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ABSTRACT: In this research, the problem of locating construction sites was solved based on a
combination of the weed algorithm and the forbidden search algorithm. The research problem was
considered in a dynamic mode and optimized based on the location of the layout and cost. For this
purpose, two categories of fixed and mobile equipment were considered so that the capacity of moving
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equipment was considered in different intervals of the project planning horizon. To solve the research ~ Available Online: Oct. 31, 2025

problem in large and real dimensions with dynamic conditions, a combination of the weed algorithm
and the forbidden search algorithm was used. The method of allocating and arranging equipment in
three stages for each of the solutions in each stage is presented below. The problem was solved in ten
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iterations in the GAMS software for the weed algorithm and the forbidden search algorithm to determine

the optimal locations based on factors such as accessibility and size of equipment, tower stability, cost,
ease of servicing different sections, and safety of the workshop environment.

Weed Algorithm
Forbidden Search Algorithm

1- Introduction

The problem of construction site layout planning (CSLP)
plays a crucial role in project cost, safety, accessibility,
and efficiency [1]. Improper allocation of fixed and mobile
facilities may lead to excessive transportation costs, safety
hazards, and inefficient workflow [2]. Previous studies
mainly considered static layouts and neglected the dynamic
nature of construction projects. To address these limitations,
the present research proposes a hybrid approach based on the
Invasive Weed Optimization (IWO) algorithm combined with
the Tabu Search (TS) algorithm. This combination enables
the minimization of relocation costs, transportation efforts,
and unnecessary re-allocations of site facilities [3, 4].

2- Research Methodology

The study models CSLP as a Quadratic Assignment
Problem (QAP), where a set of facilities (n) must be allocated
to a set of locations (m) under multiple constraints. Two types
of equipment were considered: fixed (permanent) and mobile
(relocatable). The IWO algorithm, inspired by the natural
growth process of weeds, was employed to explore the global
search space and minimize redundant handling of materials
and facilities. [5, 6].

3- Case Study and Data
The dataset of Lacksonen and Enscore [7] was adopted,
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including test problems with 6, 12, 20, and 30 facilities (N
=6, 12, 20, 30) over 3 and 5 planning periods (T = 3, 5). A
total of 32 test instances were solved. Seven facilities were
considered in the construction site, such as site office (f1),
control room (2), warehouse (f3), residence (f4), tower crane
(f5), batching plant (f6), and steel workshop (f7). Table 1
presents the specifications of site equipment, including fixed
and variable relocation costs, as well as their geometrical
dimensions.

Table 1. Site equipment specifications.

Symbols
f1 Site office

Site equipment

Control room for electricity, water
and other facilities

3 Warehouse

2

4 Workers' residence

f5 Reinforcing steel workshop

o Tower crane

7 Concrete and batching workshop
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Fig. 1. Results of the optimal response for cost; (a): the
weed algorithm, (b): forbidden search algorithm.

4- Results and Discussion

Computational experiments were carried out using GAMS
software with 10 independent runs for each algorithm. Results
indicated that the hybrid IWO-TS algorithm significantly
reduced relocation and transportation costs. For example,
using IWO, the cost decreased from 1.99 x 10* USD to 1.89
x 10° USD, while TS reduced the cost from 1.99 x 10* USD
to 1.93 x 10° USD. The convergence of results confirmed
the robustness of the hybrid method. Figures 1 illustrate the
optimal cost reductions obtained using IWO and TS, while
Figures 2 demonstrate the optimal layout of facilities at
different project stages. It was observed that the warechouse
(f3) remained the central fixed facility, and the layout of other
facilities was dynamically adjusted based on minimum and
maximum distance constraints.

5- Conclusion

This research addressed the dynamic CSLP using
a hybrid metaheuristic combining IWO and TS. The
results demonstrated that the proposed model effectively
reduces relocation and transportation costs, while ensuring
accessibility, safety, and operational efficiency. Both
algorithms achieved feasible layouts; however, IWO showed
slightly better performance in minimizing total costs.
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Table 3. Computational time for tests

Al o311 .
min) gl Ol
N T
6 3 0.33333
5 0.5
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Table 1. Site equipment specifications.
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Table 2. Total number of initial solutions (initial_n) gen-
erated for each problem in the tests
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Table 3. Results of solving the forbidden search algorithm.

% Pr({\]bg?m TSbasic TSfre TSdriver TSinten TSfreedriver TSfreinten TSdriverinten TSall so]?lftign

P01 267 267 267 267 267 267 267 267 267

3 P02 260 260 260 260 260 260 260 260 260

P03 363 363 363 363 363 363 363 363 363

P04 299 299 299 299 299 299 299 299 299

6 P05 442 442 442 442 442 442 442 442 442

P06 586 586 586 586 586 586 586 586 586

3 P07 424 424 424 424 424 424 424 424 424

P08 428 428 428 428 428 428 428 428 428

P09 1624 1624 1624 1624 1624 1624 1624 1624 1624

P10 1973 1973 1973 1973 1973 1973 1973 1973 1973

3 P11 1661 1665 1661 1665 1661 1665 1661 1661 1661

P12 2102 2097 2097 2102 2097 2097 2097 2097 2097

12 P13 2930 2930 2943 2930 2930 2930 2943 2930 2930
P14 3701 3703 3701 3701 3709 3703 3701 3701 3701

> P15 2779 2756 2756 2765 2756 2756 2756 2756 2756

P16 3364 3364 3364 3366 3364 3382 3387 3364 3364

P17 2758 2758 2822 2758 2758 2758 2822 2758 2758

3 P18 5318 5318 5318 5318 5318 5318 5318 5318 5318

P19 3034 3054 3034 3034 3085 3102 3038 3034 3034

20 P20 5873 5873 5873 5873 5869 5904 5873 5869 5869
P21 4554 4588 4554 4554 4573 4588 4554 4573 4554

> P22 9734 9754 9745 9734 9724 9754 9745 9724 9724

P23 4654 4677 4740 4654 4675 4667 4740 4675 4654

P24 8979 8989 8979 8979 8979 8997 8989 8979 8979

P25 7131 7142 7131 7131 7130 7142 7131 7130 7130

3 P26 14528 14478 14563 14528 14487 14478 14563 14487 14478

P27 8098 8136 8047 8059 8074 8120 8054 8049 8047

30 P28 14933 14973 14901 14933 14945 14906 14901 14908 14901
P29 13396 13378 13463 13396 13374 13489 13463 13374 13374
5 P30 25515 25536 25448 25515 25410 25536 25448 25428 25410

P31 12163 12203 12163 12229 12204 12279 12163 12163 12163

P32 24307 24369 24389 24334 24283 24391 24389 24283 24283
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Fig. 3. Location of each fixed and mobile equipment.
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Table 3. Input parameter specifications based on equipment coordinates and their related costs
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Table 6. Input parameters for minimum allowable distance between site equipment.
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Table 7. Input parameters for maximum allowable distance between site equipment.
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Table 8. Input parameters for travel cost between site equipment.
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Fig. 4. Results of the optimal response for cost in the weed algorithm.
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Fig. 5. Results of the optimal response for cost in the forbidden search algorithm.
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Fig. 6. Location of site equipment layout based on the results of the weed algorithm.

Stage #1 Stage #2 Stage #3
Frg "
F3 F3 F3
: F2
F6 F2 = F6 - F6& “"E4
F5 F5 k2

as gioo (G ki 19! gl (bl 3 Colw Wl lows Cunge .V SIS

Fig. 7. Location of site equipment layout based on the results of the forbidden search algorithm.
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Table 1. Notation and parameters of the research problem

S sles A=k sles
Sy o9 t oo Ol L
Sy aebp 38l o b oygo slawi b cole ol e olass T t-1 0,98 ;0 ke g ol Oljugas olaas |
tal> o 40 (S o0 g o) bigy g bl Slpgens olaws Fy J o1 Sl Jome b D> P;
o i . Ao e ;5] 91 Sligms s Gie g ,YO) is dis3p 5
J ol Slieas o alold gSlas 5 Sl DM D 722 5 e O s Q)JMM"FW": TCR;
&b, a e CO tal> o ,0 S oo Sljgss olass NMF;
I ; -1 e " "
t-l d.l;-).a B )L,.J 9_] S e alols DjO m J):z...,a s_JlM;.u ‘_gl).} Sdxo ‘Sd;ul.in u..\l; 6L‘°¢*—.‘.]"° FRCm
tal> e ,0] s g okl o alold D;; M S oo Ol (6lp 0o b e slaanso VRCp,
alo 55 50 5 ksl delaite lazses X9 Vo 1 gt alo e o M S e Sligess o S 2> @ @00
Sl loads cayyas B0 9 Job LXO,LyO 1 Ol 55 0 5 Qe Slaisee X, Y
1 58 00l iy ya3 (5,0 9 Jsbo Lx, Ly, Colo 3850 lansleie Slake X Y
Ol g dazme b 5o 4 5a RC Ol plraly anje TC
Sl e j0 1 cdge Sl 5l saze bolSe anje RCD Al o j3] 51 Slyegas e (M) 00 psd i 5l alold D
t—l 4.1.’>)c )»)L;.JM}Q ! t ¥
-1 gt al> o ,0 M S oxte Sligas 5 ol (e 00 (s iy Slalols DY
R : . . -1
t-1 alo o 0 ,Lil 5] e e alols D}O el ayse DC
(o Jowe) o l5e ! talo e 3] 50 5 ol e alet D)
)5 g oy slows N [EXCP k
[ 5] olse ooy alot D, t ol o | aj olse 31T sty some o asje 4;
2K G 4] o5 o1 sl olse bz anse .
/ G = Fiu * Dy, tobey pkaslyal s b asly 1 E) obr Fy
Loy ol K
wl'l.:).:‘):u)5w|):.c)oMboww;)]a))étolﬁ))o] u&odlflﬁﬁ‘\bw‘f‘f an

YA



Multi-Stakeholder Construction Site Layout Using
Metaheuristic Algorithms, Power System Technology,
Vol. 47 No. 4, 169-181.

[11] Shahebrahimi, S. S. Lork, A. Sedaghat Shayegan, D.
and Amir Kardoust, A. Shayegan, D. (2023). Solving
the Problem of Multi-Stakeholder Construction Site
Layout Using Metaheuristic Algorithms, Power System
Technology, Volume 47 Issue 4. :231-249.

[12] Shahebrahimi, S. S., Lork, A.D., Sedaghat Shayegan,
D. and Kardoust, A. A. (2024). Impact of construction
site layout planning optimization on Construction
Project Management (Case Study of Launcher/ Receiver

Stations in Pipeline Projects in

[13] Tao, G., Feng, H., Feng, J. et al. (2022). Dynamic Multi-
objective Construction Site Layout Planning Based on
BIM. KSCE J Civ Eng 26, 1522-1534. https://doi.
org/10.1007/s12205-022-0708-y.

[14] Salah, M.; Khallaf, R.; Elbeltagi, E.; Wefki, H. (2023).
Construction Site Layout Planning: A Social Network
Analysis. Buildings , 13, 2637. https://doi.org/10.3390/
buildings13102637.

[15] Maghfiroh, M. & Fikri, M. R. (2023). Cuckoo search
algorithm for construction site layout planning, IAES
International Journal of Artificial Intelligence (1J-Al)
12(2):851-860.

[16] Vu Hong Son, P., & Soulisa, F. (2023). A Hybrid Ant
Lion Optimizer (ALO) Algorithm for Construction
Site Layout Optimization. Journal of Soft Computing
in Civil Engineering, 7(4), 50-71. doi: 10.22115/
scce.2023.365303.1540.

[17] Hawarneh, A. A., Bendak, S., & Ghanim, F. (2021).
Construction site layout planning problem: Past, present
and future. Expert Systems With Applications, 168,
114247. https://doi.org/10.1016/j.eswa.2020.114247.

[18] Kaveh, A., Khanzadi, M., Alipour, M. et al. (2016).
Construction Site Layout Planning Problem Using Two
New Meta-heuristic Algorithms. Iran J Sci Technol
Trans Civ Eng 40, 263-275 https://doi.org/10.1007/
$40996-016-0041-0.

IYAY

&be

[1] Balakrishnan, J., Jacobs, F.R., and Venkataramanan, M.A.
(1992). Solution for the Constrained Dynamic Facility
Layout Problem, European Journal of Operational

Research, Vol. 57, pp. 280-286.
[2] Benjaoran, V., & Peansupap, V. (2019). Grid-based

construction site layout planning with Particle Swarm
Optimisation and Travel Path Distance. Construction
Management and Economics, 38(8), 673—688. https://
doi.org/10.1080/01446193.2019.1600708.

[3] Cai, W. Chen, H. and Zhang, J. (2020). An Enhanced
Invasive Weed Optimization in Resource-Constrained
Project Scheduling Problem,” 11th International
Conference on Awareness Science and Technology
(iICAST), Qingdao, China, pp. 1-7, doi: 10.1109/
1CAST51195.2020.9319493.

[4] Chiang, W. and Kouvelis, P. (1996). An Improved
Tabu Search Heuristic for Solving Facility Layout

Design Problems,” International Journal of Production

Research, Vol. 34, No. 9. pp. 2565-2585.

[5] Ghadiri, A, Sedaghat Shayegan, D. and Amirkardoust, A.
(2022). Multi-objective firefly optimization algorithm
for construction site layout planning”, Iranian Journal

of optimization, Volume 14, Issue 4, Page: 245 - 260.

[6] Glover, F. (1989). Tabu search—part I. ORSA Journal on
computing, 1(3), 190-206.

[7] Hansen, S. (2024). Lessons Learned from Construction
Site  Layout Planning

Investigacion, 44(1), e107160. https://doi.org/10.15446/

Practices. Ingenieria e

ing.investig.107160.

[8] Sedaghat Shayegan, D, Lork, A, Hashemi, AH. (2022).
Optimum cost design of reinforced concrete slabs using
Mouth Brooding Fish (MBF) algorithm, J Appl Eng Sci;
10(23): ISSUE 1 ART.NO. 290: pp. 95-100.

[9] Sedaghat Shayegan, D. (2022). Optimum cost design
of reinforced concrete slabs using a metaheuristic
algorithm, Int J Optim Civil Eng 2022; 12(4): 545-55.

[10] Shahebrahimi, S. S. Lork, A. Sedaghat Shayegan, D.
Amir Kardoust, A. (2023). Solving the Problem of


https://doi.org/10.1080/01446193.2019.1600708
https://doi.org/10.1080/01446193.2019.1600708
https://doi.org/10.15446/ing.investig.107160
https://doi.org/10.15446/ing.investig.107160
https://doi.org/10.1016/j.eswa.2020.114247
https://doi.org/10.1007/s40996-016-0041-0
https://doi.org/10.1007/s40996-016-0041-0

WAY B \YEO dotio VFF Jlo A oyl AV S el lpos ssign 4 s

CBO metaheuristic algorithm. Journal Int J Optim
11(4):599-610. https://doi.org/10.13140/
RG.2.2.14648. 85636.

Civ Eng

[26] Khorasan Province), Int J Optim Civil Eng. 4(1):83-93.
[27] Tsegay, F. G., Mwanaumo, E., & Mwiya, B. (2023).

Construction site layout planning practices in inner-
city building projects: space requirement variables,
classification and relationship. Urban, Planning and
Transport Research, 11(1). https://doi.org/10.1080/216
50020.2023.2190793.

[28] Yang, B., Fang, T., Luo, X. et al. (2022). A BIM-
Based Approach to Automated Prefabricated Building
Construction Site Layout Planning. KSCE J Civ Eng 26,
1535-1552 https://doi.org/10.1007/s12205-021-0746-x.

[29] Zavari, M., Shahhosseini, V., Ardeshir, A., & Sebt, M.
H. (2022). Multi-objective optimization of dynamic
construction site layout using BIM and GIS. Journal
of Building Engineering, 52, 104518. https://doi.

org/10.1016/j.jobe.2022.104518.

[30] Zhao, S. and L1, Z. (2014). Multi-objective Optimization
for Construction Site Layout Planning Problem under
Fuzzy Random Environment, Seventh International
Joint Conference on Computational Sciences and
Optimization, Beijing, China, 2014, pp. 641-645, doi:
10.1109/CS0.2014.148.

[19] Kaveh, A., Shirzadi Javid, A. A., Vazirinia, Y. (2024).
“Physics-inspired Metaheuristics for Construction Site
Layout Planning Problem”, Periodica Polytechnica Civil
Engineering, 68(1), pp. 68—87. https://doi.org/10.3311/
PPci.22902.

[20] Kaku, B.K. and Mazzola, J.B. (1997). A Tabu-Search
Heuristic for the Dynamic Plant Layout Problem,”

Informs Journal on Computing, Vol. 9, No. 4, pp. 374-
384.

[21] Lacksonen, T.A. and Enscore, E.E. (1993) Quadratic
Assignment Algorithms for the Dynamic Layout
Problem,” International Journal of Production Research,

Vol. 31, No. 3, pp. 503-517.
[22] Mehrabian, A.R. and. Lucas, C, (2006). A novel

numerical optimization algorithm inspired from weed

colonization, Ecological Informatics, Vol.1,pp 366-355.

[23] Osman, HM, Georgy, ME, Ibrahim, ME. (2003). A
hybrid CAD-based construction site layout planning
system using genetic algorithms. Automat Construct
12(6):749-764.

[24] Saberi, AA, Ahmadi, H, Sedaghat Shayegan, D,
Amirkardoust, A. (2023). Prediction of electricity
consumption using three meta-heuristic algorithms. Int
J Optim Civil Eng. 13(1):111-125.

D.

[25] Saberi, AA. & Sedaghat Shayegan, (2021).

Optimization of Haraz Dam reservoir operation using

J. Civil Eng., 57(8) (2025) 1365-1382.

DOI: 10.22060/cee].2025.23469.8168

D. Sedaghat Shayegan, M. Mashayekhi, Solving the Problem of Locating Construction Sites
Based on a Combination of Weeding Algorithm and Forbidden Search Algorithm , Amirkabir

o2 gl )l i ol & digSy

VYAY


https://doi.org/10.3311/PPci.22902
https://doi.org/10.3311/PPci.22902
https://doi.org/10.13140/RG.2.2.14648.%2085636
https://doi.org/10.13140/RG.2.2.14648.%2085636
https://doi.org/10.1080/21650020.2023.2190793
https://doi.org/10.1080/21650020.2023.2190793
https://doi.org/10.1007/s12205-021-0746-x
https://doi.org/10.1016/j.jobe.2022.104518
https://doi.org/10.1016/j.jobe.2022.104518
https://dx.doi.org/10.22060/ceej.2025.23469.8168

