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Abstract. The topic of the paper is referred to optimization model for
multiobjective solutions for construction management. It is known in
literature as Time Coupling Methods (TCM). It presents another approach
to scheduling methods from known methods like LSM, CPM/PERT, LOC,
RSM. TCM is based on couplings that bounds activities in technology and
management. The new modifications to TCM will be presented that add
flexibility when dealing with complex civil engineering problems.

1 Introduction
In the planning of construction works there are used, among others: network planning
(CPM/PERT), Gantt charts, circular charts (LOB - Line of Balance), linear scheduling
(LSM - Linear Scheduling Model, RSM - Repetitive Scheduling Method), Critical Chain
Method [4], time couplings methods (TCM) [1,8], and many other methods. The aim of the
article is to present a modification of MSC III (one scheduling methods). I adds more
flexibility when dealing with technological and organization constrains. The principles of
basic method will be provided and then modified by additional constrains.

2 Basic assumptions
The Time Coupling Method (TCM III) [4] is one of the methods of construction works
scheduling taking into account the simultaneous relationship between available site of
works and construction processes. Simultaneous incorporation of technological and
organizational constraints enables setting a minimum deadline for works completion. The
use of coupling between the means and execution processes allows us to determine the
critical work string, which defines a total time limit for completion of the complex
construction works. Non-critical works have time buffers characterized by the earliest and
latest dates. The calculations are carried out using the matrix model [11], in the columns
there are numerical data regarding the execution time of construction processes, while the
lines indicate the division into sites of works.
Firstly, the earliest dates of works are calculated. The first column introduces limitations
in the form of zero couplings, which ensures continuity of the first type of works. The first
row takes into account zero couplings between sites of works, forcing the continuity of
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work on the building site. In the remaining rows and columns, the early dates are
determined in accordance with Figure 1. The work cannot start earlier than both: the
previous work on this site (technological condition) and work of the same type on the
previous site (organizational condition) have been completed. In the second stage, the latest
work deadlines should be set. This time, the last column assumes the continuity of the
construction process, whereas in the last line, there is continuity of work on the work site
assumed. In the remaining rows and columns, the latest dates are determined in accordance
with Fig. 1. The work cannot be finished later than the following work starts on this site
(technological condition), as well as the work of the same type on the following site
(organizational condition). After all the times have been determined, there are, among
others, such characteristics available as: temporal, technological, organizational reserves
and critical path. In the process of scheduling construction it is proposed to use diagrams.






wr - the earliest date of starting work,
pr - the latest date of starting work,
wz - the earliest date of completion of work
pz - the latest date of completion of work.

3 General computation model
The solution is to determine such quantities as: the earliest and latest date of starting and
finishing work, couplings in earliest and latest times, time buffers, critical path and total
time of project.

The earliest times of all activities in the first sector (i=1) are determined by equations (2)
and (3).
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The earliest times of all sectors in the first activity (j=1) are determined by equations (4)
and (5).

The couplings for the first activity are zero (as in TCM I) and don’t affect the first sector.
The couplings for the first sector are zero (as in TCM II) and don’t affect the first activity.

The earliest times of starting and finishing the work are determined by equations (8) and
(9), (Fig. 2}).

The earliest times of finishing the work (i,j) is determined by adding the earliest times of
the starting work and it’s duration.
In order to determinate other earliest times of starting the work (i,j) the following
couplings needs to be considered:



The preceding work in activity (i-1,j) - the continuity of activities
The preceding work in sector (i,j-1) - the continuity of work in sectors

The couplings between activities for the earliest times are determined by difference
between earliest times of starting and finishing of two adjacent works in one activity.
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The couplings between sectors for the earliest times are determined by difference between
earliest times of starting and finishing of two adjacent works in one sector.
The latest times are determined by an assumption that the earliest and latest times of
finishing work in the latest activity in latest sector are equal.

The latest times of all activities on last sector (i=n) are determined by equations (13) and
(14).

The latest times of all sectors in the last activity (j=m) are determined by equations (15) and
(16).

Couplings for the last activity are zero (as in TCM I) and don’t affect the last sector.
Couplings for the last sector are zero (as in TCM II) and don’t affect the last activity.

The latest times of finishing and starting the work are determined by equations (19) and
(20), (Fig. 3).
The latest times of starting the work (i,j) is determined by subtracting the latest times of the
finishing work and it’s duration.
In order to determinate other latest times of finishing the work (i,j) the following couplings
needs to be considered:
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The following work in activity (i+1,j) - the continuity of activities
The following work in sector (i,j+1) - the continuity of work in sectors

The couplings between activities for the latest times are determined by difference between
latest times of starting and finishing of two adjacent works in one activity.

The couplings between sectors for the latest times are determined by difference between
latest times of starting and finishing of two adjacent works in one sector.
The time reserves for each work are determinate as following: The time reserves are equal
to the following values:





difference between the latest and earliest time of starting of the work
difference between the latest and earliest time of finishing of the work
difference between the latest time of finishing and the earliest time of starting of
the work and its duration

4 Modified model
In basic method the time between the works in one activity is calculated by the method
rules. The additional matrix containing organizational couplings is added. It modifies the
couplings in the original method by the couplings provides by the 𝑆 𝑆 matrix. When the
𝑆
𝑆𝑖,𝑗
> 0 it forces lag between the works in activity. This is the case when workforce needs
𝑆
to rearm, move, rest, etc. When 𝑆𝑖,𝑗
< 0 it forces less (possibly no) lags between the works
in activities. If the lag is zero then it ensures continuity of selected works in activity (e.g.
seamless concreting).

The earliest times of all activities in the first sector (i=1) are determined by equations (24)
and (25).

The earliest times of all sectors in the first activity (j=1) are determined by equations (26)
and (27).

The couplings for the first activity are equal to the organizational couplings and don’t
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affect the first sector. The couplings for the first sector are zero (as in TCM II) and don’t
affect the first activity.

The earliest times of starting and finishing the work are determined by equations (30) and
(31).
The earliest times of finishing the work (i,j) is determined by adding the earliest times of
the starting work and it’s duration.

In order to determinate other earliest times of starting the work (i,j) the following
couplings needs to be considered:



The preceding work in activity modified by organization couplings (i-1,j) - the
continuity of activities
The preceding work in sector (i,j-1) - the continuity of work in sectors

The couplings between activities for the earliest times are determined by difference
between earliest times of starting and finishing of two adjacent works in one activity
modified by organization couplings.

The latest times are determined by an assumption that the earliest and latest times of
finishing work in the latest activity in latest sector are equal.
The latest times of all activities on last sector (i=n) are determined by equations (35) and
(36).

The latest times of all sectors in the last activity (j=m) are determined by equations (37) and
(38).

Couplings for the last activity are equal to the organizational couplings and don’t affect the
last sector. Couplings for the last sector are zero (as in TCM II) and don’t affect the last
activity.

The latest times of finishing and starting the work are determined by equations (41) and
(42).
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The latest times of starting the work (i,j) is determined by subtracting the latest times of the
finishing work and it’s duration.
In order to determinate other latest times of finishing the work (i,j) the following couplings
needs to be considered:



the following work in activity (i+1,j) modified by organization couplings - the
continuity of activities
the following work in sector (i,j+1) - the continuity of work in sectors

5 Summary
The article presents a modification one of the Time Coupling Methods. The one presented
is to add more flexibility to scheduling problems regarding to organizational constrains.
The presented procedure allow to make a sequence in which to carry out works, taking into
account couplings between means of realization and couplings between work sectors. TCM
is also open to optimize scheduling jobs using B&B or metaheuristic algorithms.
The work was created as part of an international grant for a research project PWr -RUDN 2017:
O/0180/524/2017
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