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Designing Racks for Transporting Flat Glass Products in a
Construction Industry

Kyung Jin Kwon * Soondo Hong + Kap Hwan Kim
Department of Industrial Engineering Pusan National University

A glass product manufacturing company transports a large number of flat glass products from a manufacturing
firm to a building construction site. The products are transported using specially designed racks, which assure
fewer glass breakages during the deliveries. This study determines the sizes of the racks which minimize the
total logistics cost including costs for rack purchasing, handling, transportation, and inventory costs. The
determination of the rack size should consider tradeoff relationships between the amount of glasses piled in a
rack and the number of racks loaded on a truck, and affects the required number of racks and the truck
operational cost. A truck loading algorithm is proposed to maximize a high truck utilization, and an enumeration
method is proposed to determine the optimal combination of rack sizes considering the total logistics cost. The
numerical example is solved by using a real data.
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Figure 1. Delivery Process in the ‘Laminated & tempered’ Glass Manufacturing Company
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Figure 2. A Conceptual Layout of the New Rack

Figure 3. Detail Function of the New Rack
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3.1 AA) &5 98- 183 9 £ A =)(Rack Selection
based on Total Logistics Cost(RSTLC))

Step 1: Generate
candidates of rack using
data of flat glass

[

Step 2: Generate set of
rack candidates

Consider the next set
of rack

37 Could all produtt-be
oaded in the selected set of rack
candidates?

Step 4: Decide the rack
that will be used

[

Step 5: Decide rack
loading pattern in the
truck

[

Step 6: Calculate the total
cost

€5 7. Is the calculation
conducted during planned
period?

Consider the next day
ata

Step 8: Compare the cost
and save the set of rack
candidates?

No

=p 9: Is the calculal
conducted about all set of rack
candidates?

Step 10: Propose the
solution that has minimum
cost

Figure 4. RSTLC Algorithm
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3.2 o)1) & A A <318]F(Two-dimensional Rack Loading
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Candidate Space ]
Procedure 1
‘ Candidate Space 1
Candidate Space 1 Candidate Candidate
Space 2 —_— Space 2
Procedure 2 Proced
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I

Rack?

Racks

.

Candidate
Space 3
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Procedure 4

Conclusion

Figure 5. An Example of the Loading Procedure
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3.3 Pairwise Neighborhood Search Algorithm

TRLAGA AAE 27181E AdAI717] Hete Pairwise
neighborhood search algorithm S A| A3t A T}, Fel 28 &g
Zoll A AN A AR AAEAME o] &3t TheFE A A
HE S e AT Hapes ofo} 2 FEIAER
UERH -

Algorithm Pairwise neighborhood search(S)
Input : Array S of initial loading pattern’s sequence
Output : Loading rate of truck
n = length of Array S
BestSolution = Loading rate of initial loading pattern
BestSequence =S
z=0
for i=0tondo
for j=i+1 ton do
if S[i] = S[j] then
continue
else
temp = S[i]
S[i] = S[j]
S[j] = temp
Tempsolution = Loading(S)
if ~ BestSolution < Tempsolution then
BestSolution = Tempsolution
BestSequence = S
zZ++
if z>0 then
Pairwise neighborhood search(S)
else
return BestSolution

Pairwise neighborhood searchE F-3ke] TheFdt AAlEA &
AT e WY A dugES o] &t AAud e 2
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Table 2. Set of Available Rack Types
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Figure 6. Demand Trend During One Month
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Table 1. Parameters and their Values
Parameters Values measure
P 0.1 ratio
Ty 209,302 won/rack
T, 0.15 won/mm’
t 521(365x5x6/7x1/3) unit
h 60,000 won/hour
c 20 racks/hour
f 60,000 won
v 700 won/km
d 100 km
5 21,060,000 mm’

Rack type Length(mm) Depth(mm)
1 1,286 780
2 1,286 1,170
3 1,286 2,340
4 1,500 780
5 1,500 1,170
6 1,500 2,340
7 1,800 780
8 1,800 1,170
9 1,800 2,340
10 2,250 780
11 2,250 1,170
12 2,250 2,340
13 3,300 780
14 3,300 1,170
15 3,300 2,340
<Table 2>l AINE FH AEL 11t EYL 7|E0 2 27
HlolE & aejste] Y43 Ao FHoth AT El% T
g9 3715 #dste Aol 57k olw AR 7hed fel 9
Fe 2Ass 27T 2d8e F 157}114 TE KA
A3t

1714 59 A& A3 T Aolst Fo 747z}
3,300mm, 2,340mm <] F 0.2 & Gt LY of drh= A7}
ustth 2714 F/Y F& AH8ste A-$o£(1,500, 2,340),
(3,300, 2,340)¢] A==, 37kA FFHY IE& AHEshE 49
(1 286, 2 340) (2,250, 2,340, (3,300, 2,340)2] HEZ 47}
Fo e ARt 7ol (1,286, 2,340), (1,500, 2,340),
(2,250, 2,340), (3,300, 2,340)%] FEZ, 5714 7Y H& A
£3H= A$ollE= (1,286, 2,340), (1,500, 2,340), (1,800, 2,340),
(2,250, 2,340), (3,300, 2,340)2] FEZ +9E of v o] HA
7F HAT AL AR 1I7FARE 57EA F79 Fs AHEEL
A A7 12%,94%, 456%, 91.9%, 67727 225
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Table 3. Summary of the experimental results
Number of | Optimum rack | Number of used |Glass loading rate | Rack rental | Rack handling Rack Total
rack types combination racks per type inside the rack cost costs transportation cost costs
1 [15] [298] 35.21% 877,918 1,788,000 1989107 | 2.256 107
2 [6, 15] [198, 97] 56.10% 598,634 1,770,000 1.079 % 107 1.316x 107
3 [3, 12, 15] [142, 135, 19] 63.06% 547,448 1,776,000 0.929 107 1.161x 107
4 [3, 6, 12, 15] |[142, 49, 85, 19] 67.88% 517,411 1,770,000 0.886 107 1.115x 107
5 [3, 6, 9, 12, 15] |[142, 48, 13, 53, 19] 75.27% 470,555 1,650,000 0.833x 107 1.045x 107
L g 71A Ao|E AL v 3 279 Zk ALgsithE 7} Table 4. Summary of the TRLA’s Result
Aol 11t EF e o2 de o) Zol7}t F 55771 Track's total | Used o
; ruck’s tota sed area mpty area
ZAste 72 xaﬂo /\/\5110_?_&1?5/k Dat
“J»}ﬁ &(]EHSZ} ]: SEAZHS AT e area(10cm’) (10cm?) (10cm?)
54 A9 AT BT o)} 71 Fo Ad gt dolz} : s - —
(EDREEEE PP ER O EREC ’ ’
. 2 10,350 9,821 529
A eS doAAA k. sHA S H & F7]8 A4S 0 E ’ ’
9 U 9 A4 e pteld FiE AAH] W olvt ’ 0210 89 L
71 A& ALl T EF U Ao AR EL 23 =917 o 4 6,210 5,037 1,173
2o o) g3t A7} Ukt s A e 4= 9t} 5 8,280 6,141 2,139
6 10,350 8,648 1,702
43 Z:],ZH %_]—LE]% e 3§7]' 7 4,140 2,208 1,932
8 10,350 8,142 2,208
Ho A AN AAHE S 2= T AEH G Z0
qLd?ﬂiﬂlﬂqﬂhgi : ia ~;E1auj 9 8,280 6,141 2,139
AewW 712 o5l EE A A 3 glo|EHE B
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Table 5. Summary of the Pairwise Neighborhood Search

Algorithm Result
Is bett
Optimum rack |Number of used .s ¢ er.
Date combination acks per tvpe solution obtained?
inati ¥ r
per yp (Yes/No)
6 (3, 6,9, 12, 15]|[10, 1, O, 3, 2] No
12 (3, 6,9, 12, 15]| [8, 6, 2, 3, 2] No
14 (3, 6,9, 12, 15]| 9, 4, 0, 3, 1] No
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