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Abstract This paper proposes the use of LOB method for repetitive project scheduling solution, and the use of branch limit
algorithm to optimize LOB resource allocation to provide the best resource distribution scheme for construction projects.
The control process types are analyzed and the time parameters of the LOB method are calculated. Introduce the resource
constraint problem of repetitive projects, establish the objective function, put forward the relevant constraints of LOB resource
allocation, combine the branching strategy, limiting strategy and pruning strategy, and construct the resource allocation
process of LOB scheduling based on the branching and limiting algorithm. Select the parameters number of processes (n),
maximum employable amount of processes (Ej), and deadline tightness (), and conduct random generation tests to compare
the performance of different LOB scheduling methods. The LOB scheduling schedule problem is described in the context of a
construction project example, and the LOB resource allocation problem is solved by the branch-and-bound algorithm to obtain
the optimal resource allocation scheme. Calculate the duration of each process after transformation is 12, 23, 13, 17.1, 12, 12.

And the end time of the last process is 44.3, which satisfies the contract duration.

Index Terms LOB scheduling, branch limit algorithm, resource constraints, resource

allocation, repetitive project scheduling

I. Introduction

ith the development of globalization of the economy,
W it leads to changes in the organizational scale and
production organization of enterprises, which tend to be more
project-oriented. Project scheduling problems exist in various
industries, especially in the engineering project construction
industry, project scheduling has become an efficient and
necessary planning and management technology. Traditional
research on project scheduling problems has been deepened
and refined to form a more scientific theoretical system [1]-
(31
For repetitive construction projects like highway and rail-
road projects, due to its own special construction character-
istics. That is, there are relatively few processes, and the
construction of some of these processes is continuous and
repetitive, or even continuous and repetitive within the entire
project. Still using the method will make the original continu-
ous process discrete, so that the time continuity of the project
implementation and the continuity of the use of resources can
not be guaranteed. The repetitive project scheduling problem
that cannot be solved effectively has led to the emergence of
many studies on repetitive project scheduling methods [4]-[6].

Under the background of big data, a new method of prepar-
ing project scheduling plan, the line planning method, has

been gradually studied in the field of domestic engineering
project scheduling research. The method addresses the execu-
tion characteristics of repetitive construction projects and pro-
poses a planning technique suitable for such continuous con-
struction projects. The line planning method is widely used in
pipeline laying, highway construction and other projects. Such
projects, which are performed continuously and repetitively in
spatial locations, are called line projects. Adopting a differ-
ent representation from network diagrams, the optimization
method of using repetitive project schedule plan diagrams
to represent the project schedule is called repetitive project
scheduling method [7]-[9].

Currently, academic theories generally agree that the repet-
itive project scheduling method technique has more obvious
advantages when used for repetitive projects. This is because
the construction progress of repetitive projects can be well
described in the two-dimensional coordinates of time and
spatial location using this technique [10], [11].

Literature [12] proposes a new approach for scheduling
repetitive processes. It aims to reduce the probability of miss-
ing deadlines while reducing the resource idle time. A discrete
simulation approach is used to evaluate the feasible solutions
(sequence of cells) from the perspective of scheduling robust-
ness. Literature [13] developed a flexible repetitive scheduling
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model. And verified the practicality and effectiveness of the
model with greater flexibility in minimizing the project dura-
tion and cost. A future direction may be to combine the current
model with more realistic setups or other scheduling optimiza-
tion problems. Literature [14] developed a GIS location-based
plan for a highway project constructed in a hilly area in order
to demonstrate the capabilities of GIS. The study concluded
that GIS can be used as a stand-alone system for develop-
ing integrated location-based plans for highway construction
projects in hilly terrain. Literature [15] proposed a multi-
objective project scheduling model for simultaneous optimiza-
tion of time, cost, quality, resource usage and disruption time.
The effectiveness and superiority of the model in MRPSP-
PSCC is verified through an example study. Literature [16]
proposed a multi-objective optimization model considering
time, cost, resources, environmental impact, safety and quality
based on a newly developed multi-objective optimization al-
gorithm (NSDE-R). The TOPSIS algorithm is combined with
the optimization algorithm. A construction project is taken
as an example to verify the applicability of the model. A
mixed-integer linear programming model for the scheduling
problem is given in literature [17]. The objective is to schedule
a portfolio of projects in a way that minimizes the total cost,
indirect cost, and delay penalties associated with resource
idle time can be solved by a general-purpose solver. The
model is applied to the portfolio scheduling of multi-family
residential projects. Literature [18] proposes a deterministic
approach to coordinate the work in the project to construct
multiple buildings with a repetitive process in inhomogeneous
units. A particle swarm algorithm is used for optimization and
demonstrated by a project to construct duplex dwellings.

This paper clarifies the workflow of LOB scheduling
method for repetitive projects, divides the types of repet-
itive project processes based on the influence of control
processes on the total duration of repetitive projects, and
analyzes the calculation of time parameters of LOB schedul-
ing method. Combined with the description of resource-
constrained project scheduling problem, put forward the con-
ditional assumptions of resource-constrained repetitive project
scheduling optimization model, establish the objective func-
tion as well as the constraints of LOB resource allocation,
solve the optimization of LOB resource allocation by using
the branching limit algorithm, and make clear the step-by-step
process of LOB scheduling resource optimization allocation
algorithm based on the branching limit algorithm. Analyze
the performance of different LOB scheduling methods, use
construction project examples for LOB scheduling duration
problem description, and perform LOB scheduling resource
allocation for construction scheme duration optimization.

Il. Construction Repetitive Project Scheduling

The repetitive project scheduling problem is mostly found
in engineering construction projects such as buildings and
bridges. Its distinctive feature is that each project can be
subdivided into a number of process systems, and each process
system has more than one similar process. For example, in

the construction of multi-storey buildings, the project can be
subdivided into multiple floors of the construction, each floor
of the building process is similar, can be used as a process
system. Another example is the multi-storey building "wall
painting" process, can be divided into "painting the first layer",
"painting the second layer", etc., each layer is an indispensable
process of the entire project.

Repetitive construction projects are generally categorized
into two types, vertical repetitive construction projects and
horizontal repetitive construction projects. The former type
such as high-rise building construction, housing projects.
The latter, such as bridge projects, pipeline projects, railroad
projects and so on. To solve the general project scheduling
problem Dozmo uses the network planning diagram to find
control routes, compressed schedule, etc. are very convenient,
but for this project scheduling problem has many shortcom-
ings.

Since repetitive projects are extremely common in engi-
neering, and often have large investment and long lead time,
many researches on scheduling methods for repetitive projects
have emerged.

A. Repetitive Item LOB Scheduling

The Line of Balance (LOB) method is a recurring project
scheduling method that utilizes a two-dimensional graphical
tool for schedule control and planning of recurring projects.

In the LOB diagram, the horizontal axis represents time, the
vertical axis represents units, and each inclined bar represents
a process, with no overlap between processes, and each pro-
cess consists of the same number of units. Each process can
be constructed by several task forces at the same time, and the
rotation between task forces is shown in Figure 1.

Take the project in the figure as an example, the project
contains 2 processes, each process contains 5 units, the unit
duration of process 1 and process 2 are 1 day, the total duration
of process 1 is 5 days, and the total duration of process 2 is
3 days. Process 1 is constructed by one team alone, with a
productivity of 1 (team/day), and is constructed one by one
according to the order of the units. Process 2 is a multi-team
construction situation, the production rate of 2 (team / day),
team 1 on the first unit of construction is completed, the third
unit of construction, and then the fifth unit of construction.
Similarly, team 2 is required to work on the second and fourth
units.

B. Classification and Characterization of Repetitive Item
Processes in LOB Methods
Once the control route for a recurring project has been iden-
tified, the processes that are on the control route can be
identified as control processes. According to the impact of the
control process on the total duration of the repetitive project,
the control process is divided into three categories, positive
control process, reverse control process and point control
process.

1) Positive control processes, i.e., if the extension of the

duration of the control process will lead to the extension
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Figure 1: Repetitive project lob scheduling schematic

of the total duration, then such processes are defined as
positive control processes.

The conditions for determining a positive control pro-
cess are:

a. The process is located on the control route.

b. The productivity of the process is less than that of its
immediate preceding and following processes. If there
is no immediate preceding or following process, i.e., the
process is located at the beginning or end of the position,
then this process is also a positive control process.

2) Inverse control process, i.e., if the extension of the dura-

tion of the control process will result in the shortening of
the total duration of the project, such process is defined
as an inverse control process.
Inverse control process is determined by the condition
that the process is located on the control route and the
productivity of the process is greater than its immediate
preceding and following processes.

3) Point control process, i.e., point control process is de-

fined as a process in which there is one and only one
unit located on the control route. This unit is connected
to the first or last unit of its immediate preceding and
following processes. If the realization of this control
point is delayed, the total project duration will be de-
layed, otherwise it is not affected.
A point control process is determined if the process
is located on the control route and the productivity of
the process is greater than that of either its immediate
preceding or immediately succeeding process.

C. Calculation of Parameters Related to the LOB Method

In order to ensure continuity in the construction of the process
and to minimize the idle time of the teams, the productivity of
the process should be related to the number of teams employed
as follows:
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Figure 2: Schematic diagram of the interprocess SS

In the above equation, C'; = process ¢ number of task forces,
d; = process ¢ duration of a unit, R; = process ¢ productivity,
N = number of units in the process, D; = process ¢ duration.

LOB method time parameter calculation is divided into two
parts, one is the time parameter calculation of the internal
unit of the process, and the other part is the time parameter
calculation between the processes. First of all, the calculation
of time parameters of the internal unit of the process is
introduced, assuming that the start time of the jnd unit of the
process 4 is S;,, and the end time is Fj;, and the start time of
the process is specified to be S;; = 0, and the start time of
the two units neighboring each other is different from the start
time of the unit 1/ R, then there are:

Si1 = 0F;1 = Sin + Dy,
Siz = Si1 +1/R;Fia = S2 + D; 3)
Sij = Si(jfl) + l/RiFij = Sij + D;.
Obviously, the start time and end time of each unit of the
process are in an equidistant series, and by iterative induction
of the above formulae, then the start time and end time of the
7 unit of the ¢ process can be expressed in the following form:
j—1 j—1
=l
R; R,
For the calculation of time parameters between processes,
the first step is to determine the logical relationship between
processes. When two neighboring processes are SS type, i.e.,
the productivity of a process is higher than the productivity
of the process immediately after it, the SS type relationship
between processes is shown in Figure 2. Then the start time
and end time of the latter process are:

Siy1=51+dy Fip1 = S¢41+ D ©)

When two adjacent processes are of FF type, i.e., the
productivity of a process is lower than the productivity of
the process immediately after it, and the FF-type relationship

S, =

+ D;. “)
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Figure 3: The process between the process and the FF type

between processes is shown in Figure 3, then the start time
and end time of the latter process can be expressed as follows:

Fipn=Fi+diyr Siq1 = Fep — Dy (6)

Combining Equation (4) through Equation (6), it is possible
to calculate the start time and end time of any unit of all the
processes of the project, as well as the total duration of the
entire project.

lll. Model and Algorithm Design for Optimization of
Resource Allocation for Repetitive Projects

A. Formulation of the Problem

The usual resource-constrained project scheduling problem
can be described as follows:

The problem has a series of interrelated processes that are
logically related to each other in time, and each process can be
accomplished in several modes (ways). Each mode is charac-
terized by a known duration and a given resource requirement,
while the total amount of resources for the project must be
below a certain limiting level, i.e., the sum of the total amount
of resources occupied by all activities per unit of time must be
less than the value of the total amount of resources. The solu-
tion to this problem results in a scheduling plan that minimizes
the project duration, i.e., the start time and completion time
of each process, generated under the conditions of satisfying
the process logical relationship constraints and the resource
constraints.

In this paper, we study repetitive projects, where each pro-
cess system is decomposed into the same number of processes
to be executed. The problem becomes solving the optimal
solution of the above problem under the condition that the
resource execution pattern within each process is kept unique,
such that the optimal solution result of the problem will
contain the start time and completion time of each process for

each process family. The conditions of this problem are set as
follows:

1) A single repetitive project consists of a number of
process families, each of which can be divided into the
same number of repetitive identical processes, and the
workload of each process family on each process is
known.

2) Each process family can be interrupted between repet-
itive processes, but not during the execution time of
a single process. Each process family has different
resource execution modes for each repetitive process,
and once a process executes a certain resource mode,
the mode is fixed and cannot be changed until the work
of the individual process is completed.

3) There are four types of execution modes according to
whether the execution time is interrupted or not between
the processes of a process family and whether the re-
source execution mode is variable or not, as follows:

a. The execution time of the process system is not inter-
ruptible between processes and the resource execution
mode of the process system is not changeable between
processes.

b. The execution time of the process system is interruptible
between processes and the resource execution mode of
the process system is not changeable between processes.

c. The execution time of the process system is not inter-
ruptible between processes, and the resource execution
mode of the process system is not changeable between
processes.

d. The execution time of a process system can be inter-
rupted between processes, and the resource execution
mode of a process system can be varied before a pro-
cess.

e. The total amount of resources is limited, and the level
of resource limitations is fixed for the duration of the
project life cycle.

B. Modeling

1) Objective Function

The main objective of the repetitive project resourcing prob-
lem is to construct a scheduling method that minimizes the
total number of project shifts employed. Definition C' is the
total number of project team hires and z; is the number of
team hires for each process 7. Therefore, the objective of the
problem, i.e., minimizing the number of project team hires,
can be expressed by equation (7). That is:

C = min Z Zj. @)
i=1

2) Constraints
The relevant constraints to be satisfied in the LOB resource
allocation problem are as follows.

1) Priority relationship constraints
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Project priority relationship constraints ensure that the pro-
cesses of a recurring project do not conflict during construc-
tion. Usually there are four types of prioritization relationships
in repetitive projects, including "start-start (SS)", "start-finish
(SF)", "finish-start (FS)" and "Finish-Finish (FF)". Without
loss of generality, in this paper, we only consider the FS type
of optimization relationship constraints, i.e., the work on the
corresponding unit of the immediately following process can
only start after the completion of one unit of a process. Equa-
tion (8) expresses this prioritization relationship constraint,
where s;;, denotes the start time of process 7 on cell k, and s,
denotes the start time of the immediately following process j
of process ¢ on cell k. Le:

sk +di < Sjg. ®)

2) Deadline constraints
The deadline constraint ensures that recurring projects need
to be completed within the specified deadline T};. Since the
total duration of a recurring project is usually controlled by
the completion time of the last unit, the deadline constraint is
expressed in equation (9), where m denotes the last process of
the schedule and n denotes the number of units of the project.
That is:
Smn + dm < Td- (9)

3) Work continuity constraints

The work continuity constraint requires that the construc-
tion operations of the task force in the execution of the
processes in a repetitive project should be kept continuous and
there should be no stoppages, breaks, etc. that cause interrup-
tions in the work continuity. The constraint can be expressed
by equation (10), where d; represents the unit duration of
process 1. i.e:

Sij = — + Si(j—1)- (10)
T

4) Resource constraint limitations

Usually, there is a resource constraint limitation in the
construction process of repetitive projects, i.e., there is an
upper limit on the number of task forces employed for each
process. The constraint is shown in equation (11), where
upt represents the upper limit of the number of task forces
employed for process 7. That is:

i < up;. (1T)

C. Branch and Bound Algorithm Design

Based on the nature of the resource allocation problem men-
tioned above, this paper designs a targeted branch-and-bound
algorithm to realize the accurate solution of the resource
allocation problem.

1) Branching Strategy

Usually the solution space of a combinatorial optimization
problem can be organized by a tree diagram. The branching
strategy is the expansion strategy of the nodes of the branch-
and-bound algorithm when searching the solution space tree.

Depending on the way of choosing the expansion nodes, the
branch-and-bound method usually has three branching search
strategies: first-in-first-out (FIFO), last-in-first-out (LIFO),
and least-cost (LC).

According to the nature of the resource allocation problem,
in order to ensure the search efficiency of the algorithm, this
paper adopts the LC search strategy to design the branching
structure of the branch-and-bound algorithm.

2) Boundary Limiting Strategies

To find a lower bound for the resource allocation problem,
the integer variable of the number of process task force hires
is continuously relaxed and its resource constraints are not
considered. In this case, it is clear that the project requires the
least number of task forces when all the processes are executed
at the same rate and the total duration is equal to the deadline,
when the execution rate of the processes can be determined by
equation (12). That is:

r=(m-—1)/(Ty; —T1), (12)

where 77 is the sum of unit durations for each process and its
valueis Yy d;.

The ideal number of task force hires for each process can
be calculated from equation (13). Namely:

Ct = dtrt = (m — 1) dl/ (Td —Tl) (13)

Estimating Eq. g, the target lower bound for the resource
allocation problem, is obtained by rounding up and summing
the number of task force hires for each process, as shown in
Eq. (14). That is:

g=> Tlal=> [m=1)d/ (T, = T)].

i=1 p=1

(14)

Considering Eq. (14) from the whole to the local, when
the number of task force hires for the previous j process
corresponding to a node has been determined, the estimated
lower bound of the target for that node is shown in Eq. (15).
Namely:

J m J
b=> i+ > [(m - 1)dj/ (Td - deﬂ . (15)
i=1 i=j+1 k=1
3) Pruning Strategy
Using the nature of the resource allocation problem presented
in this paper and the structure of the problem, three pruning
strategies can be devised as follows.

Pruning strategy 1: If the estimated lower bound fr of
the total project duration of a node exceeds the deadline Ty,
ie., fr > Ty, the node should be deleted. The estimated

lower bound of the total project duration can be calculated by
equation (16). i.e:

fr=Fim+ Y d;.

j=i+1

(16)
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Pruning strategy 2: If the priority relationship constraint
between process j corresponding to a node and the immedi-
ately preceding process ¢ strictly holds at the last cell, then
the process j must belong to the inverse control process or
the end control process. If 27 > [d;r;], by condition 1 and
condition 3, the currently expanded node must not form an
optimal solution, and the node should be deleted.

Pruning Strategy 3: If a node corresponds to Process j of
the immediately preceding control process ¢ is the beginning
control process. If xf > [d;r;], by condition 2, the current
expansion node will necessarily not form an optimal solution,
and the node should be deleted.

D. Algorithmic Steps

Based on the above branching strategy, limiting strategy and
pruning strategy, the step-by-step flow of the branch-and-limit
algorithm designed in this paper for solving the LOB resource
allocation problem is shown below:

Establish the initial node and initialize the relevant
parameters of the schedule.

Select the node with the smallest lower bound as the
current expansion node (the initial node is the current
expansion node).

When there is no node that can be selected as the
expansion node, the algorithm ends and the optimal
solution is obtained, otherwise, go to step 4.

Branch the current expansion node according to the up-
per limit of the number of task forces in the succeeding
process, and calculate the relevant parameters of each
sub-node.

Filter and delete the nodes that do not satisfy the condi-
tions using the proposed 3 pruning strategies.

Mark the expanded node as expanded and go to Step 2.

IV. Model Solving

In this section, the performance of four LOB scheduling
methods, CPM/LOB, ALISS, RUSS, and SHLOB, will be
tested by randomly generated arithmetic examples.

A. Testing Issues

The parameters for randomly generating test problems in-
clude the number of processes (n), the maximum employable
amount of processes (Ej), and the tightness of the deadline (6).
Parameter n takes values of 50, 100, and 150, respectively.
Parameter 0 takes values of 0.06, 0.3, 0.4, 0.6, and 0.7,
respectively.

Parameter k; was randomly selected from the integer inter-
val [3.5], and since SHLOB only works with sequential items,
all test problems generated were sequential.

Without loss of generality, it is assumed that the immediate
preceding and following processes are j — 1 and 7 + 1,
respectively, for Process j. The unit duration of each process
obeys a uniform discrete distribution on [0, 60]. The deadline
0 = 0+ 60(6—0), where ¢ denotes the lower and upper
bounds of the total duration of the given algorithm. Randomly

combining parameters n, Ej and 6 yields 50 sets of test
problems. Each set of test problems randomly generates 35
randomized arithmetic cases, for a total of 1750 arithmetic
cases.

B. Analysis of Experimental Results

When parameter Ej is randomly selected from the integer
interval [3.5], the calculation results of different LOB schedul-
ing methods are shown in Table 1. The results of different
LOB scheduling methods for all cases are listed in the ta-
ble, where the symbols FEA and OPT denote the ratios of
feasible solutions and "optimal solutions" of different meth-
ods, respectively, and DEV denotes the average deviation of
feasible solutions. It should be noted that the purpose of the
experimental analysis is to compare the performance of the
different methods, so there is no need to deliberately calculate
the optimal solution for a particular example. For this reason,
the best feasible solution calculated by the four methods is
labeled as the optimal solution.

When parameter k; is randomly chosen from the integer
interval [3.5], n=100, 6=0.3, ALISS(RUSS) yields a feasible
solution at a rate of 0.4296, while §=0.4, ALISS(RUSS) yields
a feasible solution at a rate of 0.9502.

CPM/LOB does not provide a feasible solution for all cases.
Although CPM/LOB can estimate the expected progress of
a process that meets a given deadline, this estimate is valid
only if the expected progress of all processes is equal to their
actual progress, i.e., the expected progress corresponds to an
integer number of task force hires. If a process does not meet
the above requirements, then its actual progress will be faster
than the desired progress. This will result in a delay in the start
of the process on the first unit, which may cause subsequent
processes to be delayed and ultimately cause the total project
duration to exceed the given deadline.

ALISS (RUSS) shows a clear advantage over CPM/LOB,
with the probability of finding a feasible solution for ALISS
decreasing with parameters n and Ej and increasing with
parameter 6, especially with parameter 6.

For any randomized case, SHLOB always gives a feasi-
ble solution and always outperforms ALISS in cases where
ALISS is also feasible.

V. Analysis of Construction Project Examples

A. Description of the LOB Scheduling Duration
Satisfaction Problem

Pipeline engineering is a typical example of a repetitive
project. According to the construction sequence of pipeline
engineering, it consists of six main processes: pipeline posi-
tioning, trench excavation, pipeline socketing, pipeline instal-
lation, pressure testing and earth backfilling.

For a 12 km pipeline project, 1 km is one unit and there
are 12 units in total. The pipeline project is to be completed
within 45 days, with a buffer time of 1 day between adjacent
processes and the interval between processes.
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n k;j 0 SHLOB CPM/LOB ALISS( RUSS)
FEA | OPT | FEA | OPT FEA OPT DEV
50 | [3.5] | 0.06 | 1.00 | 0.00 | 0.00 | 0.00 0.00 0.00 -
0.3 1.00 | 0.00 | 0.00 | 0.00 | 0.4296 0.00 0.0253
0.4 1.00 | 0.00 | 0.00 | 0.00 1.00 0.00 0.0203
0.6 1.00 | 0.00 | 0.00 | 0.00 1.00 0.0235 | 0.0159
0.7 1.00 | 0.00 | 0.00 | 0.00 1.00 0.10 0.0128
100 | [3.5] | 0.06 | 1.00 | 0.00 | 0.00 | 0.00 0.00 0.00 -
0.3 1.00 | 0.00 | 0.00 | 0.00 | 0.4296 0.00 0.0368
0.4 1.00 | 0.00 | 0.00 | 0.00 | 0.9502 0.00 0.0193
0.6 1.00 | 0.00 | 0.00 | 0.00 1.00 0.00 0.0165
0.7 1.00 | 0.00 | 0.00 | 0.00 1.00 0.00 0.0081
150 | [3.5] | 0.06 | 1.00 | 0.00 | 0.00 | 0.00 0.00 0.00 -
0.3 1.00 | 0.00 | 0.00 | 0.00 | 0.6825 1.00 0.0242
0.4 1.00 | 0.00 | 0.00 | 0.00 1.00 4.08 0.0198
0.6 1.00 | 0.00 | 0.00 | 0.00 1.00 0.00 0.0125
0.7 1.00 | 0.00 | 0.00 | 0.00 1.00 0.00 0.073

Table 1: The calculation results of different lob scheduling methods

Assuming that the daily costs of task forces, equipment,
resources, etc. for different processes are 280, 180, 220, 320,
250, and 180, respectively. it can be calculated that the total
duration of the critical path of all sub-processes in the first unit
is 28 days, and the desired construction rate, the theoretical
number of task forces, the actual number of task forces, and
the planned construction rate for each process can be obtained
by calculating the relevant parameters in the LOB scheduling
The calculation is shown in Table 2. The desired construction
rate of 3.08 and the number of theoretical teams for each
process are calculated to be 1.07, 2.72, 1.05, 3.15, 1.07, 1.61.
The number of actual teams is 2, 3, 3, 4, 2, 3. The planned
construction rates are 1.1, 0.71, 1.1, 0.71, 1.1, 0.71, 1.1, 0.71,
respectively.

The theoretical number of task forces calculated by Eq.
are not integers, and the number of task forces for each
process is rounded upward to obtain the actual number of task
forces and the actual construction rate, thus obtaining the LOB
scheduling program. According to the above table to draw the
project LOB diagram, the number of teams after rounding up
the LOB scheduling shown in Figure 4.

In order to be able to complete the project within 45 days
of the contract duration, all processes are performed at the
desired construction rate. However, the number of teams for
each process in this scenario is not an integer, so in the plan
scheduling, the number of teams is rounded upward, so the
construction rate for each process is increased.

The construction rate of process 1, process 3, and process 5
is increased from 1.1 to 0.71, and that of process 2, process
4, and process 6 is increased to 0.71. The adjusted LOB
scheduling plan has a duration of 55 days, which exceeds the
contractual duration of the project by 10 days.

Processes 3 and 5 are on the control path, and their con-
struction rates are greater than those of the immediately pre-
ceding and immediately following control processes, so they
are inverse control processes.

i

0 5 10 15 20 25 3 35 35

Time(Day)

Figure 4: The number of the work team is dispatched up to the
lob schedule

B. Resource Adjustment for LOB Scheduling Duration
Optimization

In order to ensure that the deadline meets the project contract
duration it is usually necessary to make necessary corrections
to the LOB scheduling scheme. Using the branch-and-bound
algorithm proposed in this paper for solving the LOB resource
allocation problem, i.e., using the resource-adjusted schedule
optimization model to re-determine the number of task forces
for each process, we obtain a scheduling plan that meets the
project schedule with the least increase in task forces.

In order to satisfy the contractual duration of this pipeline
project, while ensuring the constraints, the number of task
forces to be employed for each of the processes 1, 2, 3, 4,
5,and 6 is 3, 4, 3, 5, 3, 3, and their respective start times are
0, 3.3, 18, 20, 28.2, and 28.7, so that the duration of each of
these processes after the transformation is calculated to be 12,
23,13, 17.1, 12, 12, and the finish time of the last process is
44 .3, which satisfies the contractual duration, 13, 17.1, 12, 12.
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Process Procedure name Unit period | Pretightening process | Expected construction rate | Number of theoretical teams | The number of actual teams | Planned rate
1 Pipeline positioning 3 - 3.08 1.07 2 1.1
2 Trench excavation 6 1 3.08 2.72 3 0.71
3 Pipe socket 3 2 3.08 1.05 3 1.1
4 Pipeline installation 8 3 3.08 3.15 4 0.71
5 Pressure test 3 4 3.08 1.07 2 1.1
6 Soil return 3 5 3.08 1.61 3 0.71

Table 2: The correlation parameters are calculated in the lob scheduling

Unit
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Figure 5: The LOB diagram under the resource adjustment
scheme

At this point, the end time of the last process is 44.3, which
satisfies the contract duration. The LOB diagram under the
resource-adjusted scheduling program is shown in Figure 5.
After adjusting the number of work teams, the construction
rate of process d increases, which diminishes the effect of
the inverse control process c. The increased construction rate
of process f makes the original inverse control process e no
longer an inverse control process. Ultimately, the project can
be completed within the contract period and the additional cost
due to the adjustment of resources is 2,130.

VI. Conclusion

This paper proposes a resource optimization model in the
repetitive project scheduling problem, based on the repeti-
tive project process classification and characteristics of LOB,
proposes the relevant constraints that need to be satisfied
in the LOB resource allocation problem, and introduces the
branching limit algorithm to optimize the LOB resource allo-
cation. A specific construction case is brought in for schedule
optimization based on LOB scheduling scheme.

Comparing the performance of the four LOB scheduling
methods CPM/LOB, ALISS, RUSS, and SHLOB for ran-
domly generating arithmetic cases, CPM/LOB fails to give
feasible solutions for all the cases due to the method’s own
defects. When parameter k; is randomly selected from the in-
teger interval [3.5], n=100, §=0.3, the ratio of finding feasible
solutions for ALISS( RUSS) is 0.4296, which shows a clear
advantage of ALISS( RUSS) compared with CPM/LOB.

The LOB scheduling method is improved by using the
branch limit algorithm, and the optimized LOB resource ad-

justment model shortens the project duration by adjusting the
number of task forces for different control processes, and an
integer planning model is established, which can obtain the
best resource allocation under the guarantee of continuous
distribution of resources, and complete the project require-
ments in a fixed duration to achieve the optimal allocation of
resources.

Acknowledgment
2021 National Natural Science Foundation of China (Gen-
eral Project): Research on Robust Scheduling of Repetitive

Projects Based on Key Process Characteristics (Fund Number:
72171081).

References

[1] Abdallah, M., & Alshahri, A. (2019). Optimizing planning of
build-operate—transfer projects to maximize investor profit. Canadian
Journal of Civil Engineering, 46(1), 26-37.

Tao, S., Wu, C., Sheng, Z., & Wang, X. (2018). Space-time repetitive project
scheduling considering location and congestion. Journal of Computing in
Civil Engineering, 32(3), 04018017.

Zhang, L., Dai, G., Zou, X., & Qi, J. (2020). Robustness-based multi-
objective optimization for repetitive projects under work continuity uncer-
tainty. Engineering, Construction and Architectural Management, 27(10),
3095-3113.

Liu, D., Li, H., Wang, H., Qi, C., & Rose, T. (2020). Discrete symbiotic or-
ganisms search method for solving large-scale time-cost trade-off problem
in construction scheduling. Expert Systems with Applications, 148, 113230.
Canca, D., Andrade-Pineda, J. L., De-Los-Santos, A., & Gonzélez-R, P. L.
(2021). A quantitative approach for the long-term assessment of Railway
Rapid Transit network construction or expansion projects. European Jour-
nal of Operational Research, 294(2), 604-621.

Monghasemi, S., & Abdallah, M. (2021). Linear optimization model to
minimize total cost of repetitive construction projects and identify order of
units. Journal of Management in Engineering, 37(4), 04021036.

Fadjar, A. (2020). The application of production planning approach on
a large number of residential building construction project post natural
disaster. MATEC Web of Conferences, 331(3), 01004.

Rzepecki, L., & Biruk, S. (2018). Simulation method for scheduling linear
construction projects using the learning—forgetting effect. In MATEC Web
of Conferences (Vol. 219, p. 04007). EDP Sciences.

Zou, X., Fang, S. C., Huang, Y. S., & Zhang, L. H. (2017). Mixed-integer
linear programming approach for scheduling repetitive projects with time-
cost trade-off consideration. Journal of Computing in Civil Engineering,
31(3), 06016003.

Altuwaim, A., & El-Rayes, K. (2018). Minimizing duration and crew work
interruptions of repetitive construction projects. Automation in Construc-
tion, 88, 59-72.

Zheng, T., Xu, X., Lu, X., Hao, L., & Xu, F. (2021). Learning adaptive
sliding mode control for repetitive motion tasks in maglev rotary table. [EEE
Transactions on Industrial Electronics, 69(2), 1836-1846.

Jaskowski, P., Biruk, S., & Krzemiriski, M. (2020). Planning repetitive con-
struction processes to improve robustness of schedules in risk environment.
Archives of Civil Engineering, 66(3), 643-657.

Zou, X., & Zhang, L. (2020). A constraint programming approach for
scheduling repetitive projects with atypical activities considering soft logic.
Automation in Construction, 109, 102990.

(2]

[7

(8]

(9]

[10]

[11]

[12]

(13]

98



AQCHIVES DS SUIENCES

Zhou and Li: Optimization Study of Construction Repetitive Project Scheduling Based on Big Data Background A Multidisciplinary Journal

[14] Sharma, S., & Bansal, V. K. (2018). Location-based planning and schedul-
ing of highway construction projects in hilly terrain using GIS. Canadian
Journal of Civil Engineering, 45(7), 570-582.

[15] Hu, Z., Wang, F., & Tang, Y. (2023). Scenario-oriented repetitive project
scheduling optimization. Computer-Aided Civil and Infrastructure Engi-
neering, 38(10), 1239-1273.

[16] Kaveh, A., Rajabi, F., & Mirvalad, S. (2021). Many-objective optimization
for construction project scheduling using non-dominated sorting differential
evolution algorithm based on reference points. Scientia Iranica, 28(6),
3112-3128.

[17] Jaskowski, P., Biruk, S., & Krzeminski, M. (2022). Modeling the problem
of sequencing projects in the contractor’s portfolio of orders. Archives of
Civil Engineering, 307-322.

[18] Tomczak, M., & Jaskowski, P. (2022). Harmonizing construction processes
in repetitive construction projects with multiple buildings. Automation in
Construction, 139, 104266.

99



