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ABSTRACT

Warehouse management system of fruit juice beverages was investigated in
order to improve the performance. The random-based storage and ground storage method were
the main causes of inefficient space utilization and low efficiency. A new warehouse layout
designed by volume-based storage, racking systems and the Pareto analysis were proposed and
applied to a new warehouse management system. In addition, the improvement of management
system was compared among a present style, the P style (Drive-in rack and Selective rack), the R
style (Drive-in rack and Flow rack with 70% utilization), the S style (Drive-in rack and Flow
Rack with 80% utilization). The analysis conducted on the following areas: (1) warehouse
efficiency; (2) warehouse performance simulation; and (3) investment analysis. The racking
systems significantly increased the warehouse volume efficiency by 31-38%. The S style offered
the best warehouse efficiencies; the warehouse performance simulation, however, indicated the S
style utilized the longest picking time. Overall, the analysis findings indicated that the R style
using racking systems (Drive-in rack and Flow rack) was considered the best warehouse

management system for fruit juice beverages warehouse.
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Figure 7. Mobile selective rack

11: T. M Industry Co., Ltd. (2008) (b)
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A17: Steel King Industries Inc. (2008) (b)
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Table 2. Amount of product

Amount of product
Type of product
Unit per carton* Carton per pallet
alo 420 100
al6 48 78
al, a2, a3, a6, all, al2 72 55
b13** 420 78
b08, b14, b15** 420 48
cl —c7** 96 50
dl —d3, ds, d8, do** 96 50
el —e7** 48 52
f1, £2, {5 36 50
gl 20 50
Note: *  Unit is bottle or cup or tube.

** Stacking height depends on the characteristics of product
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Move product to assign indoor area by
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Figure 18. Flowchart of product storage
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Table 3. Average pallet height of products

Type of product | Pallet height of product (m) | Amount of pallet in storage (pallet) | (m x pallet)
g 1.58 60.00 97.20

d 2.86 120.00 360.00

e 3.1 360.00 1,224.00

f 1.45 120.00 192.00

a 1.63 300.00 489.00

b 2.52 860.00 2,408.00
Special products 2.19 180.00 421.50
Average pallet height (m) 2.60
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Table 4. Distance and time of current warehouse (at forklift speed of 8 km/hr)

Begin End Distance (m) Time (min)
Area al Docking area 268 2.01
Area a2 Docking area 336 2.52
Area bl Docking area 288 2.16
Area b2 Docking area 312 2.34
Area b3 Docking area 376 2.82

Areac Docking area 374 2.81

Aread Docking area 376 2.82
Area el Docking area 220 1.65
Area e2 Docking area 204 1.53

Area f Docking area 236 1.77
Area g Docking area 400 3.00

Unloading left Areaal 172 1.29
Unloading right Area a2 240 1.80
Unloading right Area bl 192 1.44
Unloading right Area b2 216 1.62
Unloading right Area b3 280 2.10

Unloading left Area c 278 2.09
Unloading right Area d 170 1.28

Unloading left Areacel 124 0.93

Unloading left Area e2 108 0.81

Unloading left Area f 280 2.10
Unloading right Area g 304 2.28
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Table 5. Material handling of moving product from unloading to storage area

Type Amount (forklift No. of product per carry Shift
or truck) (pallet/time)
Forklift 1 1 7.00am — 7.00pm

7.00pm — 7.00am

Truck 1 20% < 7.00am — 7.00pm

7.00pm — 7.00am

Note: * No. of pallet per carry may vary depending on the characteristics of product and production rate

Table 6. Material handling of moving product from storage to docking area

Type Amount (forklift | No. of product per carry Shift
or truck) (pallet/time)
Forklift 1 1 7.00am — 5.00pm
1 1 8.00am — 6.00pm
1 1 9.00am — 6.00pm
1 1 3.00pm — 0.00am
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Table 7. Classification of product by sales volume

Class A Class B Class C
a0l al6 a06 c02 e05 al2
e01 do1 bl4 bl13 c05 dos
01 e02 dog all 201 c04
bl5 do2 a03 alo c06 do9
c01 a02 e03 c03 02 e07
b08 do3 e05 e06 e04 c07

a d v a Y o A [y
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Table 8. Average demand and standard deviation of demand (Average lead time of 1 day)

Product Average Demand(carton/day) | Standard deviation of demand (carton/day)
a0l 10,400 3,870
e01 8,340 1,910
01 5,070 2,050
bl5 4,550 1,390
c01 1,820 514
b08 1,260 552

Table 9. Safety stock level of product class A (Average lead time of 1 day)

Product Safety stock level (carton/day)
a0l 20,763
e01 15,878
01 10,255
bl5 8,865
c01 4,929
b08 2,585
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Table 10. Efficiencies of proposed warehouse designs layouts

Warehouse efficiencies Current P R S
Square meter of areas (mz) 4,992 4,056 4,200 5,400
Efficiency of square meter area (%) 77.04 62.59 64.81 83.33
Utilization of volume (m3) 16,896 38,856 39,160 42,696
Efficiency of volume (%) 30.57 70.27 70.82 77.21
Amount of pallet 2,000 6,528 6,530 7,476
(3,000%)
Volume per pallet 8.45 5.95 6.00 5.71

Note: * Total product storage including outdoor storage per day
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Table 11. Assigned amount of product class A in warehouse designs

Capacity of warehouse (Carton)
Product

P R S
a0l 43,560 44,880 44,880
e01 37,440 42,432 35,360
01 25,200 27,200 23,800
bl5 20,160 26,112 19,584
c01 10,800 20,400 17,000
b08 6,912 6,528 6,528
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Table 12. Arrival rate of product storage

Variable Arrival rate of product storage (carton/day)*
a0l (NORM(413,172)) x 0.18
e01 (TRIA(104, 491, 657)) x 0.14
01 (TRIA(200, 425, 650)) x 0.11
bl5 (NORM(326, 161)) x 0.16
c01 (NORM(348, 161)) x 0.05
b08 (TRIA(60, 179, 696)) x 0.04

Note: * Distribution x Probability

Table 13. Arrival rate of order

Variable Arrival rate of order (carton/day)*
a0l (EXPO(191)) x 0.30
e01 (EXPO(93.6)) x 0.19
01 (EXPO(77.8)) x 0.13
bl5 (EXPO(95.3)) x 0.13
c01 (EXPO(32.9)) x 0.05
b08 (EXPO(34.1)) x 0.03

Note: * Distribution x Probability
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Table 14. Forklift schedule of current warehouse layouts (Schedule 1)

Forklift Shift
F 1-1 7.00am — 5.00pm
F1-2 8.00am — 6.00pm
F 1-3 9.00am — 6.00pm
F 1-4 3.00pm — 0.00am

Table 15. Forklift schedule of proposed warehouse designs layouts (Schedule 2)

Forklift Shift
F 2-1 7.00am — 5.00pm
F 2-2 8.00am — 6.00pm
F 2-3 9.00am — 6.00pm

Table 16. Distance of moving product between unloading and storage area of current warechouse

Product Begin End Distance (m) Time (min)
b08 Unloading right Area b3 52 0.39
bl5 Unloading right Area b2 36 0.27
e01 Unloading left Area el 20 0.15
01 Unloading left Area f 20 0.15

Class A Unloading left Area Mix 12 0.09

Table 17. Distance of moving product between storage and docking area of current warehouse

Product Begin End Distance (m) | Time (min)
b08 Area for storage product type b Docking area 376 2.82
bl5 Area for storage product type b Docking area 312 2.34
e01 Area for storage product type e Docking area 220 1.65
01 Area for storage product type f | Docking area 236 1.77

Class A | Outdoor storage area for products | Docking area 232 1.74
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Table 18. Distance of moving product between unloading and storage area of P warehouse

Product Begin End Distance (m) | Time (min)
a0l Unloading 1 | Area for storage product type a0l 49 0.20
b08 Unloading 1 | Area for storage product type b08 66 0.09
bl5 Unloading 2 | Area for storage product type bl5 12 0.11
e01 Unloading 1 | Area for storage product type e01 12 0.20
c01 Unloading 1 | Area for storage product type c01 58 0.08
01 Unloading 1 | Area for storage product type {01 40 0.09

Class A Unloading | Outdoor storage area for products 12 0.09

outdoor

Table 19. Distance of moving product between storage and docking area of P warehouse

Product Begin End Distance (m) | Time (min)
a0l Area for storage product type a0l | Docking area 175 1.29
b08 Area for storage product type b08 | Docking area 266 1.50
bl5 Area for storage product type b15 | Docking area 204 1.71
e01 Area for storage product type €01 | Docking area 210 1.90
c01 Area for storage product type cO01 | Docking area 258 1.26
01 Area for storage product type f01 | Docking area 240 1.43

Class A | Outdoor storage area for products | Docking area 232 1.74
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@) szeznalumsiadeudodua1an Output station R1 l1dga

Table 20. Distance of moving product between unloading and storage area of R warehouse

Product Begin End Distance (m) | Time (min)
Class A Input station R1 R1 44 0.33
Class A | Outdoor storage area for products | Outdoor 12 0.09

Table 21. Distance of moving product between storage and docking area of R warehouse

Product Start area Finish area Distance (m) | Time (min)
Class A Output station R1 Docking area 44 0.33
Class A | Outdoor storage area for products | Docking area 232 1.74
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@) szeznielumsindeudoduf1nin Output station S1 Ty

Table 22. Distance of moving product between unloading and storage area of S warehouse

Product Begin End Distance (m) | Time (min)
Class A Input station S1 S1 36 0.27
Class A | Outdoor storage area for products | Outdoor 12 0.09

Table 23. Distance of moving product between storage and docking area of S warehouse

Product Begin End Distance (m) | Time (min)
Class A Output station S1 Docking area 228 1.70
Class A | Outdoor storage area for products | Docking area 232 1.74
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Table 24. Capacity of warehouse

Capacity of warehouse (carton)
Product

Current P01 RO1 S01 R02, R03 | S02, S03
a0l 0* | 43,560 | 44,880 | 44,880 44,880 41,140
e01 24,960 | 37,440 | 42,432 | 35,360 70,720 74,256
01 6,000 | 25,200 | 27,200 | 23,800 74,750 71,500
bl5 23,040 | 20,160 | 26,112 [ 19,584 71,760 68,640
c01 0* | 10,800 | 20,400 | 17,000 27,200 27,500
b08 11,520 6,912 6,512 6,528 26,112 26,112

Note: * no storage area assigned indoor
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Figure 28. Create module (No.1) for 1" warehouse simulation model
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Figure 31. Assign module (No.4) for 1" warehouse simulation model
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Figure 32. Decide module (No.5) for 1" warehouse simulation model
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Figure 34. Process module (No.7) for 1" warehouse simulation model
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Figure 36. Assign module (No.10) for 1" warehouse simulation model
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|

Add...

U

M08 Decide (M3181A%Y 15) ¥o11UIWE0Y “InhouseA Enough” fnrnidadaula
U 4
duimmeluadsduduiisanenviSunaduilumidedonsely Taoldgas inhouseA >=
. a 9 v A A o ] 1 (=]
itemA vndufnieluadaliissnovzuen lifamisedesvnuneny 16 winliieamerzuen

Td§anregosvianeay 21

Decide

Type: |
j |2-way b Ennditinnﬂ
If: M amed: s
|‘«-farial:ule ﬂ |inhouse.f-‘« j vz ow
W alue;
|ibem

0k | Cancel Help

Figure 41. Decide module (No.15) for 2" warehouse simulation model



1 [ 4 ] 1 < ] 1 ) o
NUIYYDY  Assign (MW1EQY  16) ‘dﬁﬂﬁuﬂﬂﬂﬂﬂ “CutStockA” 1WUNUIEDIT1HTL

° ' A YA A v a Y A a =2 a 9 v
ﬂ'lﬁuﬂﬂ'lellf]\‘]ﬁUﬂTﬂlﬁﬁﬂiuﬂaﬂﬁuﬂHN@NﬂTﬁﬂQﬁuﬂWﬂlﬂ\‘]@,ﬂﬂW

Azsighments:

Y ariable, inhoused, inhoused, - ikemd, Add.

Y ariable, invProdd, invProdd, - ikemd,
Y ariable, Movedinhouse, [AIMT [itemdH5)) Edit

W ariable, DF1AIR, 0FMovebinhouse
<End of list>

Delete

i

Ok | Cancel

I
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Figure 43. Assign module (No.17) for 2" warehouse simulation model
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Figure 46. Decide module (No.21) for 2" warehouse simulation model
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Figure 47. Assign module (No.22) for 2" warehouse simulation model
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Figure 49. Record module (No.24) for 2" warehouse simulation model
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Table 25. Total time of moving product form storage to docking

No. of purchasing No. of purchasing
Real time (hr) Real time (hr)
order order

1 1.09 16 1.01
2 1.50 17 0.78
3 1.43 18 1.68
4 1.15 19 1.54
5 1.47 20 1.21
6 1.18 21 0.91
7 1.31 22 1.09
8 1.12 23 1.32
9 1.21 24 1.17
10 0.89 25 1.59
11 1.60 26 1.08
12 1.26 27 1.10
13 1.07 28 1.10
14 1.36 29 1.09
15 0.91 30 1.10

Average time (hr) 1.21
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Table 26. Result of simulation program (30 days 60 replications)

Scenario

Current P01 RO1 R02 RO3 So1 S02 S03
Result of simulation
Total time of order in system 1.25+0.04 0.82+0.03 0.18+0.00 0.18+0.00 0.21+0.01 0.89+0.03 0.89+0.03 0.98+0.04
(hr.) (1)
Waiting time of order before 0.92+0.10 0.53+0.03 0.03+0.00 0.03+0.00 0.06+0.01 0.59+0.03 0.59+0.03 0.68+0.04
the forklift working (hr.) (2)
Order picking time (hr.) (3) 0.33+£0.10 0.29+0.03 0.15+0.00 0.15+0.00 0.15+0.01 0.30+0.03 0.30+0.03 0.3£0.04
No. of order picking in queue 2.31+0.89 1.32+0.08 0.08+0.01 0.08+0.01 0.16+0.02 1.47+0.08 1.47+0.08 1.71+0.11
(sheet) (4)
Storage time (hr.) (5) 0.92+0.02 0.22+0.00 0.20+0.00 0.18+0.00 0.18+0.00 0.20+0.00 0.17+0.00 0.17+0.00
Utilization of forklift storage 54.824+0.00 52.74+0.00 48.29+0.00 | 44.56+0.00 44.56+0.00 | 47.44+0.00 42.55+0.00 42.55+0.00
working (%) (6)
Utilization of forklift order 52.714+0.00 46.92+0.00 23.50+0.00, 23.50+0.00 31.01+0.00 | 47.62+0.01 46.62+0.01 62.78+0.01
working (%) (7)
Average pallet keeping 1,656+3.00 883+3.00 660+3.00 1+0.00 1+0.00 870+3.00 1+0.00 1+0.00
outdoor (8)
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Table 26. Result of simulation program (30 days 60 replications) (Cont.)

Scenario

= [(9)-(8)*100] / (9

Current PO1 RO1 R02 RO3 S01 S02 S03
Result of simulation
Average pallet keeping 2,700£7.00 2,700+7.00 | 2,700+7.00 | 2,700+7.00 2,700£7.00 2,700£7.00 2,700+7.00 | 2,700£7.00
indoor and outdoor (9)
% pallet keeping indoor (10) | 38.67+5.00 67.30+5.00 67.60+£5.00 | 99.96+3.00 99.96+3.00 67.78+5.00 99.96+£3.00 | 99.96+3.00

Note: Result of simulation program shows® H.W.
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Table 27. Investment of racking system and material handling

Material Cost (baht/unit)
Selective rack 1,000
Drive-in rack 2,000

Roller rack 12,000
Counter balance 700,000
Reach truck 1,200,000
Crane 17,500,000

= 9 Y v a o ~ R
nu: Iﬂ!ﬁuﬂﬁﬂﬂﬁﬂﬂﬂiyﬂﬂimﬁﬂy1

Table 28. Investment of warehouse style

Warehouse Investment cost (million baht)
P 15.47
R 112.76
S 115.61
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Table 29. Scrap values of racking system and material handling in year 10"

Material Scrap value at year 10" (baht/unit)
Selective rack 100
Drive-in rack 200

Roller rack 1,200
Counter balance 70,000
Reach truck 120,000
Crane 1,750,000

A v Yo aw ~=
Ny E!ﬁuﬂ§1ﬂ11WﬂUU5Bmﬂ§mﬁﬂH1

Table 30. Scrap values of warehouse style in year 10"

Warehouse Scrap value at year 10" (million baht)
P 1.55
R 11.28
S 11.56
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Table 31. Income of current warehouse

Year | Current income (106 baht)
0 30.00
1 33.00
2 36.30
3 39.93
4 43.92
5 48.32
6 53.15
7 58.46
8 64.31
9 70.74
10 77.81
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Table 32 P warehouse income

Year p income adding 5% | p income adding 10% | p income adding 15%
0.0 30.00 30 30
1.0 34.65 36.30 37.95
2.0 38.12 39.93 41.75
3.0 41.93 43.92 45.92
4.0 46.12 48.32 50.51
5.0 50.73 53.15 55.56
6.0 55.80 58.46 61.12
7.0 61.38 64.31 67.23
8.0 67.52 70.74 73.95
9.0 74.28 77.81 81.35
10.0 81.70 85.59 89.48
Table 33. Analysis of cost and benefit
PV of difference p Cumulative PV of
Current p income Difference p and current
Year and current difference p and
Income (1) 2) income (3) = (2) - (1)
income** current income
0 Ic, Ipy* [Ip, - Ic| PVp, PVp,
1 Ic, Ip, [Ip, —Ic| PVp, PVp,+PVp,
PVp,+PVp, +
2 Ic, Ip, [Ip, — Ic,| PVp,
PVp,
PVp,+PVp, +...
n Ic, Ip, [Ip, —Ic | PVp,
+PVp,
* Increase x% from current income **IRR =y%
Tﬂﬂmminﬁmamﬁzamaﬂumﬁﬁunu (PB) "lﬁ'mm;{m €)) FIATIDIYAAVOUIUAY

naale Wude yamwesduluilagiu PV) awde (2) uenan

9

U

HUGIFEWITOAIUIUDAT

HanpUUNUgNS (1) awmde (3) ariimsiidils 1) awde @) wazyamilegiugns (NPV)

AMUDD (5)
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Table 34. Cumulative PV of difference p and current income; when income increases 5%

Year | IRR8% | IRR10% | IRR15% | Year | IRR8% | IRR10% | IRR 15%
0.0 0.00 0.00 0.00 | 8.0 13.04 12.00 9.88
1.0 1.53 1.50 1.43 9.0 14.81 13.50 10.88
2.0 3.08 3.00 2.81 | 10.0 16.62 15.00 11.84
3.0 4.67 4.50 412 | 11.0 18.45 16.50 12.76
4.0 6.28 6.00 538 | 12.0 20.32 18.00 13.64
5.0 7.93 7.50 6.58 | 13.0 22.22 19.50 14.48
6.0 9.60 9.00 773 | 14.0 24.16 21.00 15.29
7.0 11.31 10.50 882 | 15.0 26.14 22.50 16.06

Table 35. Cumulative PV of difference p and current income; when income increases 10%

Year | IRR8% | IRR10% | IRR15% | Year | IRR8% | IRR10% | IRR 15%
0.0 0.00 0.00 0.00 | 8.0 26.09 24.00 19.75
1.0 3.06 3.00 287 | 9.0 29.63 27.00 21.76
2.0 6.17 6.00 5.61 | 10.0 33.23 30.00 23.69
3.0 9.34 9.00 824 | 11.0 36.90 33.00 25.52
4.0 12.57 12.00 10.75 | 12.0 40.64 36.00 27.28
5.0 15.85 15.00 13.15 | 13.0 44.45 39.00 28.97
6.0 19.20 18.00 1545 | 14.0 48.33 42.00 30.58
7.0 22.61 21.00 17.65 | 15.0 52.28 45.00 32.12

Table 36. Cumulative PV of difference p and current income; when income increases 15%

Year | IRR8% | IRR10% | IRR15% | Year | IRR8% | IRR10% | IRR 15%
0.0 0.00 0.00 0.00 | 8.0 39.13 36.00 29.63
1.0 4.58 4.50 430 | 9.0 44.44 40.50 32.64
2.0 9.25 9.00 842 | 10.0 49.85 45.00 35.53
3.0 14.01 13.50 12.36 | 11.0 55.35 49.50 38.29
4.0 18.85 18.00 16.13 | 12.0 60.96 54.00 40.93
5.0 23.78 22.50 19.73 | 13.0 66.67 58.50 43.45
6.0 28.81 27.00 23.18 | 14.0 72.49 63.00 45.87
7.0 33.92 31.50 2647 | 15.0 78.42 67.50 48.18

44



Figure 52 Payback period of P warehouse
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