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A Novel Meta—heuristic Algorithm for

Construction Site Facilities Layout Optimization
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Abstract: Layout of construction site facilities has great impact on the project objectives, such as project cost. In
this paper, the problem of the construction site facilities layout with many facilities, which is an optimization problem
with discrete variables, is considered. Firstly, the problem is transformed to a high —dimensional random sampling
problem, and then addressed by a novel meta—heuristic algorithm based on transitional Markov chain Monte Carlo
(TMCMC). Different from original TMCMC developed for optimization problems with continuous variables, the pro—
posed meta—heuristic algorithm is based on introducing a sequence of probability distribution functions instead of
probability density functions, and thus the method for iteratively generating states of Markov chains is modified in the
proposed algorithm, in order to meet the specifics of optimization problems with discrete variables. As shown in an il-
lustrative example, compared with the widely used genetic algorithm, the proposed meta—heuristic algorithm can ob—

tain higher improvement in the stability of achieving global optimal solution.
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Fig.1 Typical construction site and predetermined locations
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Tab.1 Permutation matrix representation for

a typical layout with 5 facilities and 5 locations
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Tab.2 Information of temporary facilities( Example 1)
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Tab.3 Movement frequency f,, between

facilities ( Example 1)
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1 2 3 4 5 6 7 8 9 10 1
1 0o 5 2 2 1 1 4 1 2 9 1
2 5 0 2 5 1 2 7 8 2 3 8

4 2 5 7 0 8 7 8 1 8§ 5 1
5 1 1 4 8 0 3 4 1 3 3 6
6 1 2 4 7 3 0 5 8§ 4 7 5

im 1 8 5 1 6 5 2 8 3 5 0
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Tab.4 Distance d; between locations( Example 1) meter
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4 33 18 8 0 7 9 14 24 44 49 53

5 40 25 15 7 0 2 7 17 37 42 52

6 42 27 17 9 2 0 5 15 35 40 50

7 47 32 22 14 17 5 0 10 30 35 40

8§ 55 42 32 24 17 15 10 0 20 25 35

9 3 50 52 44 37 35 30 20 0 5 15

10 30 45 55 49 42 40 35 25 5 O 10
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Fig.2 Optimal objective function value at different stages
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in a typical optimization run (Example 1)
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Fig.3 Temperature parameter at different stages

in a typical optimization run (Example 1)
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Tab.5 Statistical results of 500 independent
runs using GA and TMCMC-based proposed

optimization algorithm ( Example 1)
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i
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50 72.4 6399 6273 62822 223 0.09

S 100 91.8 6303 6273 62745 5.50 0.18
e

o 1 . 2 2733 231 .
Bk 50 97.8 6303 6273 62733 3 0.36

GA
150 75.6 6380 6273 62772 1039 1.01

200 82.8 6325 6273 62753 6.09 1.37
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Tab.6 Information of temporary facilities ( Example 2 )
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Tab.7 Movement frequency f,, between

facilities( Example 2 )
i it
Hﬁl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 0 1530 25 25 25 5 10 16 75 15 30 16 24 5 16

2 15 0 26 12 43 43 15 17 24 17 15 17 38 27 34 25

3 3026 0 16 5 6 38 24 39 28 12 28 28 24 15 22

4 25 12 16 0 3 69 48 35 38 39 14 63 41 38 24 5

5 2543 5 3 0 17 23 23 24 15 29 45 39 27 14 36

6 2543 6 69 17 0 12 18 26 45 28 25 46 16 39 16

7 5 15 38 48 23 12 0 39 39 62 27 26 22 45 21 37

8 10 17 24 35 23 18 39 0 17 52 27 35 19 45 14 38

9 16 24 39 38 24 26 39 17 0 12 8 17 34 27 22 25

10 75 17 28 39 15 45 62 52 12 0 17 9 48 16 23 24

11 15 15 12 14 29 28 27 27 8 17 0 15 27 37 26 13

12 30 17 28 63 45 25 26 35 17 9 15 0 46 46 41 19

13 16 38 28 41 39 46 22 19 34 48 27 46 0 16 16 9

14 24 27 24 38 27 16 45 45 27 16 37 46 16 0 5 17

15 5 34 15 24 14 39 21 14 22 23 26 41 16 5 0 23

16 16 25 22 5 36 16 37 38 25 24 13 19 9 17 23 0
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Tab.8 Distance d; between locations( Example 2 ) meter
-~ hiE
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0 23 48 72 86 98 110 115 138 151 179 171 114 139 125 150
2 23 0 25 49 63 75 87 138 161 128 156 148 91 116 102 127
3 48 25 0 24 38 50 62 129 152 117 131 123 66 91 77 102
4 72 49 24 0 52 40 38 149 172 137 107 99 42 67 53 78
5 86 63 38 52 0 12 24 97 120 85 93 85 58 71 93 94
6 98 75 50 40 12 0 12 109 132 97 81 73 46 59 81 82
7 110 87 62 38 24 12 0 121 144 109 69 61 34 47 69 70
8 115 138 129 149 97 109 121 0 23 70 112 172 155 168 190 191
9 138 161 152 172 120 132 144 23 0 67 135 195 178 191 213 214
10 151 128 117 137 85 97 109 70 67 0 100 160 143 156 178 179
11 179 156 131 107 93 81 69 112 135 100 0 60 65 56 78 79
12 171 148 123 99 85 73 61 172 195 160 60 0 57 32 46 21
13 114 91 66 42 58 46 34 155 178 143 65 57 0 25 35 36
14 139 116 91 67 71 59 47 168 191 156 56 32 25 0 22 23
15 125 102 77 53 93 81 69 190 213 178 78 46 35 22 0 25
16 150 127 102 78 94 82 70 191 214 179 79 21 36 23 25 0
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Fig.4 Optimal objective function value at different Fig.5 Temperature parameter at different stages
stages in a typical optimization run ( Example 2) in a typical optimization run (Example 2)

*®9 EF TMCMC WEALEEN GA MILIEIT 500 X FITER (=61 =)
Tab.9 Statistical results of 500 independent runs using GA and TMCMC-based proposed optimization algorithm ( Example 2 )

- FEA Heis AR AR B AR R BES MURIELT
BE AR % Bkl B/ME A PR THIFERS /s

" 500 41.0 268 975 267 577 267 651.3 182.65 6.73

W

itk 1000 63.4 268 086 267 577 267 596.8 50.57 13.16

i 1500 72.8 267 644 267 577 267 588.5 19.24 24.62
2000 80.4 267 644 267 577 267 584.9 16.30 31.55
500 0 276 321 268 245 271 457.2 1423.2 10.71

CA 1000 0 274 681 267 644 270 684.1 1 253.8 2291
1500 0.4 273 998 267 577 270 351.1 11125 36.44

2000 0.6 273 575 267 577 269 657.8 1 064.5 44.49
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IR 9 AN 5 g R AT, FE T TMCMC
F PR SR AT GA B AE SE ] — v sk g e i
SERAIN AL —rp B 25 R AR (H% 3 5 SE )
[F) g rh 22 B B R A AT TR ORI B 298, iR
SRS I W, R 9 AL, MR RAEA
B 500 B, FET TMCMC B9 884054 5 14 500
UST BT A 41.0%10 45 26 0] 4R15 B8 4
At (I H bR R EE 267 577 m), HIHZRAE
CEELA R BRI B A A B T
. AR EEAS KL 2 000 B, HOPRAS “ B4 R B
Pefte” RNy 80.4%. VENXT I, GA DAL SETE 1
REEABUR 500.1 000, 1 500.2 000 Ff $545 “ELS4
JR e ff” AR LF-43 R 0, e s fHAU N 0.6%.
Ak, B3 9 WA, ZE FARREARBOH R I B0 T, 5
F TMCMC 1 SRS R A5 1 5 O E b R B
B2 BT 2 675 577 m, HbrEZ KR K/NT
GA FIEIAHR B, e v UL, 5 GA B A Eb , 3
F TMCMC PRI R 2 AE AR 4 ) B R A i e 1
AR R, 3R 9 T 8 SRR EL R
BAYRGEA T IIRERT O XT LT UL, 5 GA LA L, 3
F TMCMC UL AT RRCR T &, BRI L
BRI B GSTTFRIFERT AT AR M e (BRI
SRR AR T ).

4 & &

ARSCEF X KA 2 Bt R T30 A R AL lal
A, BT TMCMC J7 it i ke AL RE WL
FEELEIRIT

DA JR 75 S B 2 7m F , nlai d  HAL i
AR AT PR, Rt T IS5 Bt AT JR D f e i
M vei 42 1] v B BEATL AT AE ) L, 2T T TMCMC
TrEAAEATRE LS I HIR A

2) Sy ) AR AR DS A R e, A
SCHR YRR e Uk BOHEBLEERE 75 A 4G TMCMC
X 114 2 6 UM 3 5 A1 o AR R BE ML IBURE e 2 Dy
BT AR A1 pR BB BEALRE , R
8 5 ZR ] REEARZS B AT k.

3) i SIS, S T GA LA,
FLT TMCMC f5 K AL REAE 42 Ry A AL ik ) 2R
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