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Abstract. Various factors, including the nature of the utilized equipment, 
labour expertise, availability of resources, and meteorological 
circumstances, might impact the efficiency of work on construction sites. As 
a result, site and planning engineers must continuously monitor and assess 
construction progress considering site conditions and the performance of 
used construction resources. In multi-storey buildings, repetitive floor 
construction plan impacts enormously construction site sustainability. To 
identify an optimal set of construction resources, this 
paper presents Building Information Modelling-DIGITAL-TWINs (BIM-
DTs) framework, which planners and site engineers can use to easily 
monitor and control workflow progress of the repetitive floor. Using a 
digital model, DTs replicate the actual workflow process on a building site 
and guarantee a consistent information flow. To guarantee information flow 
between the building site and the digital model, several communication 
technology tools could be deployed and tested (High-definition site 
construction camera, regular site monitoring using drones, infrared smart 
sensors, etc.). The initial results of this research show an important 
improvement in the sustainability of construction sites. Reduced formworks 
oil consumption, improved human resource safety, and increased site 
resource profitability were observed in several treated real cases. 

1 Introduction 
In multistorey building, typical floor contains same structural elements which are repeated 
from one floor to another. Construction cycle (repetitive cycle) corresponds to the period of 
construction of all vertical (walls, columns, and beams) and horizontal (slabs) structural 
elements existing in the typical floor. The most effective way of completing the repetitive 
cycle is typically accomplished by defining an appropriate building plan and making efficient 
use of construction resources. This plan will be repeated from one floor to another impacting 

 
*Corresponding author: ali.istanbullu@asu.edu.om 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 603, 04005 (2025)	 https://doi.org/10.1051/e3sconf/202560304005
ISGST 2024



 
 

enormously the sustainability of the construction process. A sample of six-phase cycle is 
presented in Figure 1. Identifying the realization phase for each vertical and horizontal 
structural element is a strongly constrained problem with a large search space. Developing 
cycle plan needs deep site experience which enables the planning engineer to integrate 
technical construction constraints and generate a feasible solution. An efficient cycle plan 
could be identified but without a real possibility of optimization. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Sample of six phases of the typical floor construction plan. 

Considering changed site conditions and the uncertainty of used human and materials 
resources, the cycle plan must be reviewed and regenerated from time to time. Recently, a 
successful framework based on the Building Information Modelling-Digital Twins 
methodology (BIM-DTs) has been proposed to optimize the cycle plan [1]. However, the 
adopted assessment criteria consider only the balance of daily working hours. A better 
assessment of the cycle plan needs to consider a multicriteria function including the smooth 
usage of construction resources, environmental protection, and more accurate cost 
estimation. 

BIM provides a big support for designing and planning construction process. While DTs 
support monitoring and validating actual context around buildings. DTs lead to better 
management of building processes. A dynamic re-evaluation of environmental impacts, cost, 
and social aspects could be achieved [2]. Information confined in BIM and specifically its 
3D parametric models make it one of the most promising evolutions in the construction 
industry. Many BIM-based approaches are developed using automated processes of quantity 
take-off and accurate cost estimation [3, 4, 5]. Also, a time-cost optimization process using 
BIM and genetic algorithms has been developed to identify the optimal construction plan [6]. 
BIM facilitates the extraction of project information quickly and accurately. While genetic 
algorithms find the optimal solution. Digital construction facilitates the integration of new 
technologies, robotics, and automation in the construction industry. A lot of benefits could 
be achieved involving safety improvement, higher productivity, time saving, waste 
management, cost-effectiveness, and site monitoring [7]. 

This paper proposes a tool for the sustainability assessment of repetitive floor plan using 
BIM-DTs framework. Multicriteria assessment is considered. Proposed tool identifies 
automatically the list of structural elements to be realized in each phase of the cycle so that a 
sustainable cycle plan is developed and performed. 

 
 

2 BIM-DTs framework structure 

2.1 Workflow 

Figure 2 illustrates the structure of proposed tool to generate and perform optimized cycle 
plans. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. BIM-DTs framework structure. 

Building information model reveals needed data to generate a feasible cycle plan. Data 
such as bill of quantities (BoQ), position in architectural plan, and physical properties of 
structural elements are considered as input parameters for proposed tool. Other input 
parameters like allocated duration for repetitive floor, labour productivity (unit time rate), 
and cost rate should be provided by the user. 

The developed artificial intelligence system (AI system) includes six consecutive steps. 
In the first step, information related to the quantities of existing vertical and horizontal 
structural elements in the repetitive floor are automatically extracted. Step 2 focuses on 
generating construction technical constraints. These constraints ensure that all vertical 
structural elements in the floor I are realized before casting the slab zone in the upper floor 
(floor I+1). Also, any vertical structural element in floor I+1 can be realized just after 
completing the slab zone in floor I. Therefore, in step 2, a range of feasible realization phases 
(RFP) is identified for each vertical structural element without breaching technical 
constraints related to horizontal works (slab zones). A feasible cycle plan could be assessed 

Au
to

m
at

ic
 

qu
an

tit
y 

ta
ke

-
of

f

Te
ch

ni
ca

l 
co

ns
tr

ai
nt

 
ge

ne
ra

tio
n

In
iti

al
 

po
pu

la
tio

n 
of

 
fe

as
ib

le
 

so
lu

tio
ns

As
se

ss
m

en
t 

ci
te

ria

O
pt

im
iza

tio
n 

to
ol

 (G
As

)

Su
st

ai
na

bl
e 

ph
as

in
g 

id
en

tif
ic

at
io

n

AI system 

Physical Site Progress Digital Site Progress 
Simulation Data 

Real Data 

BIM 

Structural elements schedule 
Bill of Quantities. 

(Walls, Beams, Columns, and slabs) 

Input parameters. 

 Labor productivity 
 Allocated duration for 

repetitive floor. 
 Cost rates 

2

E3S Web of Conferences 603, 04005 (2025)	 https://doi.org/10.1051/e3sconf/202560304005
ISGST 2024



 
 

enormously the sustainability of the construction process. A sample of six-phase cycle is 
presented in Figure 1. Identifying the realization phase for each vertical and horizontal 
structural element is a strongly constrained problem with a large search space. Developing 
cycle plan needs deep site experience which enables the planning engineer to integrate 
technical construction constraints and generate a feasible solution. An efficient cycle plan 
could be identified but without a real possibility of optimization. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Sample of six phases of the typical floor construction plan. 

Considering changed site conditions and the uncertainty of used human and materials 
resources, the cycle plan must be reviewed and regenerated from time to time. Recently, a 
successful framework based on the Building Information Modelling-Digital Twins 
methodology (BIM-DTs) has been proposed to optimize the cycle plan [1]. However, the 
adopted assessment criteria consider only the balance of daily working hours. A better 
assessment of the cycle plan needs to consider a multicriteria function including the smooth 
usage of construction resources, environmental protection, and more accurate cost 
estimation. 

BIM provides a big support for designing and planning construction process. While DTs 
support monitoring and validating actual context around buildings. DTs lead to better 
management of building processes. A dynamic re-evaluation of environmental impacts, cost, 
and social aspects could be achieved [2]. Information confined in BIM and specifically its 
3D parametric models make it one of the most promising evolutions in the construction 
industry. Many BIM-based approaches are developed using automated processes of quantity 
take-off and accurate cost estimation [3, 4, 5]. Also, a time-cost optimization process using 
BIM and genetic algorithms has been developed to identify the optimal construction plan [6]. 
BIM facilitates the extraction of project information quickly and accurately. While genetic 
algorithms find the optimal solution. Digital construction facilitates the integration of new 
technologies, robotics, and automation in the construction industry. A lot of benefits could 
be achieved involving safety improvement, higher productivity, time saving, waste 
management, cost-effectiveness, and site monitoring [7]. 

This paper proposes a tool for the sustainability assessment of repetitive floor plan using 
BIM-DTs framework. Multicriteria assessment is considered. Proposed tool identifies 
automatically the list of structural elements to be realized in each phase of the cycle so that a 
sustainable cycle plan is developed and performed. 

 
 

2 BIM-DTs framework structure 

2.1 Workflow 

Figure 2 illustrates the structure of proposed tool to generate and perform optimized cycle 
plans. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. BIM-DTs framework structure. 

Building information model reveals needed data to generate a feasible cycle plan. Data 
such as bill of quantities (BoQ), position in architectural plan, and physical properties of 
structural elements are considered as input parameters for proposed tool. Other input 
parameters like allocated duration for repetitive floor, labour productivity (unit time rate), 
and cost rate should be provided by the user. 

The developed artificial intelligence system (AI system) includes six consecutive steps. 
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generating construction technical constraints. These constraints ensure that all vertical 
structural elements in the floor I are realized before casting the slab zone in the upper floor 
(floor I+1). Also, any vertical structural element in floor I+1 can be realized just after 
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after assigning a feasible realization phase for each structural element included in the typical 
floor. 

Identifying the best cycle plan represents a strongly constrained problem which has a 
large search space. For instance, 25 structural elements with 3 values of RFP for each element 
could lead to 253 (15625) potential solutions. Many optimization techniques could be used to 
identify the best solution. But Genetic Algorithms (GAs) are selected for its ability to conduct 
a rapid and global exploration of the search space. 

Consequently, in step 3, a first population of feasible solutions can be reached. In Figure 
3, every solution (a cycle) is shown as a chromosome with m genes (where m is the number 
of vertical elements). 

Fig. 3. The range of feasible phases (RFP). 

Each gene will be assigned a value from its RFP so that a chromosome (feasible solution) 
is formed as a vector as in Equation (1): 

ℎఫሬሬሬሬሬሬ⃗ܥ = [ ௜ܸ]௜ୀଵ
௠        ∀    ௜ܸ = ݎ      ݎ ∈ [1, 2,3, … … , ݊] (1) 

n = duration of cycle 

In step 4, the user will be required to provide the coefficient/importance of each 
assessment criteria (clarified in next paragraph) of the cycle plan so that the search for optimal 
solutions by GAs could be achieved (step 5 and 6). 

Digital twins’ technology is proposed to simulate the construction progress through BIM. 
Considering changed site conditions and the uncertainty of used human and materials 
resources, the cycle plan must be reviewed and regenerated from time to time. Accuracy and 
transparency of site data is ensured by combining BIM and digital twins. 

2.2 Assessment criteria 

The sustainability of each feasible solution is assessed based on the function as shown in 
Equation (2): 

ܨ = ∑ ∝௞∗ ௞(݆)ܨ   (2) 

∝௞ represents the weight (importance) of the criteria k. Several criteria could be 
considered during the assessment of the cycle plan as described below. 

2.2.1 The balance of phases working hours 

Balancing daily working hours on construction site improves the sustainability of repetitive 
cycle plan through the improvement of profitability and safety of human resources. Assigning 
a feasible realization phase for each structural element included in the typical floor leads to 
estimate needed working hours Cj(r, j) for structural elements carried out in a specific phase 
(r) of the cycle. Considering tm as average value of daily working hours needed for all 
structural elements in the typical floor, the balance of phases working hours could be assessed 
using following function as shown in Equation (3): 

ଵ(݆)ܨ = ∑ |௧೘ି஼௝(௥,௝)|
௧೘

௡
௥ୀଵ    (3) 

5,6,7 

     E1   E2     E3        Ej      Em 
   2     5      3      6    7 

1...4 2...6 2...5 6,7 

Chr. 

 
 

2.2.2 Reducing needed quantity of formwork 

Maximizing formwork usage rate leading to more sustainable solution through minimizing 
materials waste, increasing profitability performance, and reducing formworks oil 
consumption. The adopted function to assess formwork usage performance is shown in 
Equation (4): 

ଶ(݆)ܨ = ∑ ௅௕೏(௝)ି௅௕ೕ(௥,௝)
௅௕೏(௝)

௡
௥ୀଵ   (4) 

 .ௗ(݆) represents the total needed length of vertical formworksܾܮ
ܮ ௝ܾ(ݎ, ݆) represents the length of vertical formwork used during the phase r. 

2.2.3 Reducing times number of forms assembly and separation 

The dimensions of the structural elements selected to be realized in each phase of the cycle 
control forms assembly and separation times number. The function in Equation (5) is adopted 
to assess this criterion. 

ଷ(݆)ܨ = ∑ ஺௖௖(୰,୨)ାୈୟୡୡ(୰,୨)
ଶ∗୬∗௄೔

௡
௥ୀଵ   (5) 

Acc(r, j) represents the times number of forms assembly in the phase r. Dacc(r, j) represents 
the times number of forms separation in the phase r. ܭ௜ is the total number of forms on 
building site. Reducing the value of ܨ(݆)ଷ leads to better site safety conditions and improved 
profitability of formworks. 

3 Results  
Proposed BIM-DTs framework has been applied and validated through several real cases. 
Comparison between the manually generated solutions and the solutions generated by 
proposed framework shows important gains in site sustainability. For instance, proposed 
framework is used to generate 10 phases cycle plan for 70 flats building project. Table 1 
shows data for 10 phases cycle generated manually by site engineers. 

Table 1. Manual solution. 

The phase 
r of cycle 

Working 
hours 

Needed 
formwork [m2] 

Times number of forms 
assembly & separation 

1 85 100 10 

2 56 84 13 

3 81 103 10 

4 78 102 15 

5 85 106 9 

6 84 96 12 

7 65 105 15 

8 90 107 19 

9 73 97 15 

10 43 60 6 

Max/Total 90 107 124 
Results presented in table 2 and table 3 are for optimized solutions generated by BIM-

DTs framework adopting different weight values of the assessment function. In the first 
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Proposed BIM-DTs framework has been applied and validated through several real cases. 
Comparison between the manually generated solutions and the solutions generated by 
proposed framework shows important gains in site sustainability. For instance, proposed 
framework is used to generate 10 phases cycle plan for 70 flats building project. Table 1 
shows data for 10 phases cycle generated manually by site engineers. 

Table 1. Manual solution. 

The phase 
r of cycle 

Working 
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Needed 
formwork [m2] 

Times number of forms 
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optimized solution higher weight has been allocated to the third criterion. It is clearly stated 
that reducing assembly and separation times number of forms impacts negatively total needed 
quantity of formwork. However, higher weight has been allocated to the first criterion in 
second optimized solution leading to better balance in phases working hours and lower 
quantity of needed formworks. Comparing the manual solution to optimized ones, it is clearly 
stated that better balanced values of working hours and higher profitability of formwork are 
achieved. Unbalanced working hours highly reduces labor productivity and negatively 
impacts safety conditions on building sites. Also, reducing the needed quantity of formwork 
improves site environmental performance. 

Table 2. Optimized Solution 1. 

Criterion weight 0.3 0.2 0.5 

The phase r of 
cycle 

Working 
hours 

Needed formwork 
[m2] 

Times number of forms 
assembly & separation 

1 83 111 11 

2 69 91 8 

3 79 93 7 

4 76 102 5 

5 71 88 9 

6 69 89 9 

7 80 107 6 

8 81 94 10 

9 51 71 5 

10 75 95 4 

Max/Total 83 111 74 

Table 3. Optimized Solution 2. 

Criterion weight 0.5 0.2 0.3 

The phase r of 
cycle 

Working 
hours 

Needed formwork 
[m2] 

Times number of forms 
assembly & separation 

1 74 96 9 

2 72 98 12 

3 73 91 5 

4 71 98 10 

5 78 92 12 

6 71 93 10 

7 81 92 12 

8 74 98 11 

9 75 98 10 

10 66 85 6 

Max/Total 81 98 97 

 
 

4 Conclusion and future work 
Proposed framework generates optimized cycle plan to realize typical floor in multistorey 
building. Important productivity and site profitability gains are achieved. To validate the 
effectiveness of proposed framework, it is used to generate solutions for many real projects. 
Notable improvements in site sustainability are achieved through lower amount of needed 
construction resources, better safety conditions, and lower formworks oil consumption. More 
analysis and adjustment of input parameters could improve the performance of the proposed 
framework. In this paper, a framework combining BIM and DTs is developed. While 
monitoring site progress and having a continuous flow of information is ensured by digital 
twins, the main issue continues to be combining data in various formats from diverse 
technology sources. In the context of achieving sustainability objectives, more advanced 
construction technologies should be used. Technologies like Internet of Things (IoT), 3D 
printing, and robotics could be integrated to our framework, and they represent a high 
potential of future work and development. 
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