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Analysis of Productivity Differences in Steel Bridge Manufacturing Plants
According to Resource Allocation Methods for the Bottleneck
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Abstract : In this study, we proposed resource allocation methodologies to improve the productivity of steel bridge
manufacturing plants based on the constraint theory which is very popular in the area of manufacturing industries. To this
end, after defining the painting process as a bottleneck, three resource allocation methodologies were developed: Operation
Specific Resource Allocation (OSRA), Product Specific Resource Allocation (PSRA), and General Resource Allocation (GRA).
As a result of experiments for performance evaluation using a simulation model of the steel bridge supply chain, GRA showed
the best performance in terms of the Number of Work-In-Process (NWIP) and Waiting Time (WT), in particular, as workload
itself and its variability were increased, the performance gap with the specific resource allocation became further deepened.
On average, GRA reduced NWIP by 36.2% and WT by 34.6% compared to OSRA, and reduced NWIP by 71.0% and WT by
704% compared to PSRA. The reduction of NWIP and WT means alleviating the bottleneck of the painting process, which
eventually means that the productivity of the steel bridge manufacturing plant has improved.
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Table 1. Production processes in a steel bridge plant

Average
Sequence Process Resources .
Processing Time
(1) Supplying Materials| « Office Worker 7 Days/Order
. « Preparation Machine
) Preparation . Gantry Crane 0.167 Days/Box
- Cutting Machine
. « Drilling Machine
(3) Making Panels - Welding Machine 1.5 Days/Box
« Overhead Crane
. « Manufacturing Worker
(4) Assembling Panels . Gantry Crane 4 Days/Box
Welding Steel « Welding Machine
©) Boxes « Gantry Crane 2 Days/Box

Assembling Steel | © Manufacturing Worker

6) . « Mobile Crane 0.625 Days/Box
Bridge - Forkift
« Blasting Machine
7) Painting Steel Boxes * Space for Blasting 7.75 Days/Box

« Painting Spray
« Space for Painting

8 Storing Steel Boxes | Forklift 0.014 Days/Box
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Fig. 5. Resource layout in the GRA method
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Table 2. Average processing times for painting processes

Process Processing Time
Unit Normal Paint | Special Paint

Blasting Hour 15 1.5

Spraying Primer Hour 15 15

Spraying | Under Hour 15 15

Painting | Spraying Top Hour 15 15

Drying Primer Day 1 1

Drying Under Day 25 25

Drying Top Day 4 4
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Table 3. Experimental factors and levels
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Table 5. Analysis of Valance (ANOVA) on NWIP and WT

Performance Factor Degree of| Mean Square F p-Value
Measure Freedom Error
RAM 2 51,572,385 | 20,795.94 | 0.000%
AQI 2 50,785,162 | 20,478.50 | 0.000*
VOI 2 64,465 26.00 | 0.000*
NWIP VPT 3 21,709 8.75 | 0.000*
NPR 3 49,163 19.82 | 0.000%
Error 43,187 2,480
Total 43,200
RAM 2 14,534,007 | 31,364.18 | 0.000*
AOI 2 6,754,435 | 14,575.98 | 0.000*
VOI 2 15,634 33.74 | 0.000*
WT VPT 3 5,032 10.86 | 0.000*
NPR 3 12,940 2792 | 0.000%
Error 43,187 463
Total 43,200

* This factor affects the performance measure under significant level of 0.01
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7¥st 2t HE AHeE EHHE0] AZAH 14 NWIPLF th
Z\AZE WT EHoJA 71 @45 A58 HAPOH, 53],
A Foto] 719t Hado] E7FeesE M8 Aty i
HENS] d5 Aol= TS AStE AL P& 0= GRA
= OSRA TJH| NWIPS 36.2%, WTS 34.6% ZAAIROH,
PSRA TH] NWIPE 71.0%, WTE 704% ZAAIZLE NWIP
W WTO] Zae B2 S8 HES &5HE on|ehH, o]
= 2 o= 2l MEEEC] Mibdo] SAEAISE 9
St

2 A+ el |fU AESE S otuel 2l AEES
ZollA F74EQ1 AF0] FY §10] 5L A ZAHsolA]
CIX] AFAete HAJO] MO R T MAE S FA| SHAIA|
4 = A2e HojFtk= Aojal 9917} Qlrtal g Zolth
L & AFoAe AREEEY Hert HESE &
2H0f sPgE 0] Qo] FHE Hs o THgIE &
OF g = QQith Sisolle BF ZFito)]
AEEES ok Ax S8 ARGl A A5
HAE FEchs SEAIS B9 SE7KZE B

5ol Ale decte BAIE A7+ ofgoltt. %3,

HO| RAHE Hwohe e BAe Mdegtezn A
ARl ard & SHAIZI7] QI8 Ak e o oILt.

A =
O] =& AR (Is7|sFEEAR) mMAS
Z St2A AR H XYe "ol +3E ¢71¢ (No.
2020R1F1A1048256).
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