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Study on the operation efficiency of steel stock yard using simulation
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Study on the operation efficiency of steel stock yard
using simulation

Kim, Sang Hun

Department of Naval Architecture and Ocean System Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

In shipbuilding industry, The steel plate is a representative material constituting
the structural part of the hull such as outer panel, inner panel and reinforcing
material, which corresponds to about 10% to 12% of the ship price. These steel
plate that are produced in steelworks is come in the shipyard and sent to steel
stock yard. Therefore, in order to prevent the delay of the process and to observe
the delivery date, a management system is required to allow the stocked steel to
be input to the pre-treatment process in a timely manner. However, the steel
plate used in the shipyard varies in size and material, and the contracts are
concluded for several steelworks, so that the variability of the day of arrival is
large. Therefore, time and cost are wasted due to the relocation of the steel
during the process of moving the steel plate during the stacking and dispensing
operations. In order to solve these problems, this study constructed dispatching
model by using discrete event simulation(DES). Through this, it is aimed to explore
the best way to operate the steel stock yard efficiently while minimizing the

movement fo the crane while maintaining the quality of the steel plates.
KEY WORDS: Shipyard X£&4; Steel stock yard ZIIHEXIE; Discrete event

simulation Ol&F AP AIEdI01A
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2.2.2 Process centric simulation
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area area area
Stock Stock Stock
area area area Stock Stock Stock
area area area

Fig. 10-(a) The method of piling Fig. 10-(b) The method of piling
steel plate in middle/long stockyard steel plate in short stockyard

JMHXEL deel2 ol & 20 & SHE =Z=otd RUCL Table 12

S8 2 W0l ¥ MXFO JHAS UEHH HOICH Fig

Table 1 The information of steel stock yard

Bay Parameter Stock Capacity(EA)
Long 1
1Bay~3Bay
Crane Short 1
4Bay Short 2
Long 26
1Bay
Short 38
Long 35
2Bay
Short 38
The number of stock
Long 35
3Bay
Short 58
Long -
4Bay
Short 88
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Fig. 11 The layout of steel stock yard
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Table 3 The example data of received steel plate

Ship_ Block | Assembly_ . Stock | Material . . )
ID | Steel_Name Code DeliveredDate Weight | Thickness | Width | Length
Num _Num Code Bay Group
1001ABCO001
1 DE0OL 1001 ABC 001 DEQOO1 2019-04-17 1 STEEL 6000 25 2500 7800
1100FGH002
2 1100 FGH 002 MKO005 2019-04-17 3 STEEL 5500 28 2000 13800
MKO005
2010MNOO003
3 YWOL0 2010 MNO 003 VWO010 2019-04-17 2 STEEL 8000 30 2800 12000
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Steel Stock Yard DB
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Movement log
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Input Steel-plate
information
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1 Steel stock yard 1 | ‘ * 1
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Fig. 12 The simulation platform of steel stock yard simulation
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Is the found steel
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Is this steel plate in
the pre-selection list?

YES

YES

Remove the steel plate from the
pre-selection list

Is this steel plate in

NO*

Remove the steel plate from the
pre-treatment list

the pre-treatment
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|

Choose the steel plate to move

v

)

Fig. 15 The flow-chart of the algorithm for choosing the steel plate to move
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Choose the stock among the pre-
stock places by algorithm

( Finish )

Fig. 16 The flow-chart of the algorithm for choosing where the steel plate should be moved
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X2 YNEHE TMes HXEES HECZ MHE6IEE Hooigil, Foid =&
=M et BXIE0 EMots HME HOA 226t== AMEd0ldS =oAL
OtcHel Fig. 172 HfI2E= &8 AIZ2dI0ld 7= 2HHE0ICH
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O yorkorsrines

@ short stockNo 1 417

SaveProcessiog

Fig. 17 The initial screen of the reduced model simulation
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ANSOIA 2D MRMEZS B3| U AIBA0LS = 108 B 235U
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Ofel Fig. 181t Fig. 19= =gt AlZdl0ld 21U A0 M&oH dlwet 250ICH

° . < W " ° q i .
srEEss
rouctid_PUN WORKTIVE [ROWNUM product d_PLN WORKTIVE
<1 steo0y 1 STEELO00L 15 T STEEL000L 15
T —T 2 s 35 steeooos 35 2 oees 35 —
e| 3 steone 3s 5 sTeeloon 35 STEEL0034 25 3 sTeE0034 25
5| & stemon 15 4 sTeE000L 15 STeELopaL 15 4 sTeEoo 15
8| s sTeeloms 35 s sTeelooos 35 STEELO02S 35 5 sTeEloos 35
o| & smEmome 25 6 sTeEoon 25 STeEL0037 15 6 steeo0y 15
w| 7 st 15 7 sTeEooan 15 sTeeLoon2 35 7 sTeEo002 35
u| 8 seeons 35 8 sreeoos 35 STeeLon2s 35 8 sreeos 35
| 9 sTElons 35 9 sTeELo0% 35 STeeL0033 25 9 sTee03 25
s| 10 sreetono 35 0 STEEL0020 35 STeeL0014 15 10 STEE00ls 15
o 1 sTeeons 15 i STERLONS 15 STEEL0047 35 1 STeRLOHT 35
512 STEE00 25 L sTeEL009 25 STEELo0ss 25 12 sTeELo0is 25
1| 13 steEon2 25 B sTeE002 25 STEELONT9 35 1B sTeE009 35
v 14 sTeetons 15 W STeE0026 15 STEELO036 35 W STeEL0036 35
w15 sTeewons 35 15 steEL00ng 35 STEEL0020 3s 15 steElo0n 35
| 16 steeons 15 6 steElos 15 STeEL006 15 16 STeELoooe 15
| 17 stEoms 15 7 sTerloom 15 STEEL0039 25 17 steE0m 25
n| 18 sTeELo0y 25 18 sTeELo0n7 25 STeEL0017 2 1 STeE00 25
2| 19 sTeELoo: 25 19 sTEEloon 25 sTeELoo1t 3s 1o steioon 35
5| 0 stEons 15 2 steEoo 15 sTeeLo0z 15 2 steE00n 15
| 1 sTERO0 35 2 steLoo a5 21 sTeeloms 15 2 steoois 15
5| 22 STeELons 25 2 sTeEL00s 25 2 sTEELome 15 2 STEE004s 15
23 steEloon 25 2 sTEELOO04 25 2 steELo 15 2 STeE0023 15
o) 2 steEo0a 25 2 steeLoosn 25 2% sTeeLons 15 2 STeeL001s 15
| 25 steeom 3s 25 steeLoon 35 25 sTeeLono is 25 stee000 35
m| 2 st 15 % steeLooan 15 % sTEELOM3 35 % steEl001s 35
0| 27 steEoms 15 27 steLoois 15 27 sTeeLonss 35 27 steEl003s 35
n| 2 seEome 15 2 sTeElooss 15 5 steeLooo7 35 % SteElo07 35
2| 2 steeow7 35 2 sTerLoo07 35 2 sTEELons 15 2 ster0ls 15
5| 30 stEEoms 15 30 sTeELo0s 15 30 sTeElo0 25 0 sTERL0032 25
| 31 smeEons 15 3L sTeElos 15 3 sTEELonle 15 3L sTeEELooe 15
5| : smeaon 25 2 sEEon 25 2 sTeewons 15 n steE000 15
3 sTERonts 15 3 STEEL06 15 3 sTeewo 25 3 steE00m 25
3 STEEL0 15 34 STEEL00D 15 004 34 STEELO004 25
+ ] PROBUCTINRO. | WORKORDER | WORRECORD | 15 | RANNUMGENGRATE | sheets | Elolsiaa) | chsen | casez ®

Fig. 18 The excel file saving the work order and work record

SHEN uF 25 3=
ROWNUM product_id PLN_WORKTIME ROWNUM  product_id PLN_WORKTIME
1 STEELOOO1 15 1 STEELO0O1 15
2 STEELOOO8 35 2 STEELO0O8 35
3 STEELOO34 25 3 STEELOO34 23
4 STEELO041 15 4 STEELO041 15
5 STEELO025 35 ] STEELO025 35
6 STEELOO37 15 6 STEELOO37 15
7 STEELO0O2 35 7 STEELO0OZ 35
8 STEELOO24 35 8 STEELO024 35
9 STEEL0033 25 9 STEELO033 25
10 STEELOO14 15 10 STEELOO14 15

L] L]

L] L]

L) L]
41 STEELO044 15 41 STEELOD44 1.5
42 STEELOOD9 0.5 42 STEELO0O9 0.5
43 STEEL0027 35 43 STEELO027 35
4 STEELO030 35 R STEELOO30 35
45 STEELO040 35 45 STEELO040 35
46 STEELOO12 35 46 STEELOO012 35
47 STEELO049 15 47 STEELO049 15
48 STEELO00S 15 48 STEELO005 15
49 STEEL0O022 25 49 STEELOO22 25
50 STEELO026 15 50 STEELOO26 15

Fig. 19 The list of the work order and work

record
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a Model*
- &9 Main
[ Pre treatment_Long_lBay
[ ] Pre_treatment_Long_2Bay
[ | Pre_treatment_Long_3Bay
I &9 Pre_treatment_Short 1Bay
|+ &9 Pre_treatment_Short_2Bay
[ &9 Pre_treatment_Short_3Bay
&3 Pre_treatment_Short_4Bay
I &9 SSY_1Bay Long
- &9 5SSY_1Bay LongCrane
I &3 SSY_1Bay Short
&3 S5Y_1Bay ShortCrane
I &9 SSY_1Bay ShortCranePole
[ &9 SSY_2Bay_Long
I &9 S5Y_2Bay LongCrane
i &3 SSY_2Bay Short
i &9 SSY_2Bay ShortCrans
| €9 S5Y_2Bay_ShortCranePole
I &3 S5Y_3Bay Long
i &3 SSY_3Bay LongCrane
> €9 SSY_3Bay Short
- €9 55Y_3Bay_ShortCrane
I &9 SSY_3Bay ShoriCranePole
i &3 SSY_4Bay Long
i &9 55Y_4Bay_LongCrane
- &9 SSY_4Bay Short
b &9 SSY_4Bay ShoriCrane
&9 SSY_4Bay_ShortCranePole
i &9 SteslPlate
I &9 Stock_Long_1Bay
» &9 Stock_Long_2Bay
» &9 Stock_Long_3Bay
i &9 Stock_Long_4Bay
I+ & Stock_Short_1Bay
- &9 Stock_Short_2Bay
i &3 Stock_Short_3Bay
I &9 Stock Short_4Bay
-~ €3 Simulation: Main
&% Run Cenfiguration: Main
Database

Fig. 20 The list of agents of
steel stock yard
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SteelPlate

S5Y_1Bay_Long

S5Y_2Bay_Long

S5Y_3Bay_Long

5SY_1Bay_Short

5SY¥_2Bay_Short

SSY_3Bay_Short

—I—

SSY._4Bay_Short
-{1)

SSY_4Bay_Short
-(2)

SSY_1Bay. 5 S5Y_2Bay S5Y_3Bay_ SSY_4Bay. S5Y_4Bay.
ooy _1Bay o e fialf cgy sgy —mEy_ oAy
SSY_1Bay LongCrane | | SSY_2Bay LongCrane | | SSY_3Bay_LengCrane ;Eé;tlg’r?@ ShortCrare S‘F:char?r-e ShortCrane ghcﬁicE;Yr_f ShortCrane chcﬁcar?r-f ShortCrane fﬁ:'—_fgr?r—‘e ShortCrane
- ) Pole ) Pale - Pole - Pale - Pole
—— —T—
Stock_ e Sto e Stock_
Short_ 1Bay Ehort_4Bay

Fig. 21 The structure of agents
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Table 4 The table of the structure of agents

I' Agent 2 Agent 3 Agent

SSY_1Bay_LongCrane / Stock_Long_l1Bay /

Pre_selection_Long_1Bay
SSY_1Bay_ShortCrane / SSY_1Bay_ShortCranePole /
Stock_Short_1Bay / Pre_selection_Short_1Bay
SSY_2Bay_LongCrane / Stock_Long_2Bay /

Pre_selection_Long_2Bay

SSY_2Bay_ShortCrane / SSY_2Bay_ShortCranePole /
Stock_Short_2Bay / Pre_selection_Short_2Bay

Main SSY_3Bay_LongCrane / Stock_Long_3Ba
SSY_3Bay_Long Y & / & v/

SSY_1Bay_Long

SSY_1Bay_Short

SSY_2Bay_Long

SSY_2Bay_Short

Pre_selection_Long_3Bay
SSY_3Bay_ShortCrane / SSY_3Bay_ShortCranePole /
Stock_Short_3Bay / Pre_selection_Short_3Bay
SSY_4Bay_LongCrane / Stock_Long_4Bay /

Pre_selection_Long_4Bay

SSY_4Bay_ShortCrane / SSY_4Bay_ShortCranePole /
Stock_Short_4Bay / Pre_selection_Short_4Bay

SSY _3Bay_Short

SSY_4Bay_Long

SSY _4Bay_Short

SteelPlate

442 NEc0lE g F2

3TN LMEIEES =248 LHES HIECZ AISY0IMHNA 28 B4E
HMOIGIRULE 2 AMSHOIAUAM H2EH AIZ2dI0IE 2= Table 52 2 LCH
StockIndex@t Pre stockIndex= 2t2t F=XX|& N MAEXMI|EHO MX|E HEH 2AS
Aol st HA0ICH XSEADICH Yol BtAlg] (21 2AMME 22lol= JI=0|
Ct2Jl &0, 2 9720Ms EXE 88 222 HS 2 HEGHH SFHUHA BHS0
et X 2ES des & QT2 HO|oIQULE WetA AlISd0lE =D|3H AlA
Hol=l BHSHZ2 s ofH oY Z2ZE0| E =l AIZ2Y0/80] $8E £ UE=
oFRILCH.
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Table 5 The parameters using in simulation

Parameter Description Type
Stockindex ZAAG W AR AE 25 AY He int
Pre_stockIndex AR U AR e 28 24 Wa int
Pre_selection M AT 23847] AR Wa int
SteelPlateLength O/AE A B8 71E Zo| Wa int
Area_Saturation AR|AL ma}p Tk W int
MaxSizeInTempyard Hlord %!j:j';]iq%%?)&%} + o int
o e
Rank_1st 1 =9 AlY S/ A" ¥a int
Rank_2nd 2 &9 AY & AE W int
Rank_3rd 3 =4 AY &/ AE v int
CraneSpeed F019] ol=& % Speed
ConveyorSpeed Zigo]of9 ol s& = Speed
StorageSize RARA LA 74 int
Craneloadtime B FaAo] LAt dae A double
Craneunloadtime BHIE AN EEere double
Al ARE
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443 Collection H2o

Collection2 C#2| DTO(data transfer object)?t RAISH SHEHZM, S=4 OOIEHE
Xeldte MHEFRE(data structure)E 2|0I8HCE XAEXet HEH HE2E Y= Ue AS
O|0IGHH, StLtel CIOIE D Ot O CIOIHE €2 = 240ICh Collection®)
39 EZ0 Ot o O ggez #8F = Jls FEO0l ACH JavalilA
X&ote MHEFE FE2 Ol Table 62 2ZCh E£& Javall AL U

CIEIHIOIAE Table 72t 22 =2 HAES XIESHC.

= Collection

Table 6 The kinds of structure of Collection function

Collection Description
Arraylist 2M7) 9= Z=29] Listd
HashSet 2M7F FRHA| Fe 229 Setd
PriorityQueue HA So]2 Zlo] WA U7t= Queued
LinkedHashMap KEY-VALUEQ] EjZ AA &= Map3d
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Table 7 The major methods of declared in the Collection interface

Method name Return type Description
add(E e) boolean [AS FI}SICH
o7 a2 d A MOl &= QA4S
addAll(Collection) boolean ioH s 01_ °
FITey
clear() void AN 9l BE 84 HolHE ATh

W) 842 ol AAE oy Aol

contains(Object) boolean =R Zolsgtth, =Ygt o] o™ trues
2j&letct
Uil W42 ol Aot e Ak
equals(Object) boolean 7R Ol i |9} 22 ZAAIRIA]
sQ1 st}
o] ulojglix] 2Helgict. ulof glo
isEmpty() boolean N
trues 2 &13tCH
remove(Object) boolean o7l ot FAT AAIS AARIc
07 W42 dole MHSS g A Mok
removeAll(Collection) boolean A e JE i 2ol
ARt}
size() Int Q40 J&=2 2 HEH}
toArray() Object]] 280 e HolHe2 ez SAkRt

PR NSNS HE ¥ 25 Ty S=) ZYZE 3

=
—
HIEU =Mool Z2MS2 ==

]

== Collection=s &0t 222 =
CRUD(create, read, update, delete)S 2clotULL Collection JISS &8 Mt

BH2=HE2 Table 81 Z2CF
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Table 8 The Collection functions using in steel stock yard simulation

The name of the .
. Collection | Elements Lo
Collection Description
. class class
function
g X 71X %%g_
Pre_treatmentList == O;H =
Aol E FEHZ A
ArrayList String
SERA R
Pre_selectionList _
dAolE JEZ AR
ProcessLog LinkedList String ARAR A A AdE-S Logz e
KEY -
. KEY - 32019] &Hi5 5
LinkedHas StateType
stateToText hM VALUE VALUE - 3919 ArAAEH
P String o ez 379 AY FF AR
A& AX|A| AuE]= ZFR7
DelayedTasks ArrayList PointNode _OjT ARl B _O ot
ARE = 99 Node #H#s A7
A& AR|Ao]| A ig]= xjo
DelayedTasksKey ArrayList String 9% AAg dae el
AolEs A%
KEY - &% 799 &%
VALUE - Zk7ko] Az oo
StockSizeCheck
ommenes KEY - Exfste Ao s
LinkedHas | PointNode ARG Foorcke] A e A%
hMap | VALUE - KEY - a7 2ojo] 215
Int VALUE - 7}zFo] Ax|AF 13
PreStockSizeCheck o 17 7o
s R ER B
AR poloicte] A A4 A5
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Table 9 The descriptions of crane statechart
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Fig. 23 The general configuration of screen of steel stock yard simulation
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Fig. 25 The process model of steel stock yard

Table 10 The description of functions

Function Description
Source A Y1 AE oA mlo] — ]
UL It JHUE uigoz PRjS st I
Queue 5 578 iJj‘H% ﬁj:é]'f)']'X] %a};% 73 _c')_;
FrES ARlsts ARSY 982 %
Hold &) Alzto] oh AW Aelelo] A UL AHde ghe A
Z3R|7F o] =5tK] 251 W= Aghe 48y
MoveTo A2 AEAX A A ZAXAOC 2 o] 55t A X ATof| A
7id|o]o] 2 o] =5t RIS Asy
Sink Zidojoj2 3 20| gayw
g BAs Aalste 9 3
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Fig. 26 The shape model of steel stock yard
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Scheduler J159 A& &LL Fig 272 SchedulefiA XY AI2tS BHHoH= 2ES
LIEHH T1-0ICt Repeat schedule weekly LHOIA =2+ & J[2tDk(start, end) &H|C
£ Capacity(value)E oY AlZHl S A QIXIE Eootk= JIsOICh 2 H72
ASe0IE0AM=  OfcHet 201 28 HYU2 4AIUCZM BRYE~EQYUINX
IRD, 2F AP S5AIUHE=N BRA~=QUNMK SHACHL 2 THE X Z0
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ol
£Q

el & 2

Sogs olzie 2 Tl o JIAb x 8 (Z) + /EE HIF AN 2 (Y2 B
1082 I FE= HeZ oot

Type: integer -

The schedule defines: @ Intervals (Start, End) ) Moments

Curation type: @ Week () Days/Weeks () Custom (no calendar mapping)

Default value: 0

Repeat schedule weekly:
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W W W W W W 2Fs00 21200 10 =
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Fig. 27 The method to reflect work schedule using schedule function
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25 222 208 & UTS THLNYUCL P LSS I SHEIIZO
Doy MHES Log HEHR TS 4 YTE GIUCL T8t RS GIBN HELS XY
Log 222 & AN KFG0 ABI0IL0 BH 2 NFE NE 20| U=
o The LHGIA SHOIE 4 UTZ GHACHFig. 28).

T -8 x

m Sangtiun -

25 |day 1: 00:10:05 - #STEELO002 Long TempStock Start loading on the crane
26 day 1: 00:10:05 - #STEELO002 Long_TempStock Start loading on the crane
27 day 1: 00:10:05 - #STEELO00S Short TempStock Start loading on the crane
28 day 1: 001501 - #STEEL0002 Long_TempStock Finish loading on the crane
29 day 1: 001501 - #STEEL0002 Long Stock2 Start moving to X

30 day 1: 00:15:01 - #STEEL00OS Short TempStock Finish loading on the crane.
1501 - #STEELO0S Short Stack2 Start moving to X

11502 - #STEEL0002 Long_Stock? Start moving to Y

15:02 - #STEEL002 Long_Stock2 Start unloading from the crane
15:02 - #STEELO00S Short Stock2 Start moving to Y

15:02 - #STEELO00S Short Stock2 Start unloading from the crane
: 00:20:02 - #STEELO002 Long Stock2 Finish unloading from the crane
37 |day 1: 00:20:02 - # Wait for steelplate in long stock area

38 |day 1: 00:20:02 - #STEEL00OS Short Stock2 Finish unloading from the crane
39 day 1: 00:20:02 - #STEELO00S Short Stock2 Finish unloading from the crane
40 day 1: 00:20:03 - #STEEL0004 Long TempStock Start moving to X

41 day 1: 00:20:03 - #STEELOOO6 Short_TempStock Start moving to X

42 day 1: 002003 - #STEEL006 Short_TempStack Start moving to X

43 day 1: 00:20:03 - #STEELO00G Short_TempStock Start moving to Y

24 day 1: 00:20:03 - #STEELO004 Long TempStock Start loading on the crane
45 day 1: 00:20:03 - #STEELO006 Short_TempStock Start loading on the crane
46 day 1: 00:25:03 - #STEEL0004 Long TempStack Finish loading on the crane
47 day 1: 00:25:03 - #STEEL0004 Long_ Stock3 Start moving to X

2503 - #STEEL0006 Short_TempStock Finish loading on the crane
2503 - #STEEL0006 Short Stock3 Start moving to X

50 day 1: 00:2505 - #STEEL0004 Long Stock3 Start moving to ¥

51 |day 1: 00:2505 - #STEEL0004 Long Stock3 Start unloading from the crane
52 |day 1: 00:25:05 - #STEEL000G Short Stock Start moving to ¥

25:05 - #STEEL0006 Short_Stock3 Start unloading from the crane
54 day 1: 00:30:05 - #STEELO004 Long_Stock3 Finish unloading from the crane
55 |day 1: 00:30:05 - # Wait for steelplate in long stock area

56 |day 1: 00:30:05 - #STEEL0006 Short Stock3 Finish unloading from the crane
57 |day 1: 00:30:05 - #STEELO006 Short Stock3 Finish unloading from the crane
58 |day 1: 00:30.05 - #STEELO09 Short_TempStock Start moving to X

59 day 1: 00:30.05 - #STEELO0O7 Long_TempStock Start moving to X

DUMP_DATA | DUMP_DATA_190110

Fig. 28 The excel file saving the process logs
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moveTos
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Processing log

day 33
day 33

day 33
day 33
- 000047 -# Vall for steeipiale In 2nd shari stock area

- 000046 - Wail for steelpiate In 2nd leng stock area

. 00:00.40 - # Wait for steelpiate in 1st long stock area

: 00°00-39 - #2436ALP125NEOST 251 Short_10 Unloading
: D0:00-37 - #2425ALP223TE169 2st_Long_11 Unloading f
: D0:00-31 - #2425ALP225NS007 15t Long_ Pre 1 Unioadi
: 00:00-30 - #2436ALP125NE37 25t Short. 10 Moving

; D0:00:29 - #2425ALP223TE169 25l Long_11 Moving

; D0:00:27 - #2436ALP125NEC37 2s{_Snorl_3 Loading on |
: 00:00:26 - # Wall for steelpiate In 151 short stock area

day 31

sinkd

N
G

SINKS

sinke

sink7

00:01:19 - # Wait for steelplate in 3rd long stock area
00:01:10 - #5423AL P227FZ045 3st_Long_16 Unloading 1
00:01°05 - #5423AL P227FZ045 3st_Long 16 Moving
00:01°02 - #5423A1L P227FZ045 3st_Long_19 Loading cn

00:00:26 - #2425A1 P223TB169 2st_Long_1 Loading on tl

: 00:00°23 - #2425ALP225NS007 151 Long_Pre_1 Moving
: 00:00°23 - #5423AL P227FZ045 3st_Long_19 Moving
: 00:00°20 - #2425AL P225NS007 151_Long_3 Loading on t
: 00:00:17 - #2425ALP22255020 1st_Shor_Pre_T Unlcadi
: 00:00:15 - #2436ALP125NE03T 2s_Shori_3 Moving
 00:00:1 -#2425ALP22255020 1st_Short_Pre_7 Moving

00:00.08 - #2425AL P22255020 1si_Shori_1 Loading on {
D0:00:05 - #2425AL P225NS007 1st_Long_3 Moving

: 00:00°03 - #2425AL P223TB169 25t Long 1 Moving

: 00:00°01 - #2425A1 P22235020 1st_Shart_1 Moving

+ 09:20013 - # Wail for steelpiate in 2nd short stock area

1 09:20:04 - #5432ALP161NSOG7 2st_Shori_Pre_§ Unloadi
+09:19:42 - #5432AL P161NS0G7 2st_Short Pre_8 Moving

05:19:39 - #5432A1 P161NS087 2st Short 15 Loading on
09:19:18 - #5432AL P161NS087 25t Short_15 Moving

0919017 - # Wait for steeiplate in 2nd short stock area
day 31:
day 31:
day 31:

09:19°:08 - #5432AL P161NS103 2st_Short_Pre_8 Unloadi
09:15:46 - #5432AL P161NS103 2s1_Short_Pre_8 Moving
09:15:43 - #5432ALP161NS103 2st_Short_15 Loading on
09:18:22 - #5432AL P161NS103 2st_Short_15 Moving

Fig. 29 The initial screen

of steel stock yard simulation
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Crane Statistics= ZMHAXIZ WO =Mot= 21l &Y S0 st =42
=8t & QA= FOICHFig. 30). Work Finish Percentage= ZMEXIZE WOl EMdt=
ZWE a2z A2d0l& D2t Sot 2=0H0F dt= & 22 I el 8 2=
2Z8 =2 WEEZ UEHH0 A2 MH=EE 210X 6tRILE Work condition
& Move distance= 3dICI0I ZMWE OISAIZII| st HPS EHH SHQ
OlscIE ZEal g2e 0lsHelz Us0 242 3ottt 018 Sl 3
O1SH2IE &ilot 2t oz XYo| Hotgs BN ot =HAIZE Uil
clele] AIZSES WESZ UEHHN Ao FEE H2AXOZ Iefet Xt ot
St AIS0lE AIRH0I [HE eIl MY A=sS Itetoh)| o & AEES Table

110t 20| #=26HRAL

Table 11 The kinds of legends to describe crane work condition

Legend Description
iy s ARl EA/ist= DA 5 dA AR E diddol
Waiting for next task
ROIA 71tk AE
Moving_X F2olo] utsFo @ 2xlo|= AME]
Moving_Y 22Ql0] FPFO T S ol AE
Start loading F20lo] 7S So] 221 Y= AMEl

Finish loading

Start unloading

Finish unloading
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Steel Stock Yard Crane Statistics

Work Finish Percentage

Complete Percentage  11.30%

Work condition & Move distance
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Fig. 30 The screen of Crane Statistics
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Steel Stock Yard Daily Output

Daily output
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Fig. 31 The screen of Daily Output

_55_



ZMEXE Al2diold Y

M 5 &
51 ANlEdI0l& 3HolA F2

KO BT B Ko mu o J) o M B @) 3 RO oW ~ ¥ o~ o S M W
RPW o, ¢ E W TS R RN T
RO = o . B o) % 00 RO W
KO nE W =5 & = By L. O gy N0 OO0 RO
g5 K Ko o T ol 53 T O s RO oD T
Fro o of _. 8 X ol ms X Ol B g3 0 S gy
w MR g R W gy B s MBS R G o) g
_xgo_ﬁ.cﬁmra_o__mo.ﬂm_fw__gmmoHEEoT
%E#mo&%?m____amom%ﬂ_xfm___dﬂo____a_r_ﬂ
= ELur_ . - = T nu

E&.1:.0____,moo____o____um__________ﬂj&%%Wu
oo oo REOOF ) Moo g3 o o< AUOKE R gr S
e BT W Ry WS sz om oy WY e
AT ® mmuwpyms s R NS g XTE
D L o mofrmalE W NE D
w B R OB W OE ooy, T gD ER M agmo &I
ME_&_%O_EﬂA_%__mME_Ego_Ho____w_’____Hoo@@ma%mm%%
A o | _ o0 S ou O s1 o &
O e I - IR - G+
1[N Gy X S 3 23 D .= W = o KR
<] W.W El n zr i mu_ S N o =) 3 — — = [ = T
RS <l W & ol T VT ol < Wog o 3"
%E_EO_EW%EMWMﬂﬂﬁEU% > OF =ool X
oo @ ™ g ggM_ W s g
ot e S R S Py B d — W oy o
% ol 3 W g Nogogp R YT g _ 0 ar = & @
i RE N K o one R © 0 Wx_._.r_ﬁ.EZHM_
<k _x_._.__lc._n_ﬂ_uﬁHI_]D_._\ = |J|;|j| _ NS
O_u_.a_x.,axﬂurw_x_.e MW T <+ ~ K ] = M = o =
X K -~ q Lom S o W W W g ol o = m
s g Ems g Ty o<W ov W T E o A0 g
7 a b 2Ry OR ook o & o K<l S = 6 A =
= 0 ol A0 RO &r NS 3 &5 o o x 0 ~ W2
= = MHr st = = N XU~ =
= ol oT ol o = m_ [l K ~ Rl ) = o s IH
0 = J 0 g0 Ro ol RS ol il =35 7 o= W
LI su K B RFor © R TG RS
AE%QEAnoﬂo_mw%ﬁm%wnamau.ag B w
gg 10 o ARG KUK L= N o 33 B T o =
<oy Am M Fo T wew TS 0ks o &
o KX I = =S (Y T |
S M SUE M ERR RN g S Wy W2
%Q@EM@%DED_D%&%N&wEEﬂAMW
< 2 855 A U 3 0F A < Rr JK ol oF B & = K &0 3

_56_



Table 12 The cases using basic logics

. The least When to
Deliver
. number of Random update pre
Pre selection .

stock area selection work

CASEl1 CASE6 Release day - 4

CASE?2 CASE7 Release day - 7

The least number of
CASE3 CASES8 Release day - 9
stock area

CASE4 CASE9 Release day - 12

CASEbS CASE10 Release day - 15

CASE11 CASE16 Release day - 4

CASE12 CASE17 Release day - 7

Random CASE13 CASE18 Release day - 9
CASE14 CASE19 Release day - 12

CASE15 CASE20 Release day - 15

Table 13 The cases using logics considering the deliver / release

characteristics

Deliver

Pre selection

Project number

Block number

When to
update pre

selection work

CASE21 CASE26 Release day - 4
CASE22 CASE27 Release day - 7
Project number CASE23 CASE28 Release day - 9
CASE24 CASE29 Release day - 12
CASE25 CASE30 Release day - 15
CASE31 CASE36 Release day - 4
CASE32 CASE37 Release day - 7
Block number CASE33 CASE38 Release day - 9
CASE34 CASE39 Release day - 12
CASE35 CASE40 Release day - 15
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Table 15 The results of daily output & stock level(Pre selection start before release D-4)

CASE1 | CASE1l | CASE2 | CASE2 | CASE3 | CASE3

Index CASE1 | CASEG6
1 6 1 6 1 6
Project Block .
The Project Block
Random The Random | number | number
) ) ) least / number | number
Deliver / Pre selection logic / The least / / / /
The ) ) / Block | / Block
least Random | Random | Project | Project
least number | number
number | number
Daily average number of release steel plate (EA/day) 22.78 27.7 27.3 27.3 27.3 27.3 27.3 27.3
Daily average number of moved steel plate (EA/day) 479.9 551.9 480.7 556.3 307.1 306.8 301.3 306.7

Daily average weight of moved steel plate

1,950.0 | 2,163.9 | 1,890.4 | 2,209.4 | 1,253.8 | 1,251.5 | 1,234.1 | 1,258.4
(ton/day)

Long 204.7 204.7 204.8 204.7 204.7 204.7 204.7 204.7

Average level of 1 Bay main stock(EA/day)
Short 305.3 305.5 305.2 305.4 305.2 305.2 305.2 305.2

Long 250.3 250.3 250.3 250.3 250.3 250.3 250.3 250.3

Average level of 2 Bay main stock(EA/day)
Short 314.3 314.5 314.3 314.5 314.2 314.2 314.2 314.2

Long 229.9 229.9 229.9 229.9 229.9 229.9 229.9 229.9

Average level of 3 Bay main stock(EA/day)
Short 442.8 443.4 442.8 4435 4425 4425 4425 4425

Short

1) 172.9 174.1 173.8 174.5 174.1 173.4 173.4 173.4

Average level of 4 Bay main stock(EA/day)
Short

) 173.2 173.8 173.5 174.2 173.8 173.5 173.5 173.5
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Table 16 The results of daily output & stock level(The least / The least)

Index CASE1 CASE2 CASE3 CASE4 CASEb
. . Release Release Release Release Release
Pre selection work start time(Release D-x)
D-4 D-7 D-9 D-12 D-15
Daily average number of release steel plate (EA/day) 22.78 27.7 27.3 27.3 27.3
Daily average number of moved steel plate (EA/day) 479.9 489.8 488.7 477.5 451.5
Daily average weight of moved steel plate
1,950.0 1,956.0 1,949.9 1,872.3 1,773.2
(ton/day)
Long 204.7 198.1 193.0 187.3 180.5
Average level of 1 Bay main stock(EA/day)
Short 305.3 299.1 297.6 294.3 284.2
Long 250.3 238.9 235.4 222.7 212.1
Average level of 2 Bay main stock(EA/day)
Short 314.3 310.8 308.1 304.6 298.3
Long 229.9 219.9 212.9 203.4 194.0
Average level of 3 Bay main stock(EA/day)
Short 442.8 432.9 425.8 401.4 382.3
Short(1) 172.9 154.1 145.2 131.1 120.8
Average level of 4 Bay main stock(EA/day)
Short(2) 173.2 154.5 145.1 130.8 121.2
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Table 17 The operation cost of steel stock yard

Parameter Cost(million) Percentage
Human resources 13.9 33.0%
Repair cost 1.47 3.5%
Power cost 1.61 3.8%
Depreciation cost 1.95 4.6%
Facility cost 12.59 29.8%
Interest expense 6.95 16.4%
Etc cost 3.73 8.8%
Total 42.2 100.0%
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Table 18

The supplied cost per capacity of steel stock yard work

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
BRI X % Th3 P X5 o} 5 3t
A || SR oo | Mer | awa | mws | 5| RS T
A 3 10 6 2 4 5 4 34
Q1711 1.2 4.1 2.5 0.8 1.6 2.0 1.6 13.9
=y 0.5 0.5 0.4 0.2 1.6
7a] R H] 0.5 0.3 0.4 0.2 1.5
SRl 0.8 0.5 0.7 2.0
AR R 4.7 7.9 12.6
FLH/O1R 7.0 7.0
7|EHe] & 3.7 3.7
3 A (Mered) 1.2 5.9 3.8 2.3 1.6 2.0 1.6 4.7 7.9 11.1 42.2
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29E Y7H1lunit) 715.9 | 1,193.1
AR £Y%(EA) 6,597 6,597
718 ZYE(EA) 42,857 | 42,857
Al dAHE R
A7 o] 8 (Hl) 7.0
el A7HR) 1.053.7
z9% Y7Hlunit) 1,053.7
Al £ Y= (EA) 6,597
12 2Yw(EA) 42,857
AdALE R
A ] §(eH) 3.7
ST 27HYE) 565.9
2% Y7Hlunit) 565.9
Al 2G=(EA) 6,597
7te YL (EA) 42,857
WHS Sol 24E HIsSY A4Z ZHT RAIIS Table 211+ 20| HelohACh
HIECZ HIZEYEHAS Ot 201 H2oALH
X Al

SEA(ZM OIBAEIA EIH = 186X1 + 905X2 + 567X3 + 351X4 + 248X5 +
310X6 + 248X7 + 715X8 + 1,193X9 + 1,654X10
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Table 21 The actual supplied cost per capacity of steel stock yard work

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
T3 A PAES (= 7
A2 ;;; 3?4?_ swlolo] | M&R | ARA | FQX ,;4]1 &;Té ,JJ;‘H]
3 10 6 2 4 5 4
186.4 621.3 372.8 124.3 248.5 310.6 248.5
79.4 71.5 63.5 30.3
80.5 48.3 64.4 4.7
123.2 73.9 98.6
715.9 1,193.1
1,053.7
565.9
186.7 905.4 567.1 351.0 248.5 310.6 248.5 715.9 1,193.1 1,654.6
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Table 22 The number of work event during simulation(CASE30)

AR E22 1Bay 2Bay 3Bay 4Bay st A
S o% | A% ?‘]:ﬂ SRR Zd]'j SERE Zd]';“ o% | A% Zd]';“ e Zd]';“
Ad 1 941 651 0 1,012 | 755 0 1,305 | 717 0 608 608 0 4,474 | 2,123 0
o] = 1,983 | 695 0 2,632 | 1,265 0 2,558 | 985 0 0 0 0 7,173 | 2,945 0
Mo 696 252 0 1,086 | 619 0 1,385 | 401 0 0 0 0 3,167 | 1,272 0
s & 332 134 466 403 237 640 444 200 644 0 0 0 1,179 | 571 1,750
A 3,952 | 1,732 | 466 | 5,133 | 2,876 | 640 | 5,692 | 2,303 | 644 608 608 0 15599 6,911 | 1,750
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Table 23 The variables of work input ratio for each type of work(CASE30)

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
Z}R A x] AF i K= AHZ g 7
o 9P| gy | ama P MR | aza | awn | S8 SR
1 Bay &1 1.00 1.00 0.69 0.00 1.00 1.00 1.00 0.69 1.00 1.00
2 Bay 41 1.00 1.00 0.75 0.00 1.00 1.00 1.00 0.75 1.00 1.00
3 Bay 941’ 1.00 1.00 0.55 0.00 1.00 1.00 1.00 0.55 1.00 1.00
4 Bay Y1 1.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00 1.00 1.00
1 Bay o]& 1.00 1.00 0.35 0.00 1.00 1.00 1.00 0.35 1.00 1.00
2 Bay o= 1.00 1.00 0.48 0.00 1.00 1.00 1.00 0.48 1.00 1.00
3 Bay °ol=® 1.00 1.00 0.39 0.00 1.00 1.00 1.00 0.39 1.00 1.00
4 Bay o]& 1.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 1.00
1 Bay A¥ 1.00 1.00 0.36 0.00 1.00 1.00 1.00 0.36 1.00 1.00
2 Bay A¥ 1.00 1.00 0.57 0.00 1.00 1.00 1.00 0.57 1.00 1.00
3 Bay ¥ 1.00 1.00 0.29 0.00 1.00 1.00 1.00 0.29 1.00 1.00
4 Bay Ad¥ 1.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 1.00
1 Bay 2% 1.00 1.00 0.40 1.40 1.00 1.00 1.00 0.40 1.00 1.00
2 Bay 2% 1.00 1.00 0.59 1.59 1.00 1.00 1.00 0.59 1.00 1.00
3 Bay &% 1.00 1.00 0.45 1.45 1.00 1.00 1.00 0.45 1.00 1.00
4 Bay 2% 1.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00 1.00 1.00
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gl Ags Poi &= gl 9413, = el 6512, AHI0IN 02lJt AI=E XS
Bolgy &+ ULL MM Rz H=x JdeiBs X2t 18 S€E Al &5
gl X32 0.69, X4= 0002432 HIE=2 FR0[ 10 X8t X902 3Rk Z=
dgelol 28 22 oig HXES BRI AISE A0I22 X310 X8, X2t X9=
22 g HsS 0D g = JCL 0 22 UHX =52 ¢ HISS
HXEUA 2dots HYS SFA 28101 25 FEHIES 1.000/2t) IJtEGHLD

2

OTT o O‘I
2ot 242 F"olALh z2ESH2Z 2 1HOI ol 1BayOlA 10 &0l =
o] A

teiet ZCh

o
(@)

1Bay 210 & It =186 x 1+ 905 x 1 + 567 x 0.69 + 351 x 0 + 248 x 1 +
310 x 1 + 248 x 1 + 715 x 0.69 + 1,193 x 1 + 1,654 x 1
= 5,636
LI X 15 EF2 OIHIEN UolMT st ez JIIE A& = J2H At

2= Table 242 2L

Table 24 The costs of 1 Bay deliver work for each work type

AASF 1EA T 947} AT 1EA © 947t
1 Bay 91 5,636 1 Bay A 5,213
2 Bay 91 5,705 2 Bay A& 5,480
3 Bay Y1 5,453 3 Bay A& 5,120
4 Bay Y41 4,748 4 Bay ¥ 2,650
1 Bay o]% 5,198 1 Bay 2% 5,759
2 Bay o]% 5,365 2 Bay 2% 6.060
3 Bay °o]% 5,242 3 Bay & 5,835
4 Bay o]% 2,650 4 Bay & 2,650
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Table 25 The comparison the cost among cases

CASE 25( Project

number / Project

CASE 30( Block

number / Project

CASE 35( Project
number / Block

CASE 40( Block
number / Block

ARS ES PSPy number) number) number) number)
o} c} c} c}
1;_17; TS 12117}0 TS 1:37; TS 1;“7; i

1 Bay &1 5,123 1,592 5,636 1,592 5,636 1,592 5,636 1,592
2 Bay 941 5,151 1,767 5,705 1,767 5,705 1,767 5,705 1,767
3 Bay ¢ 5,064 2,022 5,453 2,022 5,453 2,022 5,453 2,022
4 Bay 91 5,269 1216 4,748 1,216 4,748 1,216 4,748 1,216
1 Bay o] 5,039 2683 5,200 2,669 5,178 2,692 5,198 2,678
2 Bay o] 5,023 3756 5,339 3,632 5,444 4,041 5,365 3,897
3 Bay ol 5,032 3726 5,273 3,496 5,191 3,772 5,242 3,543
4 Bay o] 4,039 0 2,650 0 2,650 0 2,650 0

1 Bay A& 4,985 939 5,219 939 5,213 948 5,213 948

2 Bay A4¥ 5,070 1420 5,443 1,420 5,480 1,705 5,480 1,705
3 Bay A 5,019 1738 5,171 1,739 5,118 1,784 5,120 1,786
4 Bay A3 4,037 0 2,650 0 2,650 0 2,650 0

1 Bay &% 5,856 466 6,283 466 6,283 466 6,283 466

2 Bay =& 6.056 640 6,653 640 6,653 640 6,653 640

3 Bay 2% 5,907 644 6,377 644 6,377 644 6,377 644

4 Bay =% 4,040 0 2,650 0 2,650 0 2,650 0

Total 122,501,106 Total 120,075,037 Total 126,091,148 Total 123,986,075
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Table 27 The repaired steel plate deliver planning

Deliver date
2016-11-30
2016-11-30
2016-11-30
2016-11-30
2016-11-30
2016-11-30

Steel name
Steel plate_1
Steel plate_2
Steel plate_3
Steel plate_4
Steel plate_5
Steel plate_6
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