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Abstract

This paper considers the precast production process with double layer production. To produce precast elements,
multiple processes must be completed inthe same mold for each job. Processing times are constant except the
curing time, which depends on mixing formula.Normally, a cheaper formula requires a longer curing time than
the more expensive ones.Each process requires an additional resource, which must be shared among the molds.
Given base production plan, this paper proposes the mathematical model and heuristic to obtainthe maximum
number of double layer jobs, select their concrete formulas and schedule jobs to satisfy the due date while

minimize the total production cost. The results demonstrate that the MIP model is suitable for small problems
while the proposed heuristics is suitable for the more complicated problems.The heuristics provides less than 17%
maximum difference from the MIP in term of the objective function value.
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1: procedure Double Layer Job Finding
: Notations

: Tz : Time remaining of mold before due date

. BoselobSequence; Base Job Sequence

. double layer job I 0
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7. foreachi do

8: if Enze/obSequence; ‘s formula = 1 then

9: break

10:  elseif BasejobSequence; ‘s formula = 2
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11: break

12:  else

13: assign starting time of double layer job
14: Job Scheduling

15: if feasible then

16: I +11

17: Return
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Algorithm 1 Heuristics

1. Notations

5g @ Current best feasible solution

Generate an initial feasible solution

*p «<— mulaSelection (5¢ )
for each double layer job I do
s Improvement ()

if " is better than p then
9: Fpe— ¥

10:  else
11: Return =g

AMNANBUINITNARATAUTUATNUIN To8y
Lqmmmﬁmf;m:?ﬁyuﬂﬁﬁummmmam@wmmu‘ﬁu
mumqmﬂeﬁﬂumu @Wﬂ?‘ﬂ‘ﬂ 2 memmwﬁﬂuwum‘bﬂmm
MILARR 1 mu@uﬂmmmmmmmammmmmuwu
%umwmﬁum:m’lmwmmma‘mamqumqnumm

UANANUIAINIINARIINENTUBY TUGAINTHAR DY

KKU ENGINEERING JOURNAL April-June 2012; 39(2)

andewi enfaednaty Tunsiiouuduiuduandld
amansudni 2 dredewiuldgnanioudnil 1 sz
NAMIINARTINATWINGY 57 uiog deudewivldgns
MoUART 2 srEzAINSHARSINAZWINTL 69 Wit
Lﬂuﬁmmﬁﬁﬁﬁé’waq%uﬂmwmmmic@mmzﬁunu
mimaWumt,wim%umummamLLm@;mmmamﬁwj
mmm%“wmm)‘Emﬂ@;mmmamﬁ 1 dszaziannig
U 24 milguazdfiunuingay 20 M gSPAINIINAR
7l 2 Weraznanisty 36 winuaziifunuingau 15
el @;mmmﬁm‘ﬁl 3 ldfszazinainistin 48 wiosuay
HFunuinnAY 13 mifngmmwamﬁ 4 Mdszezioannig
U 72 mbguardfiunuingay 8 MiduuazgnInIINas
7l 5 WszaznainisLin 96 wiauasiiFuuingay 5
mispuazluduneunisudnd 1 reseudeuiuarldsuy
namsrAaTieeninuLsuuus 1 mdae Fav
duneunisuaai 1 resedewivayldsraznansuan
2 wudagl

3.2.1 MINELLABNGAINTHAR
(1) NMIABNGATNIUR
. B y
AnAIRBLENFuAudaui LN wldgns
a s I ey
naudan 1 AdszazanlunsUndungausfEsiunu
o _a d' = ax , X : gy o _a
rnhugenga  F9aEN1ssieanazdan s uingay
£ o a0 v ¥ 4 £ o A
sanesufeuiLiAtiasasfnanislieudeniuiaen
ARINTUARNNAWUIRNALAIAY  Tneni9RangnInig
NARAZNANTUNATNAIANNDRY  (Transferring Weight)
TINN9ABNGAINIINARATNAT N UTB UL ZIU
TaenlasulildgmanisnanniAiaauceannn aantiu
Iimnsagandn  AszaznanfiuaenauiImuaaawIy
= a 2 o a A P SR
Weanafarliiaaugasnisnanvzall Gedailinan
WofiarfiansnNgnInIINaaNNAIANTwNING Al
dnfinanwafaztnlildnnisesnisnanniaisannisld
NiNEINgFINAUABIIUNY. Tedaneulaiainngm
HRBLATATIUANUAGIUA HRAI N gRINISNARTIH
ArANdaeNndall wadiudaasaiuniuuadeau
AIUNNNY udeuiutiuignilanugasnisngs uaz
ANUADITEETLAITLUAR N TN NUALIAN A9 WY

wiazkdwLylvalng



KKU ENGINEERING JOURNAL April-June 2012; 39(2)

FALIIANNIAN AT EEN FIEINANLESAAUNSHAR
ﬁuum@umimmmmwmmmmmmluummuum’m
ummea?mﬁmwmuwmmnm”lﬂ”Lu@m:rmymenuu
wnizﬁ\mwﬁ@uﬁmmqmmﬁ Imﬁﬁﬁﬁuﬁum@umm
NG Ity R IT. O

1: procedure FormulaSelection ( =)

= : current solution

2: Notations

3: Tp :Time remaining of mold & before due date

4: W;; : Transferring weights for moving from

formula i to formula J

5: P(i): Processing time that select formula ¢

6:

7: for each double layer job [ do

8: t __currentjob formula

9:Find formula j* > with largest I-L”g_i-f

10: if no such formula exists then

11:  break

12: else

13:  ifP{i)+ Tu < P(j") then
14: Wiy 0

15: break

16:  else

17: i—j

18: JobScheduling

19: if feasible then

20: 53

21: Compute all time remaining T
22: else

23: W' 0

24 1‘1""5-{"(— 1‘1"'._'-i"'

25: Return new formula assignment s
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1:procedurelmprovement
5 current solution

2:Notations

3: =5 : Current best feasible solution

4: TC : Total cost

5:

6: for each double layer job I do

7 Modify =" by assigning a formula with one

step shorter curing time to [

8:  for each another double layer job [ do

9: Modify 5" by assigning a formula with onestep

longer curing time to

10: Job Scheduling
11: if feasible then
12: S5

13: if T¢'< TC then
14: Spe—s

15: Return =3
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Prob. #Dbase  ble Total Run Total Run

jobs  layer  Cost  time  Cost time

jobs  (Unit) (sec)  (Unit (sec)
1 3 3 31 0.02 31 0.63
2 4 3 34 0.01 34 0.66
3 5 3 46 0.02 46 0.68
4 6 3 60 0.03 60 0.03
5 7 2 40 0.03 40 0.02
6 8 8 115 71.40 115 2.57
7 9 8 118 0.28 118 2.47
8 10 6 87 0.27 87 2.00
9 11 4 52 0.09 52 1.33
10 12 4 68 0.31 68 0.95
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AN97199 5 LL’&@\W@H’W%@@@Q‘H@QﬁﬂQVHﬁN 8wl

# dou- Math model Heuristics # Math model Heuristics
Prob. #base  ble Total Runt-  Total  Runt- Prob. ba#se double  Total Runtime Total  Runt-
jobs layer Cost ime Cost ime . layer Cost Cost ime
. jobs . (sec)
jobs  (Unit) (sec) (Unit (sec) jobs  (Unit) (Unit  (sec)
11 6 5 44 0.05 44 0.92 25 10 9 (144)* 12559.05 94 10.00
12 7 5 49 0.34 49 1.42 26 12 8 (93)* 8808.10 93 14.38
13 8 6 82 1.25 82 2.46 27 14 7 (97)* 8271.91 99 10.45
14 9 5 74 1.00 74 1.79 28 16 3 43 1763.87 46 2.03
15 10 5 81 0.09 81 1.58 29 18 4 (61)* 8hr 58 4.90
16 12 1 20 0.02 20 0.02 30 20 2 (30)* 8hr 35 3.45
17 13 2 40 0.09 40 0.02 31 26 1 (20)* 8hr 20 0.02
18 14 1 20 0.02 20 0.02 32 25 19 - 8hr 309 414.56
19 14 13 (141)* 8hr 151 27.09 33 28 17 (214)* 8hr 241 230.23
20 17 13 (177)* 8hr 177 27.96 34 32 11 (187)* 8hr 192 77.87
21 19 12 (178)* 7533.21 191 39.43 35 36 12 - 8hr 228 113.02
22 2 9 144 523.40 153 15.45 36 41 9 - 8hr 163 64.35
23 24 5 72 1.34 74 4.04 37 45 4 (54)* 8hr 54 21.65
24 26 3 60 0.42 60 0.69 38 49 1 13 55.04 13 1.41
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