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Abstract Effective allocation of multiple types of resources in large-scale construction projects is a key issue facing 
project management theory and engineering management practice at this stage. This paper constructs a system 
dynamics model of resource allocation for construction projects, and builds a resource allocation optimization model 
for construction site of construction projects with BIM and genetic algorithm, uses NSGA-III genetic algorithm to 
solve the model to obtain the Pareto frontier solution set, and adopts the method of distance between superior and 
inferior solutions (TOPSIS) to obtain the optimal solution, and verifies its feasibility and validity in the actual cases. 
The simulation results show that the insufficiency of funds and materials will directly produce a large schedule 
deviation, while the sufficient amount of funds and materials, although it can guarantee the construction progress 
to a certain extent, if it cannot be reflected in the number of labor and machinery, it will cause mismatches in the 
number of labor, materials and machinery, which will affect the efficiency of resource allocation. The NSGA-III 
genetic algorithm used in this paper can effectively solve the problem of optimal allocation of multi-project resources, 
and there is a significant reduction in the variance of resource consumption after configuration optimization. In 
addition, the degree of harmony of multi-project resource management using the method of this paper reaches the 
excellent level, which verifies the high efficiency of the model of this paper in the resource allocation in the 
construction site of a building project. 
 
Index Terms system dynamics, BIM, NSGA-III, TOPSIS, construction project resource allocation 

I. Introduction 
In construction projects, the allocation of resources on the construction site is a key link to ensure the smooth 
progress of the project [1]. It covers a variety of elements such as human, material and financial resources, and 
human resources include construction personnel, management personnel, technicians and so on [2], [3]. Material 
resources include construction materials, mechanical equipment, components, etc [4]. Financial resources, on the 
other hand, refer to the capital investment used for the project [5]. The reasonable allocation of these resources 
directly affects the progress, quality, cost and safety of the project, and the reasonable allocation is an important 
prerequisite to ensure the smooth implementation of the project and realize the expected goals [6], [7]. 

Resource allocation is not static, but needs to be dynamically adjusted according to the actual progress of the 
project [8]. When the progress of the project changes, it may be necessary to increase or decrease the input of 
human and material resources [9]. For example, if the progress of a certain construction stage is lagging behind, it 
is necessary to increase the manpower and equipment in time and take measures to catch up the work. Conversely, 
if the progress is ahead of schedule, resource allocation can be appropriately adjusted to improve the efficiency of 
resource utilization [10]. In the process of resource allocation, timely transmission and communication of information 
also play an important role [11]. It is important to maintain good information exchange between various departments 
and construction teams to share resource demand and supply in a timely manner [12]. By establishing an effective 
information management system, the efficiency and accuracy of resource allocation can be improved [13], [14]. In 
addition, external environmental factors may also have an impact on resource allocation at the construction site 
[15]. For example, weather changes may affect construction progress and material preservation, and changes in 
policies and regulations may lead to restrictions on resource acquisition and cost increases; therefore, these 
uncertainties should be fully considered and corresponding countermeasures should be formulated when resource 
allocation is carried out [16]-[19]. 

Zhong,Y. et al. proposed a quantitative analysis framework and model simulation based on this framework pointed 
out that uncertainty affects project performance and the mechanism of influence depends on the source of 
uncertainty, while technical and financial uncertainty mainly affects project cost, and proposed a strategy to cope 
with uncertainty from the perspective of resource allocation [20]. Dabirian, S. et al. emphasized the importance of 
human resource management for construction projects and based on the system dynamics approach, proposed a 
dynamic model for the efficient allocation of workforce, which can be accomplished prior to the project and during 
the project process with the required plans for the on-time supply and allocation of project workforce [21]. Kang, 
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L.S. et al. proposed an active resource allocation method that can change the actual resource mobilization level 
with the change of the construction period, which achieves the optimal use of the resources on the construction site 
and adopts a genetic algorithm to search for the optimal construction schedule in the resource mobilization plan, 
which is given a validation through an example [22]. Nikoukar, S. and Tavakolan, M. In order to address the 
inefficiency of decision making in site layout planning and resource allocation for construction projects, a simulation-
based methodology was proposed and validated as superior for industry professionals to make informed decisions 
and improve project outcomes in real-world construction projects [23]. Kusimo, H. et al. aimed at identifying the 
challenges and proposing solutions to resource management in the UK construction industry, through a survey it 
was concluded that most of the problems arose from the data management processes and pointed to the adoption 
of a big data approach to resource management in order to integrate large and different forms of data [24]. Khattak, 
S. and Qureshi, M.F. explored the process of resource allocation in construction projects, where project 
management, resource allocation, etc. were identified as the basis for the conceptual framework of resource 
allocation procedures and based on interviews revealed that resource allocation practices play an important role in 
improving the performance of the organization in construction projects [25]. Münker, S. et al. used an ontology-
based digital twin model from a production engineering context for implementing capacity-based online resource 
allocation for a construction-specific approach, illustrating that the model automates the control and planning of on-
site construction resource allocation [26]. Kang, S. et al. aimed to analyze the differences in human resource 
allocation guidelines and suggest improvements by analyzing the current status of human resource allocation 
guidelines of proclamations and laws, and suggested that minimum human resource requirements should be 
stipulated in the request for submission of proposals in order to flexibly manage human resource allocation and to 
reduce workloads in the process of building construction [27]. Li,Q. et al. explored the integrated problem of 
construction scheduling and resource allocation and developed a two-layer meta-heuristic consisting of Multi-
objective Particle Swarm Optimization (MOPSO) and interior-point method, i.e., MOPSO-inner-point algorithm, 
which was verified to not only reduce the cost of the resources, but also increase the utilization of the resources 
[28]. Kaviani, S. emphasized the importance of effective resource allocation for large-scale construction projects 
and utilized a multi-objective optimization framework in order to solve the resource allocation problem in construction 
projects, revealing the importance of adopting a systematic approach to resource allocation and providing insights 
into resource optimization in the built environment [29]. The above scholars expressed that resource allocation 
plays an important role in the success of construction projects, and proposed construction resource allocation 
optimization methods such as quantitative analysis framework, simulation, digital twin model, etc., which affirmed 
the effectiveness of these methods, and provided references for scholars in the field of construction, professionals 
in the field and so on. 

In this paper, the system dynamics model theory is applied to realize the construction of resource allocation model 
for large-scale engineering and construction projects, on the basis of which, a multi-objective optimization model of 
resource allocation for construction projects is constructed by combining BIM and genetic algorithm. Then, based 
on the NSGA-III algorithm, the Pareto frontier solution set of the model is solved, and the optimal solution for the 
deployment of objective value and process time parameters is obtained by the TOPSIS method. Finally, the model 
is used to simulate engineering examples, explore the resource allocation optimization strategy, and evaluate the 
effectiveness of the model. 

II. Multi-objective optimal resource allocation model for construction project sites 
In this chapter, based on the optimization framework of BIM and NSGA-III algorithm, combined with the system 
dynamics model, we constructed a multi-project resource allocation optimization model for construction site of 
building project with BIM and genetic algorithm, and used the distance between superior and inferior solution 
method (TOPSIS) to obtain the optimal solution for the deployment of target value and process time parameters. 
 
II. A. System Dynamics Model for Resource Allocation in Construction Projects 
II. A. 1) Dynamic feedback mechanism for large-scale construction projects 
1) Basic assumptions of the model 

There is no mature system dynamics model for resource allocation in large-scale construction projects [30], and 
in order to standardize the research, the following assumptions are made for the model: 

Assumption 1: From the perspective of the composition of the construction project cost, the project resources are 
divided into three categories: capital, materials, and labor, and the use of machinery and equipment is ignored for 
discussion here because of its small proportion relative to the three. 

Assumption 2: In the construction process of the whole project, without considering the influence of uncertain 
factors such as weather and site, the model simulates the condition under normal construction operation, and the 
labor productivity remains unchanged. 

Assumption 3: Based on the perspective of the project operation, rather than the perspective of project 
stakeholders such as the contractor or owner side. Taking capital as an example, it refers to the capital required in 
the actual construction process of the project. 

2) Causality Analysis 
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Regardless of what construction mode is used, what determines the construction progress of the entire project is 
the availability of resources and the operability of the work, both of which are interdependent and mutually 
constraining. The purpose of effective resource allocation is to make the whole project completed on time and not 
overspending under the premise of as much as possible to rationalize the arrangement of resources, to ensure the 
continuity of the construction process, to reduce the idleness and waste of resources. 

Resource availability is reflected by the cash flow, inventory materials, current labor force three variables, the 
cash flow situation determines the amount of inventory materials and the current labor force, which determine the 
construction schedule based on materials and construction schedule based on labor force, both of which hold each 
other back, collectively referred to as the construction schedule based on resources. 

The workability is determined by the sequence of processes and intervals during the construction of the project, 
both of which are one of the important characteristics of a construction project. The project's duration is constrained 
by both, even if parallel construction is used, when the working surface permits and resources are sufficient, so 
work maneuverability determines the fastest construction schedule achievable - the process-based construction 
schedule. 

Resource-based construction progress and process-based construction progress can be calculated by the actual 
construction progress and the actual amount of work done during the construction process, and both of them form 
a feedback mechanism for the inventory of materials and the current labor force, respectively. The amount of 
inventory consumption depends on the actual construction progress, while the actual completed workload and the 
current labor force is a negative feedback relationship. Based on the actual completed workload and the 
accumulated funds utilized, the SPI schedule performance and CPI cost performance measured by the Earned 
Value Method can be calculated to assess the overall effectiveness of project resource allocation. Such a dynamic 
cause and effect relationship increases the difficulty of resource allocation in large-scale construction projects, both 
to maintain the continuity of construction and ensure that the schedule is not delayed, but also must enable the full 
utilization of resources to reduce the total cost of the project, the overall cause and effect relationship of the 
construction project is shown in Figure 1. 
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Figure 1: The overall causal relationship of resource allocation in construction projects 

II. A. 2) System dynamics modeling 
Based on the overall cause-and-effect relationship shown in Figure 1, from a systems perspective, resource 
allocation for large construction projects consists of four subsystems: materials, capital, labor, and earned value 
indicators. The material subsystem reflects the entire turnover process of planning, acquiring, and using 
construction materials, and the labor subsystem describes how the current labor force is adjusted according to the 
workload and the required construction schedule. The acquisition and use of funds and the cash flow control of the 
above two variables constitute the cash flow subsystem, and ultimately the entire configuration effect is reflected 
through the earned value subsystem. 

These four subsystems interact and constrain each other in nature through the flow of funds. Based on the system 
dynamics, with cash flow (million yuan), inventory materials (tons), the current labor force (people / day), the 
cumulative use of funds (million yuan), the actual completion of the workload (square meters) as a state variable, 
set the target material coverage, based on the construction progress of the material, the rate of the material use 
rate and a number of related auxiliary variables and rate variables, can be composed to describe the large-scale 
construction projects, the complexity of the allocation of resources The dynamic feedback system model is shown 
in Figure 2. 
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Figure 2: Resource allocation model of large-scale construction projects 

II. B. Construction of BIM-based multi-objective evaluation system 
In this paper, a multi-objective optimization and integration method of construction progress in the pre-construction 
stage and construction stage of construction projects based on BIM+NSGA-III is proposed as shown in Fig. 3. First, 
the construction BIM model is constructed according to the engineering drawings [31], and the objective function is 
constructed based on the information of cost, duration, resources and other elements obtained by combining the 
management experts and the knowledge base of massive construction files. Second, the cost-duration relationship 
of delay scenario is considered, and the mathematical planning model is constructed based on the objective 
evaluation function. Third, the NSGA-III optimization algorithm framework is adopted. Optimize the key operating 
parameters and performance indicators. Find the optimal Pareto solution set. Fourth, the optimal solution is 
determined based on the TOPSIS method. 
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Figure 3: Multi-objective optimization process for resource allocation at construction sites 

II. B. 1) BIM-based data collection methods 
This paper establishes a BIM-based project model data to provide an information integration platform warehouse 
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for estimating construction time, cost and resources. To collect project time and cost parameters, the process from 
BIM model to engineering data is: 

1) Construct BIM model on the basis of engineering drawings and material information. 
2)Price calculation combined with the construction budget to derive the direct and indirect costs and resource 

requirements of each process, and the time distribution of each process is determined by experts. 
3) Decompose the project into manageable tasks based on WBS. 
4) Determine the construction process and logical relationships, and derive a structured data sheet for the 

schedule optimization problem (CSO). Through the structured data table of engineering data collection based on 
BIM+WBS, it provides engineering data basis for the construction of schedule-cost-resource balanced variance 
objective function. 

 
II. B. 2) Assessment of construction progress schedule 
In this paper, schedule evaluation technique (PERT) based approach is used to evaluate the duration, based on the 
time taken to complete an activity by PERT, the PERT technique defines four types of time, i.e., Optimistic Time 
(O ), Pessimistic Time ( P ), Most Probable Time ( M ), and Anticipated Time ( it ). The expected normal process time 

( it ) of the project is given by: 

 
4

6i

O M P
t

 
  (1) 

Based on the process duration ( it ) and the process immediately preceding relationship, the earliest start time 

( iES ) to the earliest completion time ( iEF ), and the latest start time ( iLS ) to the latest completion time ( iLF ) are 
calculated by calculating the process. Based on the time parameters, the total construction time of the project (TP ) 
and the total time difference ( iTF ) are determined by the following equation: 

 { }iTP Max EF  (2) 

 i i i i iTF LS ES LF EF     (3) 

where i  is the sequence of processes. 
 

II. B. 3) Construction cost assessment 
The construction cost is mainly composed of direct and indirect costs, the direct costs include personnel, materials, 
machines, etc., and the indirect costs include regulatory fees and corporate overheads, etc. The duration it  of 

process i  and its direct cost ( ziC ) have a certain correlation. When the duration of a process is shortened, there 
is an increase in labor, machinery, etc., and the direct cost increases. At the same time, the duration of the process 

it  affects the proportion of its indirect cost jiC  and shows a positive correlation, the shorter the duration of the 
process, the lower the shared indirect cost. In addition, the increase in direct costs accelerates as the construction 
time is shortened. This is because the shorter the operation time, the greater the decrease in labor efficiency and 
the greater the increase in measure costs. As the construction time is shortened, the decline in indirect costs slows 
down and does not tend to zero. Based on this, the process time and cost relationship function model is shown in 
the following equation: 

 2( )zi zni i ni iC C t t    (4) 

 2( )ji jli i li iC C t t    (5) 

where 2
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i
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



 is the rate of increase of the amount of the direct cost in case of a reduction in the duration 

of process i . 2
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( )
jmi jli

i
ni li

C C

t t






 is the rate of decrease in the amount of the direct cost when the duration of process 

i   is shortened. zmiC   is the direct cost of process i   normal time. zliC   is the process i   limit time direct cost 

amount. jniC  is the amount of indirect cost attributed to process i  normal time. jliC  is the indirect cost attributed 

to the i th process limit time. mit  is the i -normal operating time of the process. lit  is the i  extreme operating 
time of the process. 

The owner usually establishes a bonus system for completing the work before the total contract time. The project 
contract also stipulates the penalty rules for project delays, and this paper only considers the case of completing 
the project ahead of schedule. In summary, the construction cost iC  takes the duration of each process it  as the 
variable, assuming that the total number of processes is N , and combining Eq. (4) and Eq. (5), the following cost 
model is established: 
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where wC   is the early completion bonus.    is the growth rate of early completion bonus payment. T   is the 

contract duration. pT  is the actual project duration. 
 

II. B. 4) Balanced assessment of construction resources 
Reasonably reduce the unevenness of integrated resource demand in construction is conducive to shorten the 
duration and reduce the cost, this paper is based on the BIM + WBS method for the process deployment of 
resources, assuming that the hourly demand for various resources of each process is unchanged, there are a total 
of N  processes, then the process i  unit time for q  kinds of resource demand matrix is expressed as: 

 1 2[ , ,..., ,..., ]q n qRi Ri Ri Ri Ri  (7) 

where qRi  is the matrix of demand for q  resources by process i  and ( 1, 2,..., )nRi n q  is the hourly demand for 

resource n  by process i . 
The above is based on the resource demand matrix under the fixed process duration, in order to calculate the 

resource demand distribution in the dynamic, according to the experience, the shortening of process time will lead 
to the increase of resource demand per unit time, in order to simplify the calculation, this paper based on the 
engineering practice and expert experience will process i  of q  kinds of resources converted to the integrated 
resource demand oRi , and put forward the following empirical formulas: 

 ( 1)
100
ni i

qt q

t t
Ri Ri


    (8) 

 o qt zRi Ri R   (9) 

where qtRi  is the resource demand over time; oRi  is the combined resource hourly demand; and zR  is the matrix 
of inter-resource conversions based on expert experience. 

The measures of resource equilibrium include resource variance, resource moments, and absolute resource 
deviation. In this paper, the integrated resource variance is used as the evaluation function: 

 2

1

1
[ ( ) ]

PT

q m
P

MinR R t R
T

   (10) 

where qR  is the integrated q  resource variance per unit time, ( )R t  is the integrated resource demand at time 

t , mR  is the average integrated resource demand intensity, and pT  is the actual total construction period. 
 

II. C. Model construction for optimal allocation of resources in construction projects 
II. C. 1) Description of the optimization problem 
Optimization problems, also called constrained optimization problems, are problems with with constraints that are 
transformed into a problem of maximizing an objective function, and then solving this objective function. The 
maximum value of the objective function can be the minimum cost, the shortest duration, or the maximum benefit, 
and the variables of the objective function satisfy certain constraints. The optimization problem can be summarized 
as follows, taking the minimum value as an example: 

 
1

2

min ( )

0

0

0 1,2,3,

.

i

f x

x

x

x i i

st 

  

 (11) 

where ( )f x  is the objective function and x  denotes the variable with i  equal constraint ranges. 
There are two main methods for solving optimization problems: one is the deterministic method, which requires 

more constraints on the objective function, and in addition, the requirements on the objective function are more 
stringent, requiring that the objective function is continuous and the limit exists. The second is the stochastic search 
method, which is diametrically opposite to the first method, which does not require a function link and the limit exists, 
so the second method is widely used. When dealing with optimization problems, in order to simplify the process, 
the optimization problem is usually transformed into the optimal value problem first, which can simplify the problem 
and can deal with the problem better. In this paper, we try to solve the optimization problem by using the genetic 
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algorithm based on NSGA-III, which is programmed by MATLAB software. The optimization problem is solved by 
programming the function constraints to solve the optimal solution. 

 
II. C. 2) Multi-project Resource Allocation Objective Function Construction 
In the parallel construction of multiple projects, the phenomenon of resource competition and resource waste will 
occur between projects, which requires enterprises to study how to achieve optimal allocation of resources in the 
parallel construction of multiple projects. When analyzing, the following issues need to be considered. 

1) Constraints 
There are mainly two kinds of constraints encountered in resource allocation during the process of multi-project 

parallel construction, one is the constraint of logical relationship, which is mainly the constraint between work and 
work: the second is the constraint of resource class, which is mainly due to the constraints arising from the finiteness 
of resources. 

(1) Logical relationship constraints 
The logical relationship between the work processes is the relationship between the immediate work and the 

immediate work constraints, usually can be expressed using network diagrams. In the management process of 
multi-project parallel construction, the logical relationship constraints between processes are expressed by the 
formula: 

 ( , )max
ijij i h P ihS c  (12) 

where ijS  is the start time of process ( , )i j , ijP  is the set of immediate work for process ( , )i j , ihP  is the duration 

of process ( , )i j , and ihC  is the completion time of process ( , )i h , and ih ih ihC P S  . 
(2) Resource-based constraints 
For building construction enterprises, resource constraints are relatively important. In the process of multi-project 

parallel construction management, the resource constraint is expressed by Eq: 

 
( , )

ijk K
i j At

l R


  (13) 

where denotes the number of projects, j  denotes the number of jobs, k  denotes the number of resources, ijkl  

denotes that the number of resources needed for job ( , )i j  is k , and KR  denotes that the supply of resources 

needed for the project is k . 
2) Objective function 
Generally speaking, the project objectives include cost objectives, schedule objectives, and quality objectives. 

Multi-project resource allocation objective function is basically as follows: 
(1) Schedule objective function: 

 
1

min
N

i i
i

p

  (14) 

where i  is the weight of item i . 
(2) Resource objective function 
In the multi-project resource allocation problem, resources are generally considered as project constraints, but 

under certain conditions, the resource objective function is divided into two kinds. The first type of objective function 
is in a certain time period, the enterprise integrated management office through the progress plan formulated before 
the start of the project, the enterprise has the manpower, capital and other resources for rational allocation, you can 
express the objective function as: 

 
1

min ( )2
ijCK

k kt k
k t sij

D D
 

   (15) 

where kD  indicates that time t  has a resource demand of k . 
The second type of objective function is that each project department in a certain time period on the basis of 

enterprise resource allocation plan, in order to achieve the minimum cost as the objective function, through the 
rational allocation of resources, to achieve the maximization of corporate profits, can be expressed as the objective 
function: 

 
1

min ( )
K

k k
k

C R

  (16) 

where ( )k kC R  is the cost function of resource k . 
(3) Financial objective function 
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In the case of parallel construction of multiple projects, the difference between the cash inflow and cash outflow 
of the project, also known as the net present value (NPV), is used as the formula for the objective function: 

 
1 1

max exp( )
N J

ij ij
i j

NCF ac
 

  (17) 

The objective function of Equation (17) transforms the cash flow of all construction tasks of the project into the 
net cash flow corresponding to the completion of that work, which is expressed by NCF, where ijNCF  denotes the 

net cash flow of the j th job of the i th project of the multi-project when the i th job is completed, and   denotes 
the discount rate. 

3) Mathematical model construction for multi-project resource allocation 
In this paper, in order to solve the multi-project resource allocation, the resources within the time interval T  

are taken as the data to build the mathematical model. Therefore, this paper needs to make the following 
assumptions: 

Assumption 1: Within the time interval T , the number of projects undertaken by the enterprise is constant, and 
there will be no start of a new project, or end of an old project within this time period. 

Assumption 2: According to the schedule of the project, the amount of resources that can be supplied for each 
job within the time interval T  is constant, and there will not be a situation where the amount of resources that 
can be supplied will not reach the amount of resources needed for the job, i.e. the objective function established 
does not take into account other costs. 

Assumption 3: Transportation costs arising from the deployment of resources within the enterprise between 
projects are not taken into account. 

Based on the above assumptions, the resource allocation problem in multi-project parallel construction can be 
viewed as the sum of n  intra- T  resource allocation problems in the case of insufficient total resource supply. It 
can be established that because the total amount of resources within the enterprise is insufficient to support the 
production of all projects, the total project loss can be minimized through resource allocation. The objective function 
is as follows: 

 
1

min min
m

i i
i

Z H t c


    (18) 

During the construction of the project, the total amount of resources in the resource pool within the enterprise is 
not enough to support the production of all the projects, resulting in the limitation of the resources required for all 
the work in the production of the project, at which time ijkl  shall meet the following conditions: 

 
1 1
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iem

ijk K
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    (19) 

Let the number of resources required for the work on the critical line in project i  in time period T  be kr , and 

the number of its obtained resources be Kl , such that ict  denotes the planned working time of the critical line 

( )ict T   , and ict
   denotes its actual working time. Taking the principle of constant total consumption of each 

resource for the same lane of work, it can be seen that: '
eatc ickticr l  i.e., / , 1, 2,3,ic kk kkt r l k n    . Therefore, the 

time equation for the delay of item i  can be expressed as follows: 
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i ie
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t r l
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l


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The time delay due to insufficient supply of resources for all non-critical lines of work in project i  during time 
period T  can be expressed as: 

 
( )

max s sk sk
s

sk

t r l
t

l

 
   

 
 (21) 

In the process of project production, each work will use N  kinds of resources, which use N  kinds of resources 
together to support the successful completion of the work, less a supply of resources will lead to an increase in the 
duration of the work. In resource allocation, in any case, for the work j  being carried out in project i  in multi-

project parallel construction, the following relationship should be satisfied between the quantity of supply ijkl  and 

the quantity of demand ijkr : 

 1, 2,3, ,   0 1  ijk ij ijk ijl r k n     。  (22) 

In the above equation, ijkl  denotes the supply of resources, ijkr  denotes the demand of resources, and ij  
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denotes the resource allocation coefficient. 
In summary, the mathematical model of resource allocation that minimizes the project loss due to insufficient 

resource supply during parallel construction of multiple projects can be derived by substitution as follows: 

 
1

1
min min 1

m

i

Z H T c


  
         

  (23) 
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 if ic ift T    (25) 

II. C. 3) Multi-Project Resource Optimization Model Solving 
(1) NSGA-III based Genetic Algorithm Solution Modeling 

In this paper, genetic algorithm [32] NSGA-III algorithm [33] library is used to iteratively solve the Pareto frontier 
to find the optimal solution. The idea is to generate the optimal solution by sorting and selecting the offspring of the 
population. The process is as follows: first, an initial total population of size P  is randomly generated, and the next 
generation of the population is generated by selection, crossover and mutation based on a genetic algorithm with 
non-dominant sorting. Second, starting from the second generation, the parental population is merged with the 
offspring population, and it is subjected to a fast nondominant ordering to assign individuals to different nondominant 
strata. Third, the optimal individuals are selected to construct a new population based on the distance to and 
coverage of the reference point. Fourth, the genetic algorithm is utilized to continue generating the next generation 
of individuals. The above steps are repeated until the termination criteria are satisfied, thus obtaining the Pareto 
frontier. 

(2) TOPSIS-based program selection 
In order to find the optimal solution of construction performance objectives and process duration from the Pareto 

frontier, this paper adopts the TOPSIS method [34]. The scores of the candidate solutions are calculated and ranked 
by the Euclidean distance from the most optimal solution and the most negative optimal solution: 

 i
i

i i

D
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D D



 


 (26) 

where iS  is the score of the i th solution and takes the value in the range [0, 1]. iD
  is the Euclidean distance 

from the i th solution to the most negative solution. iD
  is the Euclidean distance from the i th solution to the 

optimal solution. The maximum iS  denotes the best solution found from the Pareto frontier. In particular, iD
  and 

iD
  can be expressed by the following equation: 
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where m  is the total number of objectives, ijx  represents the position hi  solution j  scale, and jZ
  and jZ   

are the most optimal and the most negative solution among all solutions. The jZ
  and jZ   can be derived from 

the following equation: 

 1 2max[ , ,..., ]j j j ijZ x x x   (29) 

 1 2min[ , ,..., ]j j j ijZ x x x   (30) 

III. Simulation analysis of engineering cases 
This chapter evaluates the feasibility and practicality of the constructed multi-project resource allocation optimization 
model for construction projects through simulation and analysis of engineering cases. 
 
III. A. Model parameterization and model testing 
A hydroelectric power plant project adopts the construction of crushed concrete dam, with a crest elevation of 
1520.00m, divided into 36 dam sections. The C2 section of the dam is the object of simulation test, the volume of 
its crushed concrete project is 1.358 million m3, the total cost is 470.389 million yuan, and the planned construction 
period is 1400 d. Apply Vensim software for model simulation, set the simulation period as 1400 d, and the step 
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length is 1 d. Simulate the foundation scheme current l, set the planned capital turnover days of the foundation 
scheme as 100 d, and the planned aggregate turnover days are 7 d. The current l model is simulated as the 
foundation scheme current l, and the planned capital turnover days are 100 d, and the planned aggregate turnover 
days are 7 d. 100d, planned aggregate turnover days for 7d, current l model simulation results are shown in Figure 
4. 

The results show that the project was successfully completed within the planned construction period of 1400d. 
The actual construction intensity simulated after considering the delayed factors of acquiring resources such as 
funds and materials has some deviation from the planned construction intensity of the project, but its trend is 
basically the same, indicating that the model is stable. 

 

Figure 4: Simulation results of the Current 1 model 

The number of laborers and machinery simulated by the base scenario current l to match the planned construction 
intensity is shown in Figure 5, with the maximum number of vibratory mills required being 9 and the maximum 
number of laborers required being 76. 

 

Figure 5: The planned construction intensity matches the quantity of resources 

III. B. Resource Allocation Strategy Study 
In the actual construction process, the labor force and vibratory mill can be adjusted by self-feedback according to 
the construction progress deviation because of its reuse characteristics, so the regulation object of resource 
allocation in this paper is funds and materials, that is, on the basis of the basic program Current 1, adjusting the 
number of days of planned capital turnover and the number of days of planned aggregate turnover, designing five 
kinds of resource allocation programs, and investigating the influence of different resource allocation strategies on 
the The impact of different resource allocation strategies on the construction progress, the specific simulation 
program setting parameters are shown in Table 1. 

Table 1: Design of research scheme for resource allocation strategy 

Scheme Name The floating proportion of the planned capital turnover days The floating proportion of the planned aggregate turnover days 

Current 1 0 0 

Current 2 -24 -24 

Current 3 +24 +24 

Current 4 +24 -24 

Current 5 -24 +24 

 
The simulation results of Current 2~5 are shown in Fig. 6's (a)~(d). Observation of Fig. 6 shows that: 
1) When the resource allocation scheme is Current 2, due to the low level of capital and material input in this 
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scheme, the actual construction intensity cannot meet the demand of planned construction intensity, thus generating 
a large schedule deviation, resulting in the project not being completed on schedule. The lack of materials also 
makes the labor force matching with the planned construction intensity to appear nesting phenomenon, vibratory 
mill idle phenomenon. 

2) When the allocation of resources is Current 3, the allocation of resources is higher than the planned 
construction intensity needs. Sufficient funds and materials enable the project to be completed 160d ahead of 
schedule, but because the number of laborers and vibratory mills is limited by the size of the construction site, the 
continuous increase of funds does not enable the number of laborers and vibratory mills to continue to increase, 
and the project is unable to further shorten the construction period. The progress performance index (CPI) and cost 
performance index (CPI) after resource excess are shown in Fig. 7, and the CPI is less than 1, which indicates that 
the cost of the project is too high and is not economical. 

3) The simulation results of scheme Current 4 are similar to Current 2. The actual construction intensity is 
constrained by the lack of materials, the actual amount of completed works does not reach the planned amount of 
works, and the increased funds become idle funds because of the mismatch of materials, resulting in the loss of 
time value of money. 

4) Current 5 resource allocation strategy could not be realized in the actual construction, although the planned 
aggregate turnover days increased, but the lack of funds made the plan could not be realized, and the project was 
stalled and could not be constructed. It shows that funds determine the status of access to labor, aggregate, and 
vibratory mills, and that funds are the most basic resource of the project. 

  

(a) Current 2   (b) Current 3 

  

(c) Current 4    (d) Current 5 

Figure 6: Model simulation results 

 

Figure 7: Current 3 progress and cost performance index 
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III. C. Evaluation of the effectiveness of NSGA-III genetic algorithm 
This section assesses the effectiveness of the model solving algorithm used, i.e., the NSGA-III based genetic 
algorithm, for resource allocation optimization from both macro and micro perspectives. 
 
III. C. 1) Macro perspective 
Before studying the problem of balanced allocation of resources in multiple projects, it is necessary to define in 
advance the “degree of resource consumption” variable R , that is, the actual use of different resources for non-
discriminatory conversion, indicating the size of the degree of resource consumption per unit of time, R  value is 
taken by experienced resource managers in conjunction with the specific project data, the range of values between 
1 and 10. The range of values taken is between 1 and 10. 

For the convenience of the study, three sub-projects are selected from the project simulation case of the C2 
section of the crushed concrete dam, named as 1# project, 2# project and 3# project, each of which will contain 
nine parts of the operation process. The total construction period of 415 days is divided into 14 months, and the 
size of resource consumption is expressed in terms of months. The resource consumption before and after the 
optimized configuration is shown in Fig. 8, respectively. 

After calculation, the variance of resource consumption before configuration is: 2
1 =69.334 , and the variance of 

resource consumption after configuration is: 2
2 =38.106 . It is not difficult to see that the fluctuation of the degree of 

resource consumption after configuration is smoother than that before configuration, indicating that the genetic 
algorithm based on NSGA-III has a better effect on solving the multi-project resource optimization allocation model. 

 

Figure 8: Optimize the resource consumption before and after configuration (1) 

III. C. 2) Micro perspective 
Assuming that the configuration of each of the three projects is optimized for a certain fixed resource R  in a fixed 
time period (12 days), the sum of resource consumption before and after the optimization is shown in Figure 9. The 
variance of resource consumption before configuration is: 2

1 =147.675 , and the variance of resource consumption 

after configuration is: 2
2 =3.642 . The resource consumption variance before and after configuration has a large 

and obvious change, which shows that the genetic algorithm based on NSGA-III can effectively solve the problem 
of multi-project resource optimization and allocation. 

 

Figure 9: Optimize the resource consumption before and after configuration (2) 

III. D. Harmonized evaluation of multi-project resources 
In this section, the management entropy S  is chosen as the final index of the evaluation model to harmoniously 
evaluate the actual engineering project C2 section of the crushed concrete dam. In response to the specific problem 
of optimizing the allocation of multi-project resources in construction enterprises, the value of management entropy 
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S  can effectively reflect the reduction of resource management efficiency as well as the degree of chaos in the 
management process. The smaller the value of management entropy S , the better the management efficiency, i.e., 
the more harmonious the management. 

The management entropy S  evaluation model consists of five evaluation dimensions: organizational structure 
(A), management system (B), human resources (C), material resources (D), and internal and external environments 
(E), which are further subdivided into 15 evaluation indexes: departmental setup (A1), communication and 
coordination (A2), number of levels (A3), system operation (B1), system improvement (B2), and scientific decision-
making (B3), Configuration Demand (C1), Working Ability (C2), Teamwork (C3), Resource Constraints (D1), 
Resource Planning (D2), Dynamic Adjustment (D3), Risk Response (E1), Strategic Choice (E2), and Socio-
economic (E3). 

Sixteen experts were involved in the project evaluation. Each expert has been involved in the work for at least 5 
years, 10 experts have more than 10 years of work experience, most of them have bachelor's degree or above, all 
of them have rich experience in management of building and construction enterprises and management knowledge, 
and they have a deeper experience in the project resource management concepts and systems, which ensures the 
value and significance of the survey data. Through five surveys, a correlation test was derived to satisfy the 
significant correlation between the indicators at the level of 0.1 (two-sided).The results of the 16 experts' ratings are 
shown in Table 2, and the correlation results are shown in Table 3. Among them, ratings 1 to 5 indicate poor, feasible, 
fair, good and excellent, respectively. 

Table 2: Expert Scoring 

Index 
Scoring frequency 

1 2 3 4 5 

A1 0 0 0 0.8125 0.1875 

A2 0 0 0.1875 0.8125 0 

A3 0 0 0.625 0.25 0.125 

B1 0 0 0 0.8125 0.1875 

B2 0 0 0.4375 0.3125 0.25 

B3 0 0 0.375 0.375 0.25 

C1 0 0 0.125 0.625 0.25 

C2 0 0 0.3125 0.625 0.0625 

C3 0 0 0.375 0.5 0.125 

D1 0 0 0.375 0.4375 0.1875 

D2 0 0 0.25 0.5 0.25 

D3 0 0 0.125 0.625 0.25 

D4 0 0 0.0625 0.5625 0.375 

E1 0 0 0.4375 0.25 0.3125 

E2 0 0 0.3125 0.5 0.1875 

E3 0 0 0 0.5625 0.4375 

 

Table 3: Correlation result 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 D4 E1 E2 E3 

A1 1                

A2 -0.83 1               

A3 0.85 -0.67 1              

B1 -0.25 0.22 -0.18 1             

B2 -0.24 0.45 -0.38 0.73 1            

B3 -0.37 0.31 -0.27 0.71 0.96 1           

C1 -0.25 0.34 -0.25 -0.33 -0.08 -0.21 1          

C2 -0.32 0.07 -0.31 0.46 0.263 0.18 -0.61 1         

C3 -0.22 -0.40 0.16 0.40 0.12 0.26 -0.83 0.56 1        

D1 0.20 0.21 0.22 0.03 -0.17 -0.19 -0.11 -0.04 0.09 1       

D2 0.38 0.10 -0.23 -0.06 0.14 0.14 -0.09 0.16 0.02 -0.853 1      

D3 -0.24 -0.03 -0.15 -0.15 -0.02 -0.01 -0.12 0.24 0.08 -0.71 0.99 1     

D4 -0.14 0.10 -0.15 -0.16 0.14 0.14 0.25 -0.04 0.22 0.46 -0.31 0.71 1    

E1 -0.14 0.35 -0.23 0.04 0.33 0.26 0.39 -0.29 -0.35 0.19 -0.11 -0.31 -0.18 1   

E2 0.25 -0.33 0.32 0.04 -0.15 -0.06 -0.44 0.22 0.34 -0.23 0.23 0.45 0.18 -0.86 1  

E3 0.16 -0.29 0.22 -0.11 -0.13 -0.05 -0.14 -0.05 0.13 -0.05 0.01 0.22 0.15 -0.66 0.65 1 
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Assuming that the expert panel consists of n  members and scores the indicators on 16 indicator layers, each 

of which has been scored by n   experts, and the total score of the indicator is i iD x  , the weights of the 

indicator i  are: 

 
i

i
i

D

D
 

  (31) 

The standardized score for each indicator is: 

 
50

i
i

D
X   (32) 

 ln
is B i id K X X  (33) 

where BK  is the management entropy coefficient, indicating the industry ratio. 
According to the above formula, the resultant values of the relevant coefficients can be calculated as shown in 

Table 4. 

Table 4: Correlation parameter 

 Total score of indicators iD  Weight i  Index standard score iX  Entropy value 
is

d  

A1 67 0.066 1.340 0.392 

A2 61 0.060 1.220 0.243 

A3 56 0.055 1.120 0.127 

B1 67 0.066 1.340 0.392 

B2 61 0.060 1.220 0.243 

B3 62 0.061 1.240 0.267 

C1 66 0.065 1.320 0.366 

C2 60 0.059 1.200 0.219 

C3 60 0.059 1.200 0.219 

D1 61 0.060 1.220 0.243 

D2 64 0.063 1.280 0.316 

D3 66 0.065 1.320 0.366 

D4 69 0.068 1.380 0.444 

E1 62 0.061 1.240 0.267 

E2 62 0.061 1.240 0.267 

E3 71 0.071 1.420 0.498 

 
Then the management entropy value matrix s  is: 

  1 1 16, , 0.392,0.243,0.127, ,0.498s s ss d d d      (34) 

The matrix of indicator weights is: 

    1 1 16, , 0.066,0.060,0.055, ,0.071
T T       (35) 

Denoting the correlation matrix by  , the entropy value S  is obtained as: 

 0.415S s       (36) 

Since when the entropy value S   is in the interval of          0,1 , 1,2 , 2,3 , 3,4 , 4,5  , the degree of harmony of 

balanced optimization of multi-project resources is excellent, good, fair, feasible and poor, respectively. level, 

feasible level, poor level, and  0.415 0,1 , so the evaluation result of the degree of harmony when using this 

paper's model for multi-project resource management is excellent level, which verifies the superiority of this paper's 
model. 

IV. Conclusion 
In this paper, a system dynamics model of resource allocation for large engineering construction projects is 
constructed, and a multi-objective optimization model for resource allocation on construction project sites is 
constructed by combining BIM, NSGA-III algorithm and TOPSIS method, and the effectiveness of the model is 
evaluated. The conclusions obtained are as follows: 

(1) Insufficient funds and materials will directly lead to a large schedule deviation, while sufficient funds and 
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materials, although they can guarantee the construction schedule to a certain extent, the project cost is too high 
and is not economical. If the sufficient amount of funds can not be reflected in the number of labor and machinery, 
it will cause the mismatch in the number of labor, materials and machinery, which can not play a substantial role in 
progress control, and the excessive amount of funds at this time will also cause the loss of the time value of money. 

(2) Through the simulation of engineering examples, the multi-project resource optimization problem is explored 
from two perspectives: macro perspective and micro perspective. The experimental results show that the NSGA-III 
genetic algorithm has a good control effect no matter it is the macro-control of resources in the whole life cycle of 
the project, or the control of resources in a certain time period and a fixed resource. The actual implementation of 
the multi-project harmony evaluation was carried out, and the degree of harmony was  0.415 0,1 , reaching the 
excellent level, indicating that the use of NSGA-III genetic algorithm can effectively solve the problem of optimization 
of the allocation of resources for multi-projects. 
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