Fs
g FEHFEE FHoE AYsAt. Table 402> A AFAE Figure 54+
®HO A7 FAHXAE YE Aot

Table 40. Effect of Relative Humidity on Bursting Strength of Corrugated
Fiberboard.
Units: kgf/cr

Composition of ] RH, %
Bursting Strength
Corrugated Boards 50 70 90
Max. 9.50 9.00 8.50
SC240/K200/SK180 Min. 8.00 8.00 8.00
(SW, A flute) Average 8.60 8.40 8.10
Std. Dev. 0.65 0.55 0.22

7 guigEd AEsgdl £UE Awe) £EFFS 4T Ay 2K 9 go] 3

1 h=
MEE 60% oA FAF FESAS welow AMRAY F L DTN
3}
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Figure 54. Effect of Relative Humidity on Bursting Strength of Single-wall
Corrugated Fiberboard.
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12.00 /
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Moisture Content
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Figure 55. Effect of Relative Humidity on Moisture Content of the Single-wall
Corrugated Fiberboard.
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Aol A Ee hEAEI FusE 10%7HAE 2 Wsrt glo]l AAs A=rt
7.

JE5eS B o=t} .(Table 41, Figure 56)

Table 41. Effect of Relative Humidity on Compression Strength of Corrugated
Fiberboard. Units: kgf

Composition of C St th RH, %
mp. Stren
Corrugated Boards omp cns 50 70 90
Max. 374 34.7 21.9
SC240/K200/SK180 Min. 34.1 33.1 20.9
(SW, A flute) Average 35.8 34.1 21.3
Std. Dev. 1.7 0.7 05
SC240/S120/K200/S120/S Max. 420 405 26.5
K180 Min. 419 36.2 24.0
Average 42.0 38.5 25.0
(DW, AB flute) Std. Dev. 0.1 22 11
450 r
400 -\_\
£ 35.0 =
%)
- —e—SW
ox 30.0 —=—DW
& 250
S
20.0 r
15.0
40 50 60 70 80 90 100
RH, %

Figure 56. Effect of Relative Humidity on Compression Strength of Corrugated
Fiberboard.

- 103 -



HUEE Wael BE gae] GEHPE uw
Foigd BYPredl 2UH 4o 4EFEE AT A% DW 37k SW
AR =ton Fejd 2= folderd, RSC, Bliss® o)t 4% =7kl whelt
RE AR AUEE 70% oA wA4g AreAstE e AT (Table 42)
Table 42. Effect of Relative Humidity on Compression Strength of Corrugated
Fiberboard Boxes.
Box type 50 70 90
Average 3715 306.5 171.7
RSC type
Std. Dev. 11.2 324 14.2
SW Average 618.7 586.4 351.9
(A folder type
flute) Std. Dev. 6.9 15.2 5.2
Average 253.1 2379 121.7
Bliss type
Std. Dev. 79 177 5.2
Average 690.2 606.9 459.2
RSC type
Std. Dev. 136 7.7 72.8
DW Average 1,533.7 1,345.4 913.0
(AB folder type
flute) Std. Dev. 28.6 32.9 50.8
Average 465.1 425.0 278.3
Bliss type
Std. Dev. 75 56.4 215
Z49 72t @2 FEFELHA 50% RHeIA 9] t54=s 12 st 72t Jdged
gA9) GEREE AN 7 G FEFE A& FHATH(Table 43)
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Table 43. Compression Strength and Conversion Factor of Corrugated Fiberboard

Boxes at each Relative Humidity.

RH RSC folder type Bliss type
Flate ™ "Comp. Str. L Comp. Str. L Comp. Str. L
type (%) multipliers multipliers multipliers
(kgf) (kgf) (kgf)
50 371.46 1.00 618.64 1.00 253.13 1.00
55 361.79 0.97 629.47 1.02 258.80 1.02
60 347.74 0.94 627.67 1.01 258.15 1.02
65 329.33 0.89 613.24 0.99 251.20 0.99
SW 70 306.54 0.83 586.18 0.95 237.93 0.94
fh(ﬁe) 75 279.39 0.75 546.49 0.88 218.36 0.86
80 247.86 0.67 494.17 0.80 192.47 0.76
85 211.97 0.57 429.22 0.69 160.28 0.63
90 171.70 0.46 351.64 0.57 121.77 0.48
95 127.07 0.34 261.43 0.42 76.95 0.30
RSC folder type Bliss type
Eluge R11 Comp. Str Comp. Str Comp. Str
type (%) ' " multipliers ' " multipliers ) " multipliers
(kgf) (kgf) (kgf)
50 690.27 1.00 1,533.75 1.00 464.99 1.00
55 675.48 0.98 1,509.59 0.98 464.96 1.00
60 656.67 0.95 1,470.17 0.96 458.26 0.99
65 633.84 0.92 1,415.49 0.92 444.89 0.96
DW 79 607.00 0.88 1,345.55 0.88 424.85 0.91
fiétg) 75 576.13 0.83 1,260.35 0.82 398.14 0.86
80 541.24 0.78 1,159.89 0.76 364.76 0.78
85 502.33 0.73 1,044.17 0.68 324.71 0.70
90 459.41 0.67 913.19 0.60 277.99 0.60
95 412.46 0.60 766.95 0.50 224.60 0.48
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Table 44. Effect of Relative Humidity on Compression Strength of Corrugated
Fiberboard Boxes packaged with 'Fuji’ apple.

Box type 50 70 90
Average 349.3 247.1 134.1
RSC
Std. Dev. 0.1 23.0 6.5
SW Average 589.8 522.4 307.8
(A folder type
flute) Std. Dev. 5.0 9.3 26.3
Average 242.0 196.6 99.7
Bliss type
Std. Dev. 9.6 4.8 9.3
Average 242.0 164.1 112.3
RSC type
Std. Dev. 5.7 1.8 2.7
SW Average 597.6 400.8 288.4
(B folder type
flute) Std. Dev. 15 14.8 3.6
Average 245.2 176.6 118.2
Bliss type
Std. Dev. 12.8 3.6 5.0
Average 628.8 578.6 384.4
RSC type
Std. Dev. 74.1 7.1 38.6
DW Average 1,345.5 1,150.5 773.9
(AB folder type
flute) Std. Dev. 7.3 12.0 58.6
Average 431.9 358.6 2259
Bliss type
Std. Dev. 11.2 0.7 8.3
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EE Al A AlsFe] AYEA &2 FAVE AFAYEARTG dE5A=TF =4 o
Efyom wIgAtel A Q)dat b s el wE A3 (correlation) = RSC, folder,
bliss@ o] Z+7} 0989, 0.999, 0.991% v =A Yetutth =, AT AEA AF
HAAFAE 7Ieom AxtEolof 51, obe Figure 57 3 #Zo] 454%= Astel )

oA 47 HHE THA AL omw ol F Aitel] w3 5= 9lrh

Table 45. Compression Strength and Conversion Factor of Corrugated Fiberboard

Boxes at each Relative Humidity.

RSC folder type Bliss type
Flute R.H.
type (%) Comp. Str. o Comp. Str. o Comp. Str. o
multipliers multipliers multipliers
(kgf) (kgf) (kgf)
50 349.22 1.00 589.72 1.00 241.94 1.00
55 324.67 0.93 586.67 0.99 235.42 0.97
60 299.45 0.86 574.42 0.97 225.67 0.93
65 273.56 0.78 552.96 0.94 212.70 0.88
SW 70 246.99 0.71 522.30 0.89 196.51 0.81
(A
flute) 75 219.75 0.63 482.43 0.82 177.09 0.73
80 191.83 0.55 433.36 0.73 154.45 0.64
85 163.23 0.47 375.08 0.64 128.58 0.53
90 133.96 0.38 307.60 0.52 99.48 0.41
95 104.02 0.30 230.91 0.39 67.16 0.28
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RSC folder type Bliss type
Flute R.H.
type (%) Comp. Str. multipliers Comp. Str. multipliers Comp. Str. multipliers
(kgf) (kgf) (kgf)
50 242.02 1.00 597.70 1.00 245.27 1.00
55 220.11 0.91 540.62 0.90 227.15 0.93
60 199.84 0.83 488.82 0.82 209.69 0.85
65 181.20 0.75 442.29 0.74 192.87 0.79
SW 70 164.19 0.68 401.04 0.67 176.69 0.72
ﬂl(l]?e) 75 148.81 0.61 365.06 0.61 161.16 0.66
80 135.06 0.56 334.36 0.56 146.27 0.60
85 122.93 0.51 308.93 0.52 132.03 0.54
90 112.44 0.46 288.78 0.48 118.44 0.48
95 103.58 0.43 273.90 0.46 105.49 0.43
RSC folder type Bliss type
IZlute R Comp. Str. o Comp. Str. o Comp. Str. o
ype (%) multipliers multipliers multipliers
(kgf) (kgf) (kgf)
50 628.84 1.00  1,345.35 1.00 431.95 1.00
55 629.82 1.00  1,313.60 0.98 419.21 0.97
60 621.80 099  1,270.50 0.94 402.75 0.93
65 604.78 096  1,216.05 0.90 382.58 0.89
DW 70 578.76 092  1,150.25 0.85 358.69 0.83
fiﬁtg) 75 543.74 0.86  1,073.10 0.80 331.09 0.77
80 499.72 0.79 984.60 0.73 299.78 0.69
85 446.70 0.71 884.75 0.66 264.74 0.61
90 384.68 0.61 773.55 0.57 226.00 0.52
95 313.66 0.50 651.00 0.48 183.54 0.42
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Figure 57. Comparison of Compression Strength of Corrugated Fiberboard Boxes

between Empty Box and Box with Apples at each Relative Humidity.
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Figure 58. Percent Loss of Compression Strength of Corrugated Fiberboard Boxes

at each Relative Humidity.
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Tabled6?} Figure 59 oA 5% 197 wad 4Ae d54ms e Aske 7]
stlont BAgAonE 2 ozt gtk 197k 71zke] Aldfom QAR
bl Astee NAY St fou FedEEads 443 naddy 2 g
o) gl Aoz wATh AW 2 e BEFEAU 50% RHAA ) RS
12 83 7 AuEEE AR 4F4EE Adetel 74 4R GEPE AsEs
Fahint

Table 46. Compression Strength and Conversion Factor of Corrugated Fiberboard

Boxes with A flute.

RSC folder type Bliss type
Flute R.H.
type (%) Comp. Str. Multipliers Comp. Str. Multipliers Comp. Str. Multipliers
(kgf) (kgf) (kgf)
50 325.28 1.00 807.24 1.00 271.98 1.00
55 327.16 1.01 791.66 0.98 27843 1.02
60 323.58 0.99 764.26 0.95 278.17 1.02
65 314.53 0.97 725.06 0.90 271.19 1.00
SW 70 300.02 0.92 674.04 0.83 257.50 0.95
ﬂfﬁe) 75 280.04 0.86 611.22 0.76 237.09 0.87
80 254.60 0.78 536.58 0.66 209.97 0.77
85 223.69 0.69 450.14 0.56 176.13 0.65
90 187.32 0.58 351.88 0.44 135.58 0.50
95 145.48 0.45 241.82 0.30 88.31 0.32
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Table 47. Compression Strength and Conversion Factor of Corrugated Fiberboard

Boxes with AB flute.

RSC folder type Bliss type
Flute R.H.
type C . Str. C . Str. C . Str.
(%) ~omp. Str Multipliers omp- S Multipliers Otb- S Multipliers
(kgf) (kgf) (kgf)
50 691.94 1.00 1,364.98 1.00 409.37 1.00
55 689.40 1.00 1,376.30 1.01 410.59 1.00
60 678.15 0.98 1,366.03 1.00 404.34 0.99
65 658.21 0.95 1,334.17 0.98 390.60 0.95
DW 70 629.56 091 1,280.72 094 369.39 0.90
(AB
flute) 75 592.22 0.86 1,205.68 0.88 340.69 0.83
80 546.17 0.79 1,109.05 0.81 304.52 0.74
85 491.43 0.71 990.83 0.73 260.86 0.64
90 427.98 0.62 851.02 0.62 209.73 0.51
95 355.84 0.51 689.62 0.51 151.11 0.37
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Effect of R.H. on Various Box Types with A flute
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Figure 59. Compression Strength and Conversion Factor of Corrugated Fiberboard

Boxes with AB flute.
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Figure 60. Effect of cyclic humidity on compressive creep strain
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Figure 61. Two curves are on the same line for constant humidity (90%RH) and
cyclic humidity condition (30% --> 90% --> 30% --> 90% --> -->) for single

wood fiber
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Figure 62. Crossing fibers have different expansion rates.

- 118 -



t —— Constant 90% RH
L ----- Cyelic 30% 1o 90% RH
sl - — — Constant 30% RH
aq //
Eal e
=t
= T Gttt
7
2L f
o peememnt
v
o s R s e S

Figure 63. Deformation of cellophane under cyclic humidity condition.
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Figure 64. Comparison of free dried and restraint dried paper under cyclic

humidity condition.
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Figure 65. Hypothetical moisture and stress profiles through a sample under a

tensile load over a sorption cycles
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Table 48. 7]& X E/4AFe] 4%, SHAAST d 8

T v w3 Amm)  AATE de9Fke) UEFE (kg) HHAF
5kg 550 x 366 x 115 10% x 2 500 758 6.1
4kg 440 x 330 x 125 109 144 577 16.0
A 350 x 250 x 120 548 22.8
o
KR x5 a1 0 532 22.2

WREAAT 45 AE8tE Wel Baskads).

5, X% Skg AAE odE W vE% 2ok ¥=4A Skgol 4F FHE 293 A
Al FAA FAC P E 17 F7HE RS Aerete] 30kgs ekl =k 199
A= F= 104A el B2 F 20878 EX4Ab Fol7t "dvk. wekA X% 5Kg
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Table 54. 2ol & X Hg H F7
=1 - T+ 70 (mm) 3 F (g/m) 9 %(g/ce)

A 0.24 179.1 0.74

B 0.18 1284 0.65

C 0.22 167.7 0.76

D 0.26 179 0.70
¥ A 9FgolyA] B 1 ZAA, C o WEeelyA], D A ® gely A
2) 25AE 2 A=A
zy7vol ZF9A YA = TAPPI Standard T402 om-88¢] we} 23+1C, AU&5E
50+2% 2 AH Fd2FAoA 24417 o] 2HEAYE AAS F EAS SH5
ATt F5 AYE 9AE TAPPI Standard T489 om-88¢l 95t AAAREE =
A5 Zzte] dads AEA
Ax o] et E AFS KS M 7051-1997¢] ¢]Aste] 9949 CDH3EFS 7|F o7 3o
RCTE A3ttt RCTSF STFIQ] #AAE Lolry] fste] 25 AHEld 94
=2 starslard o] 9 STFI 247]712 o] &3ate] =A435t4
Z. ECTE 383 9A9 Cyclic Humidity Test
Z% A ¥9A F A DE o] &3 A ECT A8 93 AlHS Ao
1, ECTE o]&3te WX 9 AFAEE SAHst= HaS MEsted A&t
ECTE $&3 Ad=HAEE ZH37] Y3 AHS v Figure 73 3} 7ol A z+3kc},
AAHoZ MEL 4dmm WA FHS DAY FFHo & A7t =
o] Wjo] #He AFAEE ALESHA Hrh
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3 kA Ao AlgE UA] A, B, CE AFE3Fe] F3#| = Double Face (A/B/C)
ouble Wall (A/B/C/B/C)2] FHlZ AZH MIES TZ AFHANA AZeA L,

]_
oA AFE FHAE &% 28+1TAA FolFE 50£2%9 85+2% 5 6A1tvith &=
gat= x2F A7lZ Aed F TAPPI Standard T839 om-02¢] 9|7 5te] ECTE
A3
4 B85 ES FTRAAY 2YH B

7 AR A=A HA

Z9A 9A° ARAE Teel Table 559 2.

Table 5. WA akA & Adst Y NFA A deg v

M D C D
A aug (m) AFE 00 FEE agE o)
9% geluA (A) 6.33 2.22 2.31 411
SRR 41 157 15 2.58
Ul 2ol 44 1.24 1.7 3.75
el 94 gelvA B) 502 1.9 2.11 3.80
=87 A9 dade BE A CDWEET MDEFo] =4 ygtern o4
o 0E AAAzASH AR Aael gyl oF dvetn Y4e AgE S
Al BE CDW o] MDB @R %2 A& Yepfide £3 WA st 8
gl A Ask Wl WA s @ 2leldA BE wasigls wi= CDe MDY
2wl eAds s @2 Al AV 9 =2 49 gE Ui oA
Boageld AAE EY FAYE A AFEe AaArs PHo A4
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22 E3to] RCT =4 Z3¢ STFL YA ECTe =AA371 A%< AanAsS
Holx 9S8 & 4 9ot 9A ECT olAE A=l A9 1 ko] STFI o
& 94 e o ugge] A9 STFI Bt} 238 %2 S Hola 3l
At

Table 56. =34 ¥4x]¢] RCT9 STFISA 4%

B RCT STFI A4 BECT =43
- (kef/cm) (kgf/cm) (kgf/cm)
9% FolA (A) 20.14 22.44 26.73
A A 8.23 13.23 11.32
5 2ol A 17.64 22.14 24.00
WA 9% 2ol (B) 14.35 17.71 22.32
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Aol A== YA7]|ZF compression creep = 713 & FA] dEAEE SHH3 Ao

24 9A5Y WP FAE Hauk = 5 vk

T3EE, 2 dSetsstolA dAFATE ol =3
PR B =4S FAHI Ao ZA accelerated creep 2] o] EE 2o A A
A 2

T 9e Aol

N (kgf) 0 Day 1 Day 2 Day 3 Day 4 Day

9] 2ol Al (A) 28728 22040 20041 145.26 13391
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ALY FUEE 80%A e ZFAHE = single wall, double wall, apple-$-
double wall =5 50% o]4e] ¢4=35S BAT 85%9 FL3dto A= single wall
o] 9 45%, double wall ° 29 50% o]/de] =350l "“’bloiq

J[Nv
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Table 58. Compression strengths of corrugated boards made of linerboards and

medium in Table 54 after conditioning at specified RH %.

50% /23°C 80% /20°C 85% /20°C
Single Wall 59.36 30.66 (0.516) 27.10 (0.453)
Double Wall 73.66 41.12( 0.558) 37.52(0.509)
Apple DW 116.7 66.3 (0.568) 63.06 (0.540)

% () © ratios to those of 50% /23°C

Table 59. Compression strengths of corrugated boards made of linerboards and
medium in Table 54 at different temperature and RH under the creep

load of 20% of maximum compressive strengths, respectively.

502%/23°C, no  85% /10°C,  85% /20°C, 85% /20°C, no

creep creep creep creep
Single Wall 1.000 0.336 0.390 0.453
Double Wall 1.000 0.491 0.499 0.509
Apple DW 1.000 0.507 0.518 0.540
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Figure 81. Compression strength ratio of corrugated boards in Table 56.

0.7 db85%/100C, creep
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Figure 82. Compression strength ratio of corrugated boards in Table 56. Creep

load was 202 of maximum compressive strength of each corrugated board.
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Table 60. Compression strengths and ratios after applying cyclic humidity to the

corrugated boards with the creep load of 209 of maximum strength

RH
0D 1D 2D 3D 4 D
50<=>85 ay ay ay ay ay
Double
61.2 285 22.6 20.6 19.2
. Face
Compression
Double
strength 749 43.8 339 34.2 30.1
Wall
(N/cm)
Apple
119.1 709 58.0 51.2 50.2
DW
Double
1.000 0.465 0.370 0.336 0.313
Face
. Double
Strength Ratio 1.000 0.585 0.453 0.456 0.402
Wall
Apple
1.000 0.595 0.487 0.429 0.421
DW
1.200
—e— Double Face
1.000 —=— Double Wall
. —&— Apple DW
o 0.800
@
£ 0600
(0]
C
[
= 0400
7
0.200
0.000
0 Day 1 Day 2 Day 3 Day 4 Day

Cyclic Humidity

Figure 83. Ratios of compression strength after applying cyclic humidity and 20%

creep load.
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Figure 85. Comparison of compression strength ratios between cyclic and high

humidity to double face corrugated boards.
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5. hd F59 £FE =34 FA9 HAF F@AF AE 3
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7}. ¢t Al 4= (Safety Factor)ol thdt o] 83 H

a. TEAA 2 WA Fof k= Zlo] HA > 7] B
b. 7}F& 3k 39 (failure mode) <1

c. 2t o wE 97 F(failure criteria) 9

d. wE7IE] e AEEA

e. T4 FES FU)9F HAAFSF)Y A&
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actual strength
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A dAbe] ZRA YA PA A (SF) &
SF = {H, P, t, T, Sp, D, x)

o] 7] A
H = Humidity
P = Product

t = temperature

T = storage time

Sp = stacking pattern

D = Severity during distribution process

X = any other factor(s)

= 49 + ok

o

FAATE QWA FRAPA] GHFEANYAN b 2ol mE L

RELANE Y Rt

Pmin = (n-1)xWpx{

where,

Pmin = minimum compression strength of box
(required for stacking)

n = number of boxes

Wp = weight of packaged product

f = correction factor(safety factor)
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Table 61. Simple Equations of Compression Strength(y) as function of Relative

Humidity (x)
Box Type Equations
RSC v = -0.0804x” + 5.4845x + 617.04
DW )
Folder y = -0.3052x" + 27.214x + 936.05
(AB flute)
Bliss v = -0.1334x> + 14.001x + 98.442
Empty
RSC v = -0.0874x> + 7.242x + 227.86
SW 5
Folder y = —0.2526x"+ 28.689x — 184.31
(A flute)
Bliss y = -0.1262x” + 14.384x - 15057
RSC y = -0.0001x” + 0.0079x + 0.8939
DW )
Folder vy = -0.0002x" + 0.0177x + 0.6103
(AB flute)
Bliss y = -0.0003x” + 0.0301x + 0.2117
RSC y = -0.0002x* + 0.0195x + 0.6134
. SW )
Filled Folder y = -0.0004x" + 0.0464x - 0.2979
(A flute)
Bliss y = -0.0005x° + 0.0568x - 0.5948
RSC v = 0.0001x° - 0.0322x + 2.2754
SW )
Folder y = 0.0002x” - 0.0376x + 2.4404
(B flute)

Bliss y = 0.00005x” - 0.0203x + 1.8831
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Table 62. Vibration Test Method

Test Method Sine

Duration Type Sweep

Sweep Mode Log

Sweep Rate 1 Oct/min

Frequency 5Hz ~ 200Hz

Acceleration 0.3G / 0.5G

Sensor Number 4 EA

Sensor Status Chl Control
Ch2 Weight-Top
Ch3 Side-short-3 Axis (Y)
Ch4 Side-long-3 Axis(Y)

BA3 R FAFEE JUEES WE g Fests 29 wBelol
Eoew deut Fog R 49 fAse SR oE FaFEssel
Il
N

3 tH(Figure 88 ~ 93).

Figure 87. Vibration Tester and Environmental Chamber.
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G (Log)

G (Log)

A.>SineG[CH1] E.>SineG[CHZ] C.>Sine G[CHE] [0 >Sine G [CH4]

10
Hz (Log)

10
Hz (Log)

A.>SineG[CH1] B

>Sine G[CHZ] C.>Sine GICHE] [0.>Sine G [CA4]

G (Log)

10
Hz (Log)

Figure 88. Vibration Test(0.5G) for RSC Box at each Relative Humidity.
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G (Log)

G (Log)

A.>SineG[CH1] E.>SineG[CHZ] C.>Sine G[CHE] [0 >Sine G [CH4]

10
Hz (Log)

10
Hz (Log)

A.>SineG[CH1] B

>Sine G[CHZ] C.>Sine GICHE] [0.>Sine G [CA4]

G (Log)

10
Hz (Log)

Figure 89. Vibration Test(0.5G) for Folder type Box at each Relative Humidity.
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G (Log)

A.>SineG[CH1] E.>SineG[CHZ] C.>Sine G[CHE] [0 >Sine G [CH4]

s
Hz (Log)

G (Log)

s
Hz (Log)

A.>SineG[CH1] E.>SineG[CHZ] C.>Sine G[CHE] [0 >Sine G [CH4]

G (Log)

5
Hz (Log)

Figure 90. Vibration Test(0.5G) for Bliss type Box at each Relative Humidity.
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25C 50Rh
25C 70Rh
25C 90Rh

0.8

0.6 [

0.2

0
5.00 6.33 7.97 10.04 12.65 1593 20.07 2528 31.84 40.11 50.583 63.65 80.17 100.99 127.21 160.25

Frequency

Figure 91. Natural Frequency of RSC Boxes with Various Relative Humidity.

25C 50Rh
25C 70Rh
1.8 | 25C 90Rh

0.8 -

0.6

0.4 -

0.2 r

5.00 7.97 12.65 20.07 31.84 50.53 80.17 127.21

Figure 92. Natural Frequency of Folder type Boxes with Various Relative
Humidity.
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Frequency of Bliss type Boxes with Various Relative

Figure 93. Natural

Humidity.
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Figure 94. Setting for Random Vibration Test.

- 161 -



070123_F_4step_5kg
2| A.>PSD G?Hz [CH 1]

0.1

0.02 _|

0.005 _|
0.002 _|

0.0005 _
0.0002 _|

G?Hz (Log)

5e-005 _|
2e-005 _~

5e-006 _|
2e-006 _|

5-007 _

Hz (Log)

070123_G_4step_3kg
Q B.>PSD G?Hz [CH 2]

G?Hz (Log)

Hz (Log)

070123_G_4step_5kg
Q B.>PSD G?Hz [CH 2]

x: 0,y: 0 Locked

G?Hz (Log)

Hz (Log)

- 162 -



p_3kg

070123_R_4ste

B.>PSD G?Hz [CH 2]

A.>PSD G?Hz [CH1]

x: 0,y: 0 Locked
x: 0, y: 0 Locked

00005 _| - _~ _~ A~

(607) zZH¢D

2e-006

Hz (Log)

p_5kg

070123 R _4ste

B.>PSD G?Hz [CH 2]

A.>PSD G?Hz [CH1]

x: 0,y: 0Locked
x: 0,y: 0Locked

(607) zH¢O

2e-006

Hz (Log)

Figure 95. Comparison of Designed and Measured PSD(Power Spectral Density)
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Table 63. Loss of Box Compression Strength after PSD Vibration Test.

Compression Strength(kgf)

Flute type Box Type % loss
Before After
RSC 351.9 279.8 20.49%
SW
Folder 810.0 809.0 0.12%
(A flute)
Bliss 299.2 263.3 11.99%
RSC 700.6 690.6 1.43%
DW
Folder 1,519.2 1,516.5 0.18%
(AB flute)
Bliss 571.6 560.8 1.90%%
oltjgt A= HFEAIF olF FAT Fxo WA e 5 gt
22 AEAY olF EH o)A R H R oA &S ST
A3} 94 oluel F4ge 2 Mzt gelon gy doluxe d5ge mag
wolAT 59 7Ee] 49 42004 47% A FEEL 1wl Wy ool

A 8lIAER %A
Hol gl Ao HAY

Aol FEjol A E e Afo] 7t
¢l Foldert} Bliss type Bt} tiA| & =3
S4E7F WolA = ol {7t | AR wd
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Table 64. Changes of Moisture Content of Outside/Inside Mandarin Orange Boxes
after PSD Vibration Test.

Mandarin Orange Before After
Difference
Average Average
Box type Flute s Std. Dev. & Std. Dev. (B-A)
(%) (A) (%) (B)
SW inside 6.6 0.2 11.3 1.1 47
Outside 6.4 0.2 77 14 14
RSC ..
inside 7.2 0.3 9.6 0.3 24
DW .
Outside 5.9 04 6.8 0.5 0.9
SW inside 6.6 0.2 10.8 0.3 4.2
Outside 6.4 0.2 75 0.4 1.1
Folder ..
DW inside 7.2 0.3 85 0.1 1.3
Outside 5.9 04 6.6 0.5 0.7
SW inside 6.6 0.2 10.8 0.6 4.2
. Outside 6.4 0.2 79 1.7 15
Bliss S
DW inside 7.2 0.3 7.8 0.5 0.6
Outside 5.9 04 6.2 1.2 0.2
12.0
10.0 _ ] ]
% 80 | _ ] -
% 60 L EAvg. MC before Vib. test
SU) ’ OAvg. MC after Vib. Test
2 40 |
=
20
0.0
2 2 2 3 2 2 2 3 2 2 2 2
sw DW SwW DW SwW DW
RSC Folder Bliss
Box type

Figure 96. Changes in Moisture Content of Mandarin Orange Boxes after PSD
Vibration Test
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Table 65. Changes of Moisture Content of Cucumber Boxes after PSD Vibration
Test

Cucumber Before After .
Difference
Box t Flut AVErage o1 hey, DVREC G hev (B-A)
X . ) . . -
0% be e (%) (A) ' (99) B) <
SW inside 6.6 0.2 14.3 1.3 7.7
Outside 6.4 0.2 75 1.1 1.2
RSC o
DW inside 7.2 0.3 13.7 2.1 6.5
Outside 59 04 7.4 0.7 15
SW inside 6.6 0.2 145 0.5 7.9
Outside 6.4 0.2 7.8 0.8 14
Folder Lo
DW inside 7.2 0.3 9.1 0.9 2.0
Outside 5.9 04 6.7 0.5 0.7
SW inside 6.6 0.2 14.7 2.3 8.1
. Outside 6.4 0.2 8.2 0.8 1.8
Bliss .
DW inside 7.2 0.3 9.1 04 2.0
Outside 59 0.4 6.1 0.3 0.2 0.2
16.0
140 | [ _ M [
® 12,0
£ 100
g 80 | D Avg. MC before Vib. test
g ’ OAvg. MC after Vib. Test
g 6.0
S 40
20
0.0
2 3 2 3 2 3 2 3 2 3 2 3
SW oW SW oW SW oW
RSC Folder Bliss
Box type

Figure 97. Changes of Moisture Content of Cucumber Boxes after PSD Vibration
Test
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Alternative type Block type

Figure. 98. Typical Types of Palletized Box Arrangements.
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Figure 99. Effect of parallel misalignment on Palletized box arrangements.(Box

Size: 320%220%200(mm), Composition: KA210/S120/K200/S120/KA210(DW)
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Figure 100. Effect of Vertical misalignment on on Palletized box arrangements.
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Figure 101. Effect of Overhang on Palletized box arrangements.
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Table 66. Change of Compression Strength due to Printing and Treatment on

Boxes
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Table 679 AAH <HAAGF= B Ao Ao WPE} HESE Aolth A" fF
ZAL AHA o] 1500mm,
= 729 9 AFHA, HadFET 80%= /&@3}},\‘:}. % (average relative

humidity), %5 %(cyclic humidity), A A3 €l (stacking arrangement). overhang,

o @ wEHE T AP L 7]|EH dataE V|Fo® Ytk Wk ggE
2k AAQE st A A= obA A 27 dd

AMA e 2 DW 10kg d#ke] 45 oF 259 <HAASF7F 2a3s SW 5kg
A= 4.3, SW 3kg FE89 A 419 kAAF7 22 dasy. gEY A4S
A Eo] FrHo] £E&8oF AAAFE a3 o) )

- 173 -



Table 67. Example of Box Strength Required and Safety Factor Calculation.

Box Size 550x366x120 440x330x110 366x275x110
Box type (DW, AB flute) (SW, A flute) (SW, B flute)
Composition SCHOSIIRISIASKL 0oy kan0/SKIso  SC0/S120/SK180
Net Wt,, kg 10 5 3
Gross. Wt,, kg 10.5 53 3.2
Number of Boxes 11 13 13
Actual Compression, kg 105 63.6 38.4

Avg. Relative Humidity
during distribution 80 80 80
process(A-1)

No. of Cyclic _ . N
Humidity (A-2) 0%l 12 3%
Stacking .
arrangement(B-1) column pin wheel column
Overhang(B-2) 0 0 0
Storage time during
Load(day)(D-1) 1 1 10
Destination(D-2) Domestic Domestic Oversea
Printing(E-1) SR04 F20 4 ERoE
treatment(E-2) W+ 3 g+ ghul o] A Ela
Total factors combined 0.40 0.23 0.25
Box strength required 261.16 275.05 155.46
Safety factors 2.49 4.32 4.05

% }7] Table 672 dAleln & Z71o] Gepgo wet HdAFE HE 5+ 5.
¥ Column ¥2)9] HAlZE sl 2= 5%2 misarrangement= A dojd = do
Bz old o3 ¢FAE Aots A&,

% ShelE 20 AAA AEE kAol o) 4§
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=51 — 3EHH|
2) Avg, Relative Humidity durin
ik T ‘Dis%ribution Process b | |D'888
WA flute p ..
] «||1.000
W ISW(B flute) _ Mo, of Cyclic Humidity [No |
|Stacking Pattern |Block(COIumn) LI
Box Size |Unknown =l Misarrangement v =lls |D.?132
_ontH [Overhang [0 [1.0000
|Net Wit kg 1o |St0rage Time during Load{Day) [2 |D. a0
|Gross. W kg |]U.5 |Dest|nat|on IDDmEStIE;I |D, g50
|Mu|ti|3|e Stacking [2E =
[Mumber of Boxes  [10
|F‘rinting IEESIE |
SBtaﬁigCompressmn 34,5 |Treatment FE*-’.E + 38 |
<Warningy > Enter News W, k%' =]
<<Warning>>: Enter ‘Number of Boxes' and it must be grater than 1
<{Warning>>: Enter 'Gross Wt kg’
<<{Warning>>: Enter "Awg, Relative Hurnidity'
<<Warning>>: Enter "Avg, Relative Humidity'
=
Get Result
Exit
Result |
|Tuta| Factors Combined  0.21
|Bux strength required 454.02
|Safety factors |4.EI]
0K
Figure 104. f&&84 x40 o2 454 % 9 AddASF AE 2239
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3. W F59 £F ZETH
7h BEXFTA(L)

1) EEEATFA(SH

AT =W A FA, A, ER) 2 ALF(ERE, 5, 20]) TFE =
FA A e gk EEEG A (RS Table 682 2Tt
Table 68. Standard Box Type and Strength Recommended for Boxes.
Net Wt. ) Box Type & Stacking Safety
Product Box Size
(kg) Composition arrangement Factors
2 366x275x110 (SW, B flute) column 35
Grape(Cambell) 5 440%x330%x110 (SW, A flute) pin wheel 4.0
10 550x366x120  (DW, AB flute) column 35
3 366x275x110 (SW, B flute) column 3.0
Apple(Fuji) 5 440%x330%x110 (SW, A flute) pin wheel 4.0
10 550x366x120 (DW, AB flute) column 35
Mandarin 3 366x275x110 (SW, B flute) column 3.0
5 440%x330%x110 (SW, A flute) pin wheel 35
Orange 10 440x330x110  (DW, AB flute) pin wheel 35
3 366x275x110 (SW, B flute) column 3.0
Tomato 5 440%x330%x110 (SW, A flute) pin wheel 4.0
10 440%x330%x110 (DW, AB flute) pin wheel 4.0
Chinese 3 366x275x110 (SW, B flute) column 35
440%x330%x110 (SW, A flute) pin wheel 4.5
Cabbage 10 550x366x120 (DW, AB flute) column 35
3 366x275x110 (SW, B flute) column 35
Cucumber 5 440%330%110 (SW, A flute) pin wheel 4.0
10 550x366x120  (DW, AB flute) column 35
# QPAASE S HES A ol e BRI
 ShlE 20 HAA EE ok A S 20 H g
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U HA AlEE el A

Table 689 %+ SAHE XA AAgE S Al EH oA 2= Figure 105

2o

Product Name Fallet Group
Froduct Code Cases/Tray/ Cvals
Datafile Naune 550_336 (D206-—-0z2-03)
Solution Ref. 1 C

Cube Used S7.6 % & Box / Lavyer
hrea Used 299.8 % 11 Layer / Load
Pallet type EIZT11 66 EBox / Load
Length Width Height MNet Gross
Box (oD} S50.0 Iec.0 120.0 ran i10.000 10.500 Eg
Product i1i10o0.0 1095.0 1320.0 ron G&EO.O000 693 .000 Ko
Load i1100.0 1i00.0 1470.0 o &893 .000 FE23.000 Eg
Crrer hanor o.o e o
270
1100 1100
120
1100
550
366

1100
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Product HNsuns
Froduct Code
Datafile Naans 510 _=e0

Solution Ref. 1<
Cube Used S9.7 %
Ares Used 91.0 %
Fallet type EsT11
Length
Box (O 510.0
Product iozo.0
Load ii0o0.0
Creerhang —ano.0

1100

Fallet Group
Cases/ Trays/ Ovals

(020602 -0%F)

widch Height HNet
360.0 190.0 rmm 10.000
i0s0.0 1330.0 ran 4z0O.000
1100.0 1450.0 ran 441 .000
—-10.0 Toen

1430

1100

1100

1100

Product Narnes
Froduct Code
Datafile LName 440_330

Solution Ref. g ]
Cuke Tsed 93.8 %
Areas Tsed S6.0 %
Fallet type KST11
Length
Eox [L=lo3] 440.0
Froduct 1io00.0
Lo=d 1i100.0
Orrerhancg o.o

1100

Fallet Group
Cases/Tray/ Ovals

(0Z06—02-03)

Widch Height Net

F30.0 110.0 roo S.000

1100.0 1320.0 won 450 . 000

1i100.0 1470.0 mon S0O&.800
o.o reom

1470

1100

1100

1100

- 180 -

Box / Laver
Layer / Load
Box / Load

34

1100

Box /4 Laver
Lawyer / Load
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Product MNeme
Product Code
Dacafile Name
Solution Ref.
Cuke Tsed
Area Tsed
Fallet Type

Eox
Product
Load
Crrerhang

(oD
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Figure 105. Palletized box arrangement of standard boxes.
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// SafetyFactorDlg.cpp : implementation file
//

#include "stdafx.h”

#include "SafetyFactor.h”
#include "SafetyFactorDlg.h”
#include "ResultDlg.h”

#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = _FILE_;

#endif

#define DW_AB 10
#define SW_A 11
#define SW_B 12
#define SW_A_WT 5

#define SW_B_WT

#define ZTZO_TYPE 20
#define FOLDING_TYPE 21
#define GLUED_TYPE 22
#define BLOCK_ARRANGE 0.85
#define BRICK_ARRANGE 0.6
#define PIN_WHEEL_ARRANGE 0.5
#define OTHER_ARRANGE 0.5
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#define NO_MIS
#define PARALLEL_MIS
#define VERTICAL_MIS

#define DOMESTIC
#define OVERSEA

#define NO_PRINT
#define ALL_PRINT
#define PART_PRINT
#define LITTLE_PRINT

#define BAL_PLUS_CO
#define BAL_PLUS_RA
#define BAL_ONLY
#define NO_TREAT

#define LEVEL1
#define LEVEL2

#define LEVEL3

#define PRECISION

30
31
32

0.85
0.7

0.8
0.85
0.95

1.2

1.3
1.1

0.5
0.33
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// CAboutDlg dialog used for App About

class CAboutDlg : public CDialog
{
public:

CAboutDlg();

// Dialog Data
//{H{AFX_DATA(CAboutDlg)

enum { IDD = IDD_ABOUTBOX };
//}VAFX_DATA

// ClassWizard generated virtual function overrides
//H{AFX_VIRTUAL(CAboutDlg)

protected:

virtual void DoDataExchange(CDataExchange* pDX);
//}AFX_VIRTUAL

// Implementation

protected:
//H{AFX_MSG(CAboutDlg)
//VAFX_MSG
DECLARE_MESSAGE_MAP()

CAboutDIg::CAboutDlg() : CDialog(CAboutDlg::IDD)
{

//H{AFX_DATA_INIT(CAboutDlg)
//MYAFX_DATA_INIT

}
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void CAboutDlg::DoDataExchange(CDataExchange* pDX)
{

CDialog::DoDataExchange(pDX);
//H{AFX_DATA_MAP(CAboutDlg)

//VAFX_DATA_MAP

}

BEGIN_MESSAGE_MAP(CAboutDlg, CDialog)
//H{AFX_MSG_MAP(CAboutDIg)

// No message handlers

//IAFX_MSG_MAP

END_MESSAGE_MAP()

1111711710711 71171177171717171707 7777171717 17717771 7171717777777
// CSafetyFactorDlg dialog

CSafetyFactorDlg::CSafetyFactorDlg(CWnd* pParent /*=NULL%*/)

. CDialog(CSafetyFactorDlg::IDD, pParent)

{

//{H{AFX_DATA_INIT(CSafetyFactorDlg)

//VYAFX_DATA_INIT

// Note that LoadIcon does not require a subsequent Destroylcon in Win32
m_hlcon = AfxGetApp()->Loadlcon(IDR_MAINFRAME);

}

void CSafetyFactorDlg::DoDataExchange(CDataExchange* pDX)

{

CDialog::DoDataExchange(pDX);
//{H{AFX_DATA_MAP(CSafetyFactorDlg)

DDX_Control(pDX, IDC_COMBO_MIS_ARRANGE, m_Combo_Mis);
DDX_Control(pDX, IDC_EDIT_STATUS, m_Edit_Status);
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DDX_Control(pDX, IDC_COMBO_TREATMENT, m_Combo_Treatment);
DDX_Control(pDX, IDC_COMBO_STRUCTURE, m_Combo_Structure);
DDX_Control(pDX, IDC_COMBO_PRINTING, m_Combo_Printing);
DDX_Control(pDX, IDC_COMBO_MULTI, m_Combo_Multi);
DDX_Control(pDX, IDC_COMBO_DEST, m_Combo_Dest);
DDX_Control(pDX, IDC_COMBO_CYCLIC, m_Combo_Cyclic);
DDX_Control(pDX, IDC_COMBO_BOXTYPE, m_Combo_BoxType);
DDX_Control(pDX, IDC_COMBO_BOXSIZE, m_Combo_BoxSize);
DDX_Control(pDX, IDC_COMBO_ARRANGE, m_Combo_Arrange);
//VAFX_DATA_MAP

}

BEGIN_MESSAGE_MAP(CSafetyFactorDlg, CDialog)
//H{AFX_MSG_MAP(CSafetyFactorDlg)

ON_WM_SYSCOMMAND()

ON_WM_PAINT()

ON_WM_QUERYDRAGICON()

ON_BN_CLICKED(IDC_BUTTON_GETRESULT, OnButtonGetResult)
ON_CBN_SELCHANGE((IDC_COMBO_BOXTYPE, OnSelchangeComboBoxtype)
ON_CBN_SELCHANGE(IDC_COMBO_STRUCTURE, OnSelchangeComboStructure)
ON_CBN_SELCHANGE((IDC_COMBO_BOXSIZE, OnSelchangeComboBoxsize)
ON_CBN_SELCHANGE(IDC_COMBO_CYCLIC, OnSelchangeComboCyclic)
ON_CBN_SELCHANGE(IDC_COMBO_ARRANGE, OnSelchangeComboArrange)
ON_CBN_SELCHANGE(IDC_COMBO_DEST, OnSelchangeComboDest)
ON_CBN_SELCHANGE(IDC_COMBO_MULTI, OnSelchangeComboMulti)
ON_CBN_SELCHANGEIDC_COMBO_PRINTING, OnSelchangeComboPrinting)
ON_CBN_SELCHANGE(IDC_COMBO_TREATMENT,
OnSelchangeComboTreatment)

ON_BN_CLICKED(IDC_BUTTON_GET_WT, OnButtonGetWt)
ON_BN_CLICKED(IDC_BUTTON_GET_STR, OnButtonGetStr)
ON_EN_SETFOCUS(IDC_EDIT_NET_WT, OnSetfocusEditNetWt)
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ON_BN_CLICKED(IDC_BUTTON_GET_AVG, OnButtonGetAvg)
ON_BN_CLICKED(IDC_BUTTON_GET_STACKING_VAL,
OnButtonGetStackingVal)

ON_BN_CLICKED(IDC_BUTTON_GET_TIME, OnButtonGetTime)
ON_BN_CLICKED(IDC_BUTTON_GET_OVERHANG, OnButtonGetOverhang)
ON_CBN_SELCHANGE(IDC_COMBO_MIS_ARRANGE,
OnSelchangeComboMisArrange)

//IAFX_MSG_MAP

END_MESSAGE_MAP()

/1117171711717 77777171777 777777777177777777171717777717 717171777
// CSafetyFactorDlg message handlers

BOOL CSafetyFactorDlg::OnInitDialog()
{
CDialog::OnlnitDialog();

// Add "About...” menu item to system menu.

// IDM_ABOUTBOX must be in the system command range.
ASSERT((IDM_ABOUTBOX & 0xFFF0) == IDM_ABOUTBOX);
ASSERTIDM_ABOUTBOX < 0xF000);

CMenu* pSysMenu = GetSystemMenu(FALSE);
if (pSysMenu != NULL)

{

CString strAboutMenu;
strAboutMenu.LoadString (IDS_ABOUTBOX);

if (IstrAboutMenu.IsEmpty())

{
pSysMenu—>AppendMenu(MF_SEPARATOR);
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pSysMenu—>AppendMenu(MF_STRING, IDM_ABOUTBOX, strAboutMenu);

}
}

// Set the icon for this dialog. The framework does this automatically

// when the application’s main window is not a dialog

SetIcon(m_hIcon, TRUE);
Setlcon(m_hIcon, FALSE);

// TODO: Add extra initialization here

// level 1
m_blsStructure = false;

m_bIsBoxType = false;

// level 2

m_bIsNetWt = false;
m_blsGrossWt = false;
m_bIsNumOfBox = false;

m_bIsBasicCompression = false;

// level 3

m_bIsAvgHumidity = false;
m_blsGetAvgHumidity = false;
m_blIsCyclic = false;
m_blsTypeArrange = false;
m_blsArrange = false;
m_blsArrangeValue = false;
m_blIsGetArrangeValue = false;
m_bIsOverhang = false;

m_blIsGetOverhang = false;

// Set big icon

// Set small icon
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m_blsStorageTime = false;
m_blIsGetStorageTime = false;
m_blsDest = false;
m_bIsMulti = false;
m_blsPrinting = false;
m_blsTreatment = false;

// set init value

SetDlgltemInt(IDC_EDIT_ARRANGE_VALUE, 0);
SetDlgltemInt(IDC_EDIT_OVERHANG, 0);
OnButtonGetOverhang();

SetDlgltemInt(IDC_EDIT_STORAGE_TIME, 0);
OnButtonGetTime();

m_Combo_BoxSize.SetCurSel(0);

m_Combo_Arrange.SetCurSel(3);
OnSelchangeComboArrange();
m_Combo_Cyclic.SetCurSel(0);
OnSelchangeComboCyclic();

m_Combo_Printing.SetCurSel(0);
OnSelchangeComboPrinting ();
m_Combo_Multi.SetCurSel(0);
OnSelchangeComboMulti();

m_Combo_Treatment.SetCurSel(3);
OnSelchangeComboTreatment();
m_Combo_Mis.SetCurSel(0);
OnSelchangeComboMisArrange();
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//GetDlgltem(IDC_STATIC_CYCLIC)->SetDlgltemInt(
return TRUE; // return TRUE unless you set the focus to a control

void CSafetyFactorDlg::OnSysCommand(UINT nID, LPARAM 1Param)
{

if ((nID & OxFFFO0) == IDM_ABOUTBOX)
{

CAboutDlg dlgAbout;

dlg About.DoModal();

}

else

{

CDialog::OnSysCommand(nID, 1Param);

}

}

// If you add a minimize button to your dialog, you will need the code below
//  to draw the icon. For MFC applications using the document/view model,

// this is automatically done for you by the framework.

void CSafetyFactorDlg::OnPaint()

{

if (IsIconic())

{

CPaintDC dc(this); // device context for painting
SendMessage(WM_ICONERASEBKGND, (WPARAM) dc.GetSafeHdc(), 0);

// Center icon in client rectangle

int cxIcon = GetSystemMetrics(SM_CXICON);
int cylcon = GetSystemMetrics(SM_CYICON);
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CRect rect;

GetClientRect(&rect);

int x = (rect.Width() - cxIcon + 1) / 2;
int y = (rect.Height() - cylcon + 1) / 2;

// Draw the icon
dc.Drawlcon(x, y, m_hlcon);
}

else

{

CDialog::OnPaint();

}

}

// The system calls this to obtain the cursor to display while the user drags
// the minimized window.

HCURSOR CSafetyFactorDlg::OnQueryDraglcon()

{

return (HCURSOR) m_hIcon;

}

void CSafetyFactorDlg::OnButtonGetResult()

{

// TODO: Add your control notification handler code here
CResultDlg dlg(this);

if (CalResult()) {

/%

PrintLog(” ");

PrintLog("===<Total Factor Combined>===");
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CString strTmp;

strTmp.Format("NetWt(%d) * GrossWt(%.1f) * NumOfBox(%d) *
BasicCompression(%.1f)", m_dNetWt, m_dGrossWt, m_dNumOfBox,
m_dBasicCompression);

PrintLog(strTmp);

strTmp.Format(” * Avg(%.4f) * Cyclic(%d) * Arrange(%.4f) * Overhang(%.4f)",
m_dCalAvg, m_dCyclic, m_dCalArrange, m_dCalOverhang);
PrintLog(strTmp);

strTmp.Format("* Time(%.4f) * Dest(%.4f) * Multi(%6.4f) * Printing(%5.4f) =*
Treatement(%.4f)", m_dCalTime, m_dDest, m_dMulti, m_dPrinting,
m_dTreatement);

PrintLog(strTmp);

strTmp.Format("= %.5f", m_dTotalFactor);

PrintLog(strTmp);

*/

dlg.DoModal();

}

else

PrintLog("< !! ERROR !! > There are empty values... Enter all values.”);
}

void CSafetyFactorDlg::PrintLog(CString str)
{
CString strTemp = str;

strTemp += "\r\n”;

int len = m_Edit_Status.GetWindowTextLength();
m_Edit_Status.SetSel(len, len);
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m_Edit_Status.ReplaceSel(strTemp);
}

void CSafetyFactorDlg::OnSelchangeComboBoxtype()

{

// TODO: Add your control notification handler code here
int nIndex = m_Combo_BoxType.GetCurSel();

//CString str;

if (nIndex == 0) {
m_dBoxType = DW_AB;
m_bIsBoxType = true;

}

else if (nIndex == 1) {
m_dBoxType = SW_A;
m_bIsBoxType = true;

}

else if (nIndex == 2) {
m_dBoxType = SW_B;
m_bIsBoxType = true;

}

else {

//PrintLog ("< !l ERROR !! > In OnSelchangeComboBoxtype()");
m_bIsBoxType = false;
}

//OnButtonGetWt();
//OnButtonGetStr();
OnButtonGetAvg();
OnSelchangeComboDest();
OnSelchangeComboCyclic();
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OnSelchangeComboDest();
OnSelchangeComboPrinting ();

void CSafetyFactorDlg::OnSelchangeComboStructure()
{
// TODO: Add your control notification handler code here

int nIndex = m_Combo_Structure.GetCurSel();

if (nIndex == 0) {

m_dStructure = ZTZO_TYPE;
m_blsStructure = true;

}

else if (nIndex == 1) {
m_dStructure = FOLDING_TYPE;

m_blsStructure = true;

else if (nIndex == 2) {

m_dStructure = GLUED_TYPE;

m_blsStructure = true;

else {

//PrintLog ("< ! ERROR !! > In OnSelchangeComboStructure()”);

m_blsStructure = false;
void CSafetyFactorDlg::OnSelchangeComboBoxsize()

{
// TODO: Add your control notification handler code here

void CSafetyFactorDlg::OnSelchangeComboCyclic()
{
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// TODO: Add your control notification handler code here
int nIndex = m_Combo_Cyclic.GetCurSel();

if (nIndex == 0) {
m_dCyclic = 1,
m_blIsCyclic = true;

}

else if (nIndex == 1) {

if ((m_dBoxType == SW_A) || (m_dBoxType == SW_B)) {
m_dCyclic = 0.3;

m_blIsCyclic = true;

else if (m_dBoxType == DW_AB) {

m_dCyclic = 0.45;

m_blIsCyclic = true;

}

else {

//PrintLog ("< ! ERROR !! > In OnSelchangeComboStructure()”);
m_blIsCyclic = false;

}

}

else if ((nIndex >= 2) && (nIndex <= 5)) {

if ((m_dBoxType == SW_A) || (m_dBoxType == SW_B)) {
m_dCyclic = 0.3;
m_blIsCyclic = true;
)
else if (m_dBoxType == DW_AB) {
m_dCyclic = 0.4;

m_blIsCyclic = true;
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}

else {
//PrintLog("< !l ERROR !! > In OnSelchangeComboStructure()”);
m_blIsCyclic = false;

}

}

else {

//PrintLog ("< !l ERROR !! > In OnSelchangeComboStructure()”);
m_blIsCyclic = false;
}

CString strTmp;

if (m_bIsCyclic) {

strTmp.Format(”%.3f", m_dCyclic);

}

else {

strTmp.Format("Empty”);

}
GetDlgltem(IDC_STATIC_CYCLIC)->SetWindowText(strTmp);
}

void CSafetyFactorDlg::OnSelchangeComboArrange()

{
// TODO: Add your control notification handler code here

int nIndex = m_Combo_Arrange.GetCurSel();

if (nIndex == 0) {
m_dTypeArrange = BLOCK_ARRANGE;
m_blsTypeArrange = true;

}
else if(nlndex == 1) {

- 204 -



m_dTypeArrange = BRICK_ARRANGE;
m_blsTypeArrange = true;

}

else if(nIndex == 2) {
m_dTypeArrange = PIN_WHEEL_ARRANGE;
m_blsTypeArrange = true;

}

else if(nlndex == 3) {
m_dTypeArrange = OTHER_ARRANGE;
m_blsTypeArrange = true;

else {

m_blsArrange = false;

Void CSafetyFactorDlg::OnSelchangeComboMisArrange()

{
// TODO: Add your control notification handler code here
int nIndex = m_Combo_Mis.GetCurSel();

if (nIndex == 0) {
m_dArrange = NO_MIS;

m_blsArrange = true;
GetDlgltem(IDC_EDIT_ARRANGE_VALUE)->EnableWindow (false);
GetDlgltem(IDC_BUTTON_GET_STACKING_VAL)->EnableWindow (false);

}
else if(nlndex == 1) {
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m_dArrange = PARALLEL_MIS;

m_blsArrange = true;

GetDlgltem(IDC_EDIT_ARRANGE_VALUE)->EnableWindow (true);

GetDlgItem(IDC_BUTTON_GET_STACKING_VAL)->EnableWindow (true);
}

else if(nIndex == 2) {
m_dArrange = VERTICAL_MIS;

m_blsArrange = true;

GetDlgltem(IDC_EDIT_ARRANGE_VALUE)->EnableWindow (true);

GetDlgItem(IDC_BUTTON_GET_STACKING_VAL)->EnableWindow (true);
}
else {

m_blsArrange = false;

}

// ' NEED THIS !
OnButtonGetStacking Val();
}

void CSafetyFactorDlg::OnSelchangeComboDest()

{

// TODO: Add your control notification handler code here
int nindex = m_Combo_Dest.GetCurSel();

if (nIndex == 0) {
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if (m_dBoxType == DW_AB) { // DW
m_dDest = DOMESTIC,

m_bIsDest = true;

}

else if ((m_dBoxType == SW_A) || (m_dBoxType == SW_B)) { // SW
m_dDest = OVERSEA;

m_blsDest = true;

else
m_blsDest = false;
}

else if(nlndex == 1) {

if ((m_dBoxType == DW_AB) || (m_dBoxType == SW_A) ||
(m_dBoxType == SW_B)) { // don't care about box type

m_dDest = OVERSEA;

m_bIsDest = true;

}

else {

//PrintLog("< !l ERROR !! >: [SW] <--> [Overseal”);

m_blsDest = false;

else {
//PrintLog("< !l ERROR !! > In OnSelchangeComboDest()");
m_blsDest = false;

}

CString strTmp;
if (m_bIsDest) {
strTmp.Format(”%.3f", m_dDest);
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}

else {

strTmp.Format("Empty”);
}

GetDIgltem(IDC_STATIC_DEST)->SetWindow Text(strTmp);
}

void CSafetyFactorDlg::OnSelchangeComboMulti()
{

// 'TODO: Add your control notification handler code here

int nIndex = m_Combo_Multi.GetCurSel();

if (nIndex == 0) {
m_dMulti = LEVELI,;
m_bIsMulti = true;

}

else if(nIndex == 1) {
m_dMulti = LEVELZ;
m_bIsMulti = true;

}

else if(nIndex == 2) {
m_dMulti = LEVELS3;
m_bIsMulti = true;

else {

//PrintLog("< ! ERROR !! > In OnSelchangeComboMulti()");

m_bIsMulti = false;

void CSafetyFactorDlg::OnSelchangeComboPrinting()
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// 'TODO: Add your control notification handler code here
int nIndex = m_Combo_Printing.GetCurSel();

if (nIndex == 0) {
m_dPrinting = NO_PRINT;
m_blsPrinting = true;

}

else if (nIndex == 1) {
m_dPrinting = ALL_PRINT;
m_blsPrinting = true;

}

else if(nIndex == 2) {
m_dPrinting = PART_PRINT;
m_blsPrinting = true;

}

else if(nIndex == 3) {

m_dPrinting = LITTLE_PRINT;

m_blsPrinting = true;

/s
if (m_dBoxType == DW_AB) {
m_dPrinting = LITTLE_PRINT;
m_blsPrinting = true;
)
else {
PrintLog("< !! ERROR !! >: We have only the solution
about [DW] for [Part Printing]l”);

m_blsPrinting = false;
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}
else {
//PrintLog("< !l ERROR !! > In OnSelchangeComboPrinting()");

m_blsPrinting = false;

/%
CString strTmp;
if (m_bIsPrinting) {
strTmp.Format(”%.3f”, m_dPrinting);
}
else {
strTmp.Format("Empty”);
}
GetDlgltem(IDC_STATIC_PRINTING)->SetWindow Text(strTmp);
*/

void CSafetyFactorDlg::OnSelchangeComboTreatment()

{
// 'TODO: Add your control notification handler code here

int nIndex = m_Combo_Treatment.GetCurSel();

if (nIndex == 0) {
m_dTreatement = BAL_PLUS_CO;
m_blsTreatment = true;

}

else if(nIndex == 1) {

m_dTreatement = BAL_PLUS_RA,;
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m_blsTreatment = true;

}

else if(nIndex == 2) {
m_dTreatement = BAL_ONLY;
m_blsTreatment = true;

}

else if(nIndex == 3) {
m_dTreatement = NO_TREAT;
m_blsTreatment = true;

}

else {
//PrintLog("< ! ERROR !! > In OnSelchangeComboMulti()");

m_blsDest = false;

void CSafetyFactorDlg::OnButtonGetWt()
{
// TODO: Add your control notification handler code here
m_dNetWt = GetDlgltemInt(IDC_EDIT_NET_WT);
if (m_dNetWt > 0)
m_bIsNetWt = true;
else
m_bIsNetWt = false;

if (m_bIsNetWt) {

if (m_bIsBoxType == true) {
if (m_dBoxType == DW_AB) {
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OnButtonGetWt()");

else {

CString strTmp;

else {

m_dGrossWt = m_dNetWt + 0.5;
m_blsGrossWt = true;

}

else if(m_dBoxType == SW_A) {
m_dGrossWt = m_dNetWt + 0.3;
m_blsGrossWt = true;

}

else if(m_dBoxType == SW_B) {
m_dGrossWt = m_dNetWt + 0.2;
m_blsGrossWt = true;

}

else {
//PrintLog ("< i ERROR 3
m_bIsGrossWt = false;

}

PrintLog("<<Warning>>: Enter 'Box Type'");
m_bIsGrossWt = false;

PrintLog("<<Warning>>: Enter 'New Wt., kg'”);
m_bIsGrossWt = false;

if (m_bIsGrossWt)
strTmp.Format(”%.1f", m_dGrossWt);

else
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strTmp.Format("Empty”);
GetDlgltem(IDC_STATIC_GROSS_WT)->SetWindow Text(strTmp);

void CSafetyFactorDlg::OnButtonGetStr()
{
// 'TODO: Add your control notification handler code here

OnButtonGetWt();

m_dNumOfBox = GetDlgltemInt(IDC_EDIT_NUM_BOX);
if (m_dNumOfBox > 0)
m_bIsNumOfBox = true;
else {
m_bIsNumOfBox = false;
PrintLog("<<Warning>>: Enter 'Number of Boxes’ and it must
be grater than 1”);
}

if (m_bIsGrossWt && m_bIsNumOfBox) {

if (m_bIsNumOfBox) {
m_dBasicCompression =
m_dGrossWt(m_dNumOfBox-1);

m_bIsBasicCompression = true;

)

else {
PrintLog("<<Warning>>: Enter 'Number of Boxes'");
m_bIsBasicCompression = false;

)
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}
else {
PrintLog("<<Warning>>: Enter 'Gross Wt., kg'");

m_blsBasicCompression = false;

CString strTmp;
if (m_bIsBasicCompression)
strTmp.Format(”%.1f", m_dBasicCompression);
else
strTmp.Format("Empty”);
GetDlgltem(IDC_STATIC_BASIC_COMP)->SetWindow Text(strTmp);

void CSafetyFactorDlg::OnSetfocusEditNetWt()

{
// 'TODO: Add your control notification handler code here
//PrintLog("Selected”);

void CSafetyFactorDlg::OnButtonGetAvg()

{
// 'TODO: Add your control notification handler code here
OnButtonGetStr();

m_dAvgHumidity = GetDlgltemInt(IDC_EDIT_AVQG);
if (m_dAvgHumidity > 0)

m_bIsAvgHumidity = true;
else

m_blsAvgHumidity = false;
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if (m_bIsAvgHumidity) {
if (m_bIsBoxType) {

if (m_dBoxType == DW_AB) {
// do something
if (m_bIsStructure) {

if (m_dStructure == ZTZO_TYPE) {
m_dCalAvg =
(-0.0001)*m_dAvgHumidity*m_dAvgHumidity +  (0.0079)*m_dAvgHumidity +
(0.8939);
m_blsGetAvgHumidity = true;

else if(m_dStructure ==
FOLDING_TYPE) {
m_dCalAvg =
(-0.0002)*m_dAvgHumidity*m_dAvgHumidity + (0.0177)*m_dAvgHumidity +
(0.6103);
m_blsGetAvgHumidity = true;
)
else if(m_dStructure == GLUED_TYPE)

m_dCalAvg =
(-0.0003)*m_dAvgHumidity*m_dAvgHumidity + (0.0301)*m_dAvgHumidity +
(0.2117);
m_blsGetAvgHumidity = true;
)
else {
//PrintLog("< !! ERROR !! >
In OnButtonGetAvg()");
m_blsGetAvgHumidity = false;
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}
else {
PrintLog("<<Warning>>: Enter

'Structure’”);

}
else if (m_dBoxType == SW_A) {
if (m_bIsStructure) {

if (m_dStructure == ZTZO_TYPE) {
m_dCalAvg =
(-0.0002)*m_dAvgHumidity*m_dAvgHumidity + (0.0195)*m_dAvgHumidity +
(0.6134);
m_blsGetAvgHumidity = true;

else if(m_dStructure ==
FOLDING_TYPE) {
m_dCalAvg =
(-0.0004)*m_dAvgHumidity*m_dAvgHumidity +  (0.0464)*m_dAvgHumidity -
(0.2979);
m_blsGetAvgHumidity = true;
)
else if(m_dStructure == GLUED_TYPE)

m_dCalAvg =
(-0.0005)*m_dAvgHumidity*m_dAvgHumidity + (0.0568)*m_dAvgHumidity -
(0.5948);

m_blsGetAvgHumidity = true;

else {
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//PrintLog("< !! ERROR !l >
In OnButtonGetAvg()");
m_blsGetAvgHumidity = false;

}

else {
PrintLog("<<Warning>>: Enter

'Structure’”);

}
else if (m_dBoxType == SW_B) {
if (m_bIsStructure) {

if (m_dStructure == ZTZO_TYPE) {

m_dCalAvg =
(0.0001)*m_dAvgHumidity*m_dAvgHumidity -  (0.0322)*m_dAvgHumidity = +
(2.2754);
m_blsGetAvgHumidity = true;
)
else if(m_dStructure ==
FOLDING_TYPE) {
m_dCalAvg =
(0.0002)*m_dAvgHumidity*m_dAvgHumidity -  (0.0376)*m_dAvgHumidity = +
(2.4404);
m_blsGetAvgHumidity = true;
)
else if(m_dStructure == GLUED_TYPE)
{
m_dCalAvg =
(0.00005)*m_dAvgHumidity*m_dAvgHumidity -  (0.0203)*m_dAvgHumidity +
(1.8831);
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m_blsGetAvgHumidity = true;

)
else {
//PrintLog("< !! ERROR !! >
In OnButtonGetAvg()");
m_blsGetAvgHumidity = false;
)
}
else {
PrintLog("<<Warning>>: Enter
'Structure’”);
m_blsGetAvgHumidity = false;
}
}
)
else {
PrintLog("<<Warning>>: Enter 'Box Type'");
m_bIsGetAvgHumidity = false;
)
}
else {
PrintLog("<<Warning>>: Enter 'Avg. Relative Humidity'");
m_blsGetAvgHumidity = false;
}

CString strTmp;
if (m_bIsGetAvgHumidity)
strTmp.Format("%.3f", m_dCalAvg);
else
strTmp.Format("Empty”);
GetDlgltem(IDC_STATIC_AVG)->SetWindow Text(strTmp);
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void CSafetyFactorDlg::OnButtonGetStackingVal()

{
// TODO: Add your control notification handler code here
m_dArrangeValue = GetDlgltemInt(IDC_EDIT_ARRANGE_VALUE);
if ((m_dArrangeValue >= 0) && (m_dArrangeValue <= 100)) {
//m_dArrangeValue *= 0.01; /] %
m_blsArrangeValue = true;
}
else {
m_blsArrangeValue = false;
PrintLog("<<Warning>>: 0% ~ 100% ONLY");
}
if (m_bIsArrangeValue == true) {
if (m_bIsArrange == true) {
if (m_dArrange == NO_MIS) {
m_dCalArrange = 1,
m_blIsGetArrangeValue = true;
}
else if (m_dArrange == PARALLEL_MIS) {
m_dCalArrange
(0.0025)*m_dArrangeValue*m_dArrangeValue -  (0.0907)*m_dArrangeValue
(1.2575);

m_blsGetArrangeValue = true;
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else if (m_dArrange == VERTICAL_MIS) {
m_dCalArrange =

(0.0007)*m_dArrangeValue*m_dArrangeValue -  (0.041)*m_dArrangeValue +
(0.9007);
m_blsGetArrangeValue = true;
}
else {

//PrintLog ("< " ERROR " > In
OnButtonGetStackingVal()”);

m_blsGetArrangeValue = false;

/%
if (m_dCalArrange < 0)
m_dCalArrange = 1 + m_dCalArrange;

else

m_dCalArrange = 1 - m_dCalArrange;
%/

CString strTmp;
strTmp.Format(”%.4f", m_dCalArrange);

GetDlgltem(IDC_STATIC_STACKING)->SetWindow Text(strTmp);

)

else {
PrintLog("<<Warning>>: Enter ’'Stacking Pattern’");
m_blIsGetArrangeValue = false;

)

else {
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PrintLog("<<Warning>>: Enter 'Stacking Value'");
m_blsGetArrangeValue = false;

void CSafetyFactorDlg::OnButtonGetTime()
{
// TODO: Add your control notification handler code here

m_dStorageTime = GetDlgltemInt(IDC_EDIT_STORAGE_TIME);
if (m_dStorageTime >= 0)

m_blsStorageTime = true;
else

m_blsStorageTime = false;

if (m_bIsStorageTime) {

if (m_dStorageTime == 0) {
//m_dCalTime = 0.8;
m_dCalTime = 1;
m_blIsGetStorageTime = true;

)

else if ((m_dStorageTime > 0) && (m_dStorageTime <= 3)) {
m_dCalTime = 0.5;
m_blIsGetStorageTime = true;

)

else if ((m_dStorageTime > 3) && (m_dStorageTime <= 10)) {
m_dCalTime = 0.6;

m_blIsGetStorageTime = true;
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else if (m_dStorageTime > 10) {
m_dCalTime = 0.5;

m_blIsGetStorageTime = true;

}

else {
//PrintLog("< !l ERROR !! > In OnButtonGetTime()");
m_blIsGetStorageTime = false;

}

else {
PrintLog("<<Warning>>: Enter 'Storage Time’");
m_blsGetStorageTime = false;

CString strTmp;
if (m_bIsGetStorageTime)
strTmp.Format("%.3f", m_dCalTime);
else
strTmp.Format("Empty”);
GetDlgltem(IDC_STATIC_TIME)->SetWindow Text(strTmp);

bool CSafetyFactorDlg::CalResult()
{
if ( m_bIsStructure && m_bIsBoxType && m_bIsNetWt &&
m_blsGrossWt  && m_bIsNumOfBox && m_blsBasicCompression &&
m_blIsTypeArrange && \
m_blsAvgHumidity && m_blsGetAvgHumidity && m_bIsCyclic
&& m_blsArrange && m_blsArrangeValue && m_blsGetArrangeValue && \
m_blsGetOverhang && m_blsOverhang && m_blsStorageTime
&& m_blsGetStorageTime && m_blsDest && m_bIsMulti && m_blsPrinting &&
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m_blsTreatment) {

// do something
//m_dTotalFactor =

m_dNetWt*m_dGrossWtxm_dNumOfBox*m_dBasicCompression*m_dCalAvg*m_dC

yclic*m_dCalArrange*m_dCalOverhang*\

//

m_dCalTime*m_dDest*m_dMulti*m_dPrinting*m_dTreatement;

PRECISION);

//m_dCalArrange = ( 263.0/300.0 );

//m_dCalOverhang = 1;

m_dCalAvg = GetFixedPoint(m_dCalAvg, PRECISION);
m_dCyclic = GetFixedPoint(m_dCyclic, PRECISION);
m_dTypeArrange = GetFixedPoint(m_dTypeArrange,

m_dCalArrange = GetFixedPoint(m_dCalArrange, PRECISION);
m_dCalOverhang = GetFixedPoint(m_dCalOverhang, PRECISION);
m_dCalTime = GetFixedPoint(m_dCalTime, PRECISION);
m_dDest = GetFixedPoint(m_dDest, PRECISION);

m_dTotalFactor = m_dCalAvg * m_dCyclic;

m_dTotalFactor = GetFixedPoint(m_dTotalFactor, PRECISION);
m_dTotalFactor *= m_dTypeArrange;

m_dTotalFactor = GetFixedPoint(m_dTotalFactor, PRECISION);
m_dTotalFactor *= m_dCalArrange;

m_dTotalFactor = GetFixedPoint(m_dTotalFactor, PRECISION);
m_dTotalFactor *= m_dCalOverhang;

m_dTotalFactor = GetFixedPoint(m_dTotalFactor, PRECISION);
m_dTotalFactor *= m_dCalTime;

m_dTotalFactor = GetFixedPoint(m_dTotalFactor, PRECISION);
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m_dTotalFactor *= m_dDest;

m_dTotalFactor = GetFixedPoint(m_dTotalFactor, PRECISION);
m_dTotalFactor *= m_dMulti;

m_dTotalFactor = GetFixedPoint(m_dTotalFactor, PRECISION);
m_dTotalFactor *= m_dPrinting;

m_dTotalFactor = GetFixedPoint(m_dTotalFactor, PRECISION);
m_dTotalFactor *= m_dTreatement;

m_dTotalFactor = GetFixedPoint(m_dTotalFactor, PRECISION);

if ( m_dBasicCompression != 0) {
m_dBoxStrength = m_dBasicCompression /
m_dTotalFactor;
m_dBoxStrength = GetFixedPoint(m_dBoxStrength,
PRECISION);
)
else {
PrintLog(”< !! Critical ERROR !! > The value of 'Total
factor combined’ is 0");

return false;

if ( m_dBasicCompression != 0) {

m_dSafetyFactor = m_dBoxStrength /
m_dBasicCompression;
m_dSafetyFactor = GetFixedPoint(m_dSafetyFactor,
PRECISION);
}
else {

PrintLog("< ! Critical ERROR !! > The value of 'Basic

Compression Str’ is 0);

- 224 -



return false;
}
return true;
}
else {

return false;

void CSafetyFactorDlg::OnButtonGetOverhang()
{
// 'TODO: Add your control notification handler code here
m_dOverhang = GetDlgltemInt(IDC_EDIT_OVERHANG);
if ((m_dOverhang >= 0) && (m_dOverhang <= 100)) {
//m_dOverhang *= 0.01; // %

m_blsOverhang = true;

else {
m_blsOverhang = false;

PrintLog("<<Warning>>: 0% ~ 100% ONLY");

if (m_bIsOverhang == true) {

if (m_dOverhang == 0) {
m_dCalOverhang = 1,
m_blIsGetOverhang = true;
)
else {
m_dCalOverhang = (0.0002)*m_dOverhang*m_dOverhang
- (0.0118)*m_dOverhang + (0.8287);
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m_blIsGetOverhang = true;

CString strTmp;
strTmp.Format(”%.4f”, m_dCalOverhang);

GetDlgltem(IDC_STATIC_OVERHANG)->SetWindow Text(strTmp);
else {

PrintLog("<<Warning>>: Enter 'Overhang Value'”);
m_blIsGetOverhang = false;

double CSafetyFactorDlg::GetFixedPoint(double flotingValue, int precision)
{

if (precision > 6 || flotingValue < 0) {

PrintLog("<<=error=>>");

return 0;

int tmpPre = 1,

for (int i=0; i<precision; ++i) {

tmpPre *= 10;

int tmpVal = (int)(flotingValue * tmpPre);
double ret = tmpVal / ((double)tmpPre);

return ret,

- 226 -



	과채류 포장용 골판지 상자의 안전계수 규격화 및 설계 프로그램구축
	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	제 1 절 연구개발의 목적
	1. 연구개발 목표와 내용

	제 2 절 연구개발의 필요성 및 범위
	1. 연구개발의 필요성
	2. 연구개발의 범위


	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발수행 내용 및 결과
	제 1 절 이론적, 실험적 접근방법
	제 2 절 연구내용
	1, 국내 과실 및 채소류 포장용 골판지 상자의 종류 및 유통환경 분석
	2. 포장용 골판지의 물리적 성질 측정과 변화 분석
	3. 대상 품목 포장용 골판지의 Accelerated creep의 측정
	4. 순환습도와 골판지의 물리적 강도
	5. 대상 품목의 포장용 골판지 상자의 적정 안전계수 산출 및 제조

	제 3 절 연구결과
	1. 안전계수 산출 결과
	2. 환경조건에 따른 상자의 압축강도 및 안전계수 추정 프로그램 개발
	3. 대상 품목의 포장 표준규격


	제 4 장 목표달성도 및 관련분야에의 기여도
	제 1 절 연구개발목표의 달성도
	제 2 절 관련분야 기술발전에의 기여도
	1. 국내 농산물 포장용 골판지 상자의 종류 및 유통환경 분석
	2. 농산물 포장용 골판지의 안전계수 측정과 가공처리에 따른 변화 분석
	3. 개발 대상 골판지 상자의 일반 안전계수와 Accelerated creep하에서의 안전계수의 산출 및 비교
	4. 국내 골판지 포장을 위한 실용적 안전계수 산출 프로그램을 위한 기본 프로그램의 구축


	제 5 장 연구개발결과의 활용계획
	제 1 절 추가연구의 필요성
	1. 다양한 내용물 특성 및 유통특성에 따른 안전계수 산출
	2. 포장재료의 다양성에 따른 보완 연구
	3. 압축강도 및 안전계수 산출프로그램의 활용 및 기술이전

	제 2 절 타연구에의 응용

	제 6 장 참고문헌
	※ 부록: 안전계수 산출 프로그램 소스



