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The building industry struggles with productive
performances less and less significant. While other
sectors have been able to take advantage from technical
evolution, changing themselves and increasing their
performances, the construction sector is stuck in the
production levels of the 80s. In the building industry,
half of the worked hours do not generate economic
value. It is a shared opinion that the production
hemorrhage of the sector can be stopped opting for a
hybridization with the manufacturing sector. Nowadays,
the synthesis of construction and manufacture is
identified with the off-site building. It lowers the
intensity of construction work in place by transferring

them to the workshop, where components are made on
the basis of economic principles that line up those of
industrial production. The present analysis aims to
estimate the productive contribution attributable to this
strategic alternative. For this purpose, referring to three
default building prototypes, an analytic protocol is
developed for the extrapolation of economic data and
of productivity indices. This protocol is implemented
with the help of reticular programming techniques as
PERT (Program Evaluation and Review Technique) and
CPM (Critical Path Method). The results highlight the
real chance, for the construction industry, to catch up
with the production levels of the total economy.

Abstract

1. THE PRODUCTIVE FAILURE OF
CONSTRUCTION

Every year about 10 trillions, approximately the 13% of the
global gross domestic product, are invested in buildings,
infrastructure and facilities. This figure, according to the
results of the Global Construction and of the Oxford
Economics, is meant to increase, arriving to $14.9 trillions
within the 2025. The construction sector, nowadays,
employs the 7% of the working population and, beyond
market perceptions, it is still confirmed as the backbone
of the global economy [1, 2]. However, while some fields
like the agriculture, have increased their productivity by

15 times since 1950, the construction field is stuck at the
1980’s levels, attesting itself as the most unproductive
manufacturing branch [3]. 

To understand the reasons of the production gap that
grips the construction industry, is certainly the first step
for its overcoming. First of all, it must be specified that the
industrial sector is not homogeneous and it is the same
for its performance. Virtually it is supposed to be divided
into largest subjects involved in productions in large scale
(infrastructure and heavy constructions) and a very high
number of very specialized, smaller companies who work
on small projects. It would not be correct to separate this



reality completely among which there is a strong mix, but
in general the major companies tend to be the most
productive. In USA, for example, the companies with less
than $1 million of annual turnover are less productive than
those with more income than $10 millions: companies
with lower revenue of $50,000 produce $6 of additional
value per working hour, those with an income between
the $5 and the $10 million produce $77 [1]. 
One of the reasons why the small companies cannot keep
up with the major ones it is the impossibility, for them, to
take advantage of economy of scale. The work of minor
companies lacks repeatability, needs meticulous manual
processing and it is forced into restricted sites. Actually
the issues that prevent the production growth in the
construction sector have already been the object of
analysis. But, at the same time, the dynamics to be made
to overcome the problem seem to be less important than
in other sectors. The cause of this seems to be the fact that
the sector is so opaque, fragmented and dense of
misaligned events that often the more productive subjects
don’t earn the most. From that comes a natural disinterest
in the highest productivity. From a statistical revelation on
the opinions of 210 actors in this market, that are
entrepreneurs, suppliers and customers, have emerged
that the causes of the productive problem can be traced
back to three big categories [1]:
a) the external factors, that concern 1. the growing
complexity of projects and increase of maintenance
operations, 2. the strict regulation, the fragmentation of
the soil and the cyclical nature of the public demand, 3.
the market distortion caused by corruption and
irregularities;

b) the dynamics of industry, that is 4. the fragmentation
and opacity of the sector, 5. the misalignment of
contracts, 6. the inexperience of the buyer;

c) the factors operating at national level which draw on 7.
inadequate planning and investments, 8. project
management and approximate executions, 9. failed or
inadequate competence of the workforce, 10.
insufficient investment in terms of innovation.

1. The growing complexity of projects and increase of
maintenance operations. Unlike the emerging
economics, that need to invest in advanced
infrastructures, the developed countries they lived this
process many years ago and now they have to maintain
and update the system. The maintenance and the
renovation, however they are difficult to repeat
operations, they are not standardized. They are forced to
take place in heavily linked sites. That means that, with
the increase of the maintenance operations, there is a fall
in the production [4]. 
2. The strict regulation, the fragmentation of the soil and
the cyclical nature of the public demand. The construction
sector is one of the most rigidly formed. This is right to
pursue necessary security standards, but the volume of
the normative apparatus is not as a problematic as its
bureaucratic complexity. The Word Bank said that on

average they need 160 days to obtain the clearance to
perform the work, noting that in six countries need more
than a year and in two more than two years. The
construction sector is strongly foraged to the public
demand. If from one hand it represents the main buyer,
to the other side it strongly circumscribes the expansive
pushes of the sector, investing in a cyclical way and
confining the innovative drifts. 

3. The market distortion caused by corruption and
irregularities. Because of the complexity of the system of
rules that govern it and the bureaucracy burdens, the
construction sector has become one of the most affected
by corruption problem, second only to the extraction
area. For the World Bank in countries with a low level of
corruption (Australia, Denmark, New Zealand) also the
administrative procedure is simpler and it affects local
spending no more than the 0.5%. On the contrary, in
highly corrupt countries (Nigeria, India, Brazil) the
procedure may take up to a year with an increase in
expenses until the 25% [5]. Besides the great migratory
waves created low-cost irregular workers, on which the
companies are not ready to invest to train them. So to
minimize costs, the company themselves undermine their
own productivity [6, 7].

4. The fragmentation and opacity of the sector. In Europe
the companies with less of 10 full-time employees are the
94% of the sector and they produce the 39% of the output.
This fragmentation means that there is not a critical mass
capable to channeling an innovation because basically
there is not a competitive pressure in this way. The
fragmentation not only does it lower productivity because
of the exclusion from the benefits of the economy of
scale, but makes the sector opaque, that is getting harder
to find data on the operators performances and on the
project costs. So the buyer cannot make comparisons and
the offer is not stimulated to improve [1].

5. The misalignment of contracts. It has been tried by
construction Industry Institute Performance Assessment
System that the lump sum contracts determine
productivity from 35% to 88% higher than that a time and
materials contract. These are the reasons: in lump sum
contract the total risk is borne by the entrepreneur so he
must improve his performance. The contractual models
available today tend to unbalance the risk towards a single
subject. When this happens it is difficult to cheer the
efforts to achieve greater productive momentum, because
the part that supports the risk will always be aimed
towards a conservative approach [8].

6. The inexperience of the buyer. In construction
relationship between the performer and the customer is
desultory, especially if compared to that in the industrial
sector. The civil customer lacks experience and this,
combined with the difficulty to find some benchmarks
because of the opacity of the market, it means that it is not
able to evaluate which product is the most efficient and
appropriate to his necessity. Moreover the generic buyer
needs to customize the commissioned work. This
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prevents the operations from achieving those characters
of standardization and repeatability that would make it
increase the productivity [3].
7. Inadequate planning and investments. The construction
industry does not tend to use the same concept and it
tends to “customize” according to the buyer. However,
highly personalized projects are affected from a higher
temporal gap between the end of the design and the end
of the works. At the beginning the customers have no
perception of the implications related to design choices
that they do and sometimes the execution needs also long
time that the boundary conditions may change,
accumulating delay. To the other side the construction
industry does not invest enough time and resources to
perfect the project, and the mistakes in this embryonic
phase determines a domino effect that inhibits the
productive performance [9].
8. Project management and approximate executions. The
executive phase of the project, like the ideational one, has
strong deficiencies due to lack of communication,
insufficient front-end changing information, incoherent
and variable programming. The main delay in the
execution phase is recorded on the impact with the
construction site. In this way the Construction Industry
Institute found that the project that incorporate a
“planning start-up” or “planning of the start” reduce the
delay of almost the 6% [8].
9. Failed or inadequate competence of the workforce.
Globally, the construction workforce is rather old and
little specialized. From 1985 to 2010 the number of
employees over the age of 45 has increased from the 32%
to the 50% and it is undeniable that this age group is less
receptive compared to the necessary training to approach
new technologies. Another aspect is that the construction
industry does not seem to be an exciting area for the last
talented engineers and manager, that prefer going
elsewhere [10].
10. Insufficient investment in terms of innovation. The
construction area is one of the more scarcely digitized. In
USA is the penultimate, best only in the agricultural field,
while in Europe the construction sector is the latest in the
digital innovation ranking. Another aspect of the problem
concerns the dispersion of efforts in this sense.
Companies often use specific software that are unable to
synchronize in different levels of design and this
translates into a further waste of time and resources [9]. 
Naturally these global dynamics take place at the national
level on the economic situation of the Country. In 2015
the value of the production related to the entire supply
chain was about 398 billion of Euro, with a decline of the
1.7% compared to the previous year. A modest percentage
if compared to the losses suffered in the critical two-years
period 2008-2009, but still too high compared to decline
in domestic production (0.7%). The sector is struggling to
restart and this reflected in the employment framework
that continue to lose more than 100,000 units every year.
The sector more seriously affected from the long crisis

period is that of the constructions, that from the 2008 lost
the 29% from the initial production value [11].

2. THE OFF-SITE CONSTRUCTION. A NEW
IMPULSE TO THE SECTOR

We know that the fate of the sector could be raised if it
tends to a manufacturing model of production. The
synthesis between manufacture and construction is today
represented by the building off-site. It  moves the pin of
the production into the workshop lowering the intensity
of work at the construction site. That strategy reduces
times and this is related to a production that take place in
a controlled environment rather than in a site full of
variables [3]. In the construction area it’s especially the
industrial sector to use the construction off-site, the
penetration in residential context is more difficult. Unlike
manufacturing production, that shows a constant demand
for repeatable designs, the residential area is permeated
by necessity to customize the product. An additional
variable of the construction world, compared to the
manufacturing, is constituted by the inscrutability of the
demand: an automated production needs more
investments and they are justifiable only in the face of a
sure level of demand. One could argue that, in Italy, these
are experiences already seen in the past on which today
we have a negative opinion. However, the concept of
industrialized construction to which referred to, is related
to an innovative production model that permeates
business management and seems to want to succeed
where the heavy prefabrication had failed [12, 13]. 

First of all, the demand is structured in a different way today.
In the 60s the request for building goods was so important
that there were the socio-economic conditions so the launch
of prefabricated products on the market took place without
risks. Differently from what happened in USA or in North
Europe, in Italy where the tradition was linked to the building
mass, a heavy prefabrication was established in reinforced
concrete panels. They have knocked down the times of
realization and won the prejudices of the constructive
system. Nevertheless, we know that to maintain a certain
productive vitality needed a high and constant demand of
structures to be sold in the catalog. In this perspective the
extent of public planning of the interventions provided for
orders to keep the manufacturing companies viable but
paying the price of considerable misalignment under various
profiles: a)because of the high operating and plant costs the
large companies were favored over medium and small ones;
b) the building prototypes began to crystallize, preventing it
from evolving to meet the changing needs of housing in
those years; c) the industrial building production was
monopolized by heavy elements, closing outlets on the
market [14].

In the second half of the 90s the demographic decline that
follows the expansionist phase marks a big trend
inversion in the application for new housing, this marks
the end of the saga of the prefabrication in Italy. The end
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of this era laves as an inheritance a series of
considerations which help to determine a negative
opinion of the experience: driven by the urgency the
interventions had been strongly projected to the only
quantity of out-put, neglecting the aesthetic and
functional aspect. 

Today a different effort is required for companies. On the
one end there is the vast market of building regeneration,
the only sector that can boast, thanks to state incentives,
a big growth aided of investment, with 18 millions of
homes that need to be renovated [15-18]. To the other
side, the growing demand for low-cost construction, but
also qualitatively valid, by a new middle class that is more
and more aware of their needs but also destined to no
longer know the expansive income phases of previous
years, feeds the already wide gap between supply and
demand of contracted building [12].

3. OBJECTIVES AND METHODOLOGY OF
STUDY

The present research aims to evaluate the effects that the
off-site building can determinate in the Italian socio-
economic back-ground. In particular, we want to estimate
the productivity levels corresponding to the construction
of a sample building product through three different
technologies with increasing degree of mechanization:

1. traditional execution on site in reinforced concrete;

2. partial industrialization in reinforced concrete;

3. total industrialization in steel.

It is difficult to pursue this objective. The construction is
one of the economic sector that least lends itself to
productivity investigation. The causes of this difficulty are
a lot, but however all reconfigurable to the extreme
variability of the sector: the continuing still today of many
methods of traditional execution alongside more
advanced technologies; the existence on the market of
plastic or metallic stone products that, even if used for the
same function, they have a completely different yield; the
execution time and the added value for the number of
workers of the same building product, nit is variable
depending on the type of construction process adopted.
So it happens that productivity functions, that normally
correlate the flows of productive factors (the input) with
the product flow per unit of time (the output), they
include a large number of variables, for example: building
types; work organization; topography; distance of
transport; financial conditions; demand and supply
market; regulations; structure and degree of
mechanization of the building site; specialization;
qualification and size of companies; specialization and
qualification of workforce; professional and
administrative structures involved [19].

In light of this, to have a comparison on the productivity
that is achieved using different technologies, it is
necessary to refer to a univocal building prototype.

Secondly you opt for a programming tool that uniforms
the executive performances. 
The building archetype that is selected for the purpose of
the study it is a single family housing solution, on one
level, with a walkable surface of 130 m2. It is an artifact
truly performed with an industrial steel technology,
whose paternity belongs to G.G. Costruzioni S.r.l. in
Montoro (Italy). The same building prototype has been
studied regarding two other different hypotheses, the
traditional execution on site and the partial
industrialization in reinforced concrete, this last
developed by Sarotto Group S.r.l. of Cuneo (Italy). 
The G.G. Costruzioni S.r.l. is the spokesman of an off-site
steel technology which draws from the market of steel
production, with particular reference to types of dry
industrial construction in which foundations are generally
the only cast in place. The industrialized system in
reference consists of thin cold formed steel that assemble
to create a light steel frame. Structure and filling coincide
and the technological package is dry connected to the
structural apparatus. It is clear the industrial nature of the
development, every element is produced only after the
clarification of its role in the system and its final
destination, on the building site, is univocal. In detail, the
employed system is so-called panel type, in which semi-
complete walls are transported from the workshop to the
construction site where are installed and finished
superficially. 
The Sarotto Group S.r.l. instead applies a patented
executive technology. A framed structure with reinforced
concrete cast in place is associated to high performance
modular panels, prefabricated and stored in workshop.
Firstly prefabricated panels are temporarily fixed on the
foundation surface; it follows the preparation and the
casting of the pillars that solidify the structure; then the
work is fully completed on-site.
According to the purpose of the research, for each of the
three realization hypotheses the Estimate Metric
Computation (EMC) is drawn up also thanks to the
cooperation of G.G. Costruzioni S.r.l. and Sarotto Group
S.r.l. [20, 21]. It is at the base of the subsequent numerical
elaborations. The analysis methodology provides then to
extrapolate the economic data, in terms of time and costs
of execution, to use for the estimation of productivity
indices. For this estimation reticular  programming
techniques PERT-CPM, derived from Operational
Research (OR), are used. These tools allow to define a
technical and economic protocol for extrapolation of
time-cost coordinates of optimal realization of the study
prototypes [22, 23].

4. THE MODEL ARCHITECTURE

The characterization of the protocol uses the tools of the
Operational Research that, as branch of the applied
mathematics, allows to study and to solve in a rational way
problems relation the evaluation of alternatives: «It is the
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discipline in which analytical method are applied to make
better decisions» [22]. The OR is applied to a wide
spectrum of systems, they have in common the fact of
being able to be modeled mathematically starting from a
quantitative description. In this analysis, we refer to own
techniques of the Graph Theory, using the reticular
methods PERT-CPM.

The reticular programming technics are symbolic models
that, thanks to their relative simplicity in implementation,
became widespread in the building and industrial sectors.
Useful methodologies are defined both for programming
and for optimizing the times, the costs and resources
associated with a specific project initiative and for
considering the uncertainty in this estimation. The
reticular techniques that follow these aims are the Critical
Path Method (CPM) and the Program Evaluation and
Review Technique (PERT). Divulged simultaneously in
1959, both the instruments were developed together and
nowadays the differences in settings are minimal [24, 25].
The purpose of the applications is the individuation of the
optimal of Pareto, that is the decision x such that there is
no decision y better than x. The optimus of Pareto are
numerous, even infinite in continuous problems. But
while the final decision is a subjective act due to the
decision maker, the analyst is supposed to narrow down
the field of optimal and admissible decisions [22].

In this research the optimal coincides with the choice,
made by the business owner, of the best technology
among these exposed for the execution of the building
prototype.

The techno-economic protocol identifies two phases in
the investigation on the execution of building works:

1. the time analysis and

2. the cost analysis.

In the first part, the purpose is the estimate of the
minimum duration Tmin of the project. Formally it is an
optimization problem that consists in determining the
minimum point of the function f(x) that defines the
duration of the project initiative:

Tmin = minχ∈S ƒ (χ)

where S is the set of eligible solutions. For this purpose,
the steps to follow are 1.a, 1.b, 1.c.

1.a. Chronological ordering of project activities
n are the activity in exam, dj the duration of the j-th activity
and sj its start time. If E is the set of couplet (i, j) among
which there is a precedence constraint, this constraint is
formalizes as:

si + di ≤ sj con (i, j) ∈ E

1.b. Estimate of the duration of each activity
According to the PERT stochastic logic, the duration dj of
the j-th activity is a random variable described by a Beta
distribution law and it represents the average waiting time
te calculated using the “three estimates” method:

a + 4m + b
dj = te = ––––––––––6

where a is the optimistic duration of the activity, m is the
medium one and b the pessimistic one.

1.c. Determination of the critical path
The PERT-CPM logics organize the project activities in a
reticular graphic that allows the immediate viewing of the
chronological evolution of the project (cf. Figure 1). In this
graphic there is the critical path, made up of all the
activities whose delay would compromise all the
execution. The determination of these activities is made
with Dynamic Programming algorithms that, for every
action, establish the relative scroll (Total Float, TF), that is
the period of time in which it can float without changing
the work plan. In essence, the TF results from the
difference between the start LS of the activity at the latest
and the beginning ES of the same activity as soon as
possible. If an activity has zero flow then it is critical.

Figure 1 - The reticular graphic of the PERT-CPM logics.

Referring to the j-th activity:

ESi = max (ELj + dj, j + 1)

ESi = min (LSj + dj, j – 1)

TFi = LSj – ESi – dij ΛTFj = 0 → j critical activity 

The sum of the duration of the critical activities is the
minimum duration of the project that, for the CPM, is also
the normal duration. The first part of the protocol is
summarized in the workflow of Figure 2.

In the temporal analysis the purpose is to get the
duration of the activities in normal conditions, to which
also correspond normal costs, that is ordinary in
estimative sense. The total cost C(t) of the project, given
by direct and indirect costs, according to the CPM is a
function of the time t. C(t) meets its minimum point in
correspondence of a certain duration of the project,
that is called optimal. If Cn is the normal cost of the
project, the second part of the protocol intends to find
the duration which guarantees the minimization of the
total cost. It must be least equal to the minimum
duration technically possible (method of binding
objectives):

min t | C (t) ≤ Cn ove t ∈ X → t ≥   min   ∑ d
–
id:0 → n
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To this end the steps of the protocol are shown below in
2.a, 2.b, 2.c.

2.a. Disaggregation of the item cost linked to the j-th
activity in direct and indirect cost

From the Estimate Metric Computation and from the
related analysis of the prices it is possible to find the
construction costs that compete with the company
regarding a specific project initiative. In building field the

construction company is responsible of the construction
cost, obtained adding the technical cost of construction,
the indirect costs of the building site, the general site
expenses and the profit of the manufacturer. The CPM
considers only two categories of costs: direct and indirect.
The first correspond to the technical construction costs
and the second are calculated as the sum of the indirect
expenses of building site and the general overhead costs.
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Figure 2 - The first-phase workflow
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2.b. Definition of the curves direct cost - indirect cost -
duration of every activity
The relation between the indirect cost ci and the duration
t of an activity is assimilated to a straight line passing
through the origin of the reference (ci, t). So if Cd is the
total direct cost of the project in normal conditions and ci
is the indirect cost calculated as its rate, the line of the
indirect costs is:

Ci (t) = cit.
The indirect costs have a typically convex trend respect to
the duration of the activities, but the CPM considers a
linear approximation of the relationship between the time
t and the direct cost cd of the generic activity:

Cd = k – ht,
with a ≤ t ≤ b, where a is the normal duration and b is an
accelerated duration, the minimum duration technically
possible to finish the activity; h is defined as the cost of
earned time or cost index, as specified later in point 2.c.
The coordinate that on the plane time-cost is identified
by the accelerated duration and by the accelerated cost is
said point of crash (Figure 3). 

2.c. Application of the Fondhal acceleration for the search
for optimal duration
Normal programming and accelerated programming are
now known. None of them is the most advantageous for
the performer with a view to a total cost of ownership. The
better solution is an intermediate scheduling, that
minimize the total cost of the work.

For the research of this optimal duration the acceleration
procedure of Fondhal is adopted [24]. Firstly the cost of
earned time or cost index (IC) is defined, for the j-th
activity this value is:

cd
b – cd

a

h = ––––––––––.
a – b

It represents the additional unit cost (cd
b – cd

a)
necessary to accelerate the j-th activity of a unit of time.
This value is significant for the activities belonging to the
critical path. Indeed, only the critical activities, if
accelerated, determine a change in the project. So critical
activities are ordered according to their own IC and, then,
they are accelerated of one temporal unit, beginning from
the activity with the IC minimum. In every iteration the
new total cost of the project becomes:

C (t) = ∑i,j k + ∑i,j hb –∑i,j ci (t – 1).

Using the iterative Fondhal application, the total cost of
project is calculated as the sum of the normal cost K of
project and the earned time cost (with hb related to the
acceleration of the critical activity with the higher IC, in
which h is the IC and b is the accelerated duration of the
chosen activity); from this sum the indirect cost rate,
dissipated by acceleration of activities, is subtracted. So,
the optimal balance is sought between the greater direct
cost due to the acceleration and the lower indirect cost
due to the reduction in time.
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Figure 4 - The second phase workflow

After every acceleration it is necessary to check if others
activities become critical. The procedure stops when it is
found a new total cost higher than the previous one. At
that moment corresponds the admissible optimum:

t | minC (t) ≤ Cn Λ aij ≤ tij ≤ bij
At the end of the application of the protocol, for each
technology object of the study, coordinates time-cost
optimal of realization have been found. The Figure 4
synthesizes the second part of the protocol.

5. IMPLEMENTATION OF THE ANALYSIS
PROTOCOL

The three construction technologies compared are now
subjected to the illustrated protocol retracing all the steps
1.a, 1.b, 1.c and 2.a, 2.b, 2.c.

5.1 Traditional structure in reinforced concrete

In the first part of the protocol the activities are
identified with the help of the Work Breakdown
Structure in Figure 5. The operations are ordered
according to the chronological precedence constraints
in Table 1. The “three estimates method” and the
implementations of Dynamic Programmation, in the
logics PERT-CPM, allow to find the medium duration of
the activities (Table 2) and the critical path (Figure 6). In
particular, the activities that bind all the project are made
up by the wait that follows the casting of the stalls, by the
realization of the deck and by the cover finishes. It is
established a normal duration of project of 157 temporal
units (consecutive working days). At this point the
protocol shifts its attention to the project costs: to the
normal duration a total cost of € 231,293 is associated,
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while at the crash point the accelerated duration is 70
temporal units and the total cost is of € 395,586 (Table 4).
The Fondhal acceleration says that the traditional

structure in place in reinforced concrete can be well
done in 156 temporal units, with a minimum total cost of
€ 231,168 (Table 5).
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Table 1 -Chronological order of the activities

N° Activities Code Strictly previous activities

1 Ending of Design FP _

2 Construction site installation IC 1

3 Excavation SC 2

4 Basement PL 3

5 Casting waiting A1 4

6 Pillars PI 4.5

7 Cast waiting A2 6

8 Deck IM 6.7

9 Casting waiting A3 8

10 Coverage CO 9

11 External walls TEs 9

12 Internal partitions TIn 9

13 Implants Imp 12

14 Finishes FI 13

Figure 5 - Work Breakdown Structure

1.a. Identification and chronological ordering of the activities of project



journal valori e valutazioniNo. 20 - 2018116

1.b. Estimate of the duration of each activity

Table 2 - Application of the three estimates method

Activity
i-j

Activity
code

Estimated duration [gg] Average te
[gg]

Standard
Deviation

sa m b

1-2 IC 1 2 4 2 0.10

2-3 SC 0.2 1 2 1 0.04

3-4 PL 5 14 38 17 0.90

4-5 A1 9 18 30 19 0.58

4-6 PI 2 6 15 7 0.35

6-7 A2 9 18 30 19 0.58

6-8 IM 7 19 52 23 1.24

8-9 A3 9 18 30 19 0.58

9-10 CO 4 14 28 15 0.66

9-11 TEs 3 10 21 11 0.50

9-12 TIn 1 4 8 4 0.19

12-13 Imp 2 8 16 9 0.39

13-14 FI 17 48 118 54 2.80

Figure 6 - The reticular graphic typical of PERT-CPM logics
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Table 3 - Determination of the normal duration of the project

1.c. Determination of the critical path of the project

Activity
i-j

Activity
code

Duration
[gg]

(ES)n
[gg]

(LS)n
[gg]

(Sc)n
[gg]

(ST)n,n+1
[gg]

Critical
path

Normal
duration

1-2 IC 2 2 3 1 0 YES

157

2-3 SC 1 3 3 0 0 YES

3-4 PL 17 20 20 0 0 YES

4-5 A1 19 39 39 0 0 YES

4-6 PI 7 39 39 0 13 NO

6-7 A2 19 58 62 4 4 NO

6-8 IM 23 62 62 0 0 YES

8-9 A3 19 58 62 4 0 YES

9-10 CO 15 96 96 0 0 YES

9-11 TEs 11 96 96 0 4 NO

9-12 TIn 4 96 96 0 11 NO

12-13 Imp 9 105 105 0 0 YES

13-14 FI 54 159 159 0 0 YES

2.a.-2b. Disaggregation of the costs and construction of the curves duration-cost

Table 4 - Disaggregation of the normal coordinates and of the crash coordinates. IC calculation

Activity
Normal conditions Accelerated conditions IC Results

Duration Direct costs Indirect costs Duration Direct costs Indirect costs

IC 2 4,026 1,047 1 6,858 1,783 1,711 7

SC 1 4,208 1,094 0.2 4,946 1,286 1,087 1

PL 17 39,066 10,157 5 52,103 13,547 1,166 3

A1 19 – – 9 – – – –

PI 7 8,165 – 2 13,852 – 1,232 –

A2 19 – – 9 – – – –

IM 23 31,136 8,095 7 48,416 12,588 1,136 2

A3 19 – – 9 – – – –

CO 15 16,082 4,181 4 31,295 8,137 1,437 5

TEs 11 10,617 – 3 22,289 – 1,469 –

TIn 4 2,986 – 1 7,174 – 1,369 –

Imp 9 16,070 4,178 2 25,164 6,543 1,435 4

FI 54 55,703 14,483 17 110,798 28,808 1,471 6

TOTAL 188,057 43,235 322,895 72,691
231,293 395,586

2.c. Application of the Fondhal acceleration

Table 5 - The Fondhal acceleration for the calculation of the optimal coordinates of project

Activity New duration of the project [gg] Δ�C [€] New direct cost [€] New indirect cost [€] New total cost [€]
SC 156 1,087 189,145 42,023 231,168
IM 155 1,136 190,281 41,756 232,037
PL 154 1,166 191,447 41,143 232,590



5.2 Partially industrialized structure in reinforced
concrete

Following the same iter of the previous point, it is
established a normal duration of project of 117 temporal
units (Figures 7 and 8. Tables 6, 7 and 8). About the costs,
to the normal duration it is associated the total cost of €

207,935, while at the crash point the accelerated duration
is 77 units of time and the total cost is € 338.425 (Table 9).
The Fondhal acceleration confirms that the partially
industrialized structure in concrete can be well finished
in 117 temporal units, with a minimal total cost of €
207,935, so the normal duration coincides with the optimal
one (Table 10).
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1.a. Identification and chronological ordering of the activities of project

Figure 7 - Work Breakdown Structure

Table 6 -Chronological order of the activities

N° Activities Code Strictly previous activities

1 Designed end FP –

2 Production of elements PE 1

3 Construction site installation IC 1

4 Excavation SC 3

5 Basement PL 4

6 Casting waiting A1 5

7 Wall installation IP 2.6

8 Casting waiting A2 7

9 Coverage CO 8

10 Implants Imp 9

11 Finishes FI 10
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1.b. Estimate of the duration of each activity

Table 7 -Application of the three estimates method

Activities
i-j Activity code

Estimated duration [gg] Average te
[gg]

Standard
deviation

sa m b

1-2 PE 17 22 29 22 0.34

1-3 IC 1 2 4 2 0.10

3-4 SC 0.2 1 1 1 0.03

4-5 PL 5 14 38 17 0.90

5-6 A1 9 18 30 19 0.58

5-7 IP 4 10 30 19 0.71

7-8 A2 15 15 15 15 0.00

8-9 CO 6 14 41 17 0.98

8-10 Imp 2 8 16 9 0.39

10-11 FI 17 49 116 55 2.76

1.c. Determination of the critical path of the project

Figure 8 - The reticular graphic typical of PERT-CPM logics

Table 8 -Determination of the normal duration of the project

Activities
i-j

Activities
code

Duration
[gg]

(ES)n
[gg]

(LS)n
[gg]

(Sc)n
[gg]

(ST)n,n+1
[gg] Critical path Normal

duration

1-2 PE 22 22 39 16 16 NO

117

1-3 IC 2 2 2 0 0 YES

3-4 SC 1 3 3 0 0 YES

4-5 PL 17 20 20 0 0 YES

5-6 A1 19 38 39 1 1 NO

5-7 IP 19 39 39 0 0 YES

7-8 A2 15 54 54 0 0 YES

8-9 CO 17 71 117 46 46 NO

8-10 Imp 9 62 62 0 0 YES

10-11 FI 55 117 117 0 0 YES



5.3 Industrialized steel structure

As in the two previous cases, the first part of the protocol
foresees the activities and organize them in the Work
Breakdown Structure (Figure 9). The total industrialization
reduces significantly the activity in place. The activities are
ordered according the chronological precedence
constraints (Table 11). We can see that the production of
the structure in the workshop can be parallelized to all the
rest. The method of the three estimates and the
implementation of the Dynamic Programming, within the
PERT-CPM logics, allow to determine the expected

medium duration of the activities (Table 12) and the
critical path (Figure 10). It is established a normal duration
of the project equal to 94 temporal units (Table 13).

In the second part of the costs analysis, to the normal
duration is associated the total normal cost of € 207,514,
while the accelerated coordinates time-cost are both 54
temporal units and € 352,626 (Table 14). Finally the
application of Fondhal acceleration confirms that the
industrialized structure in steel can be optimally realized
in 94 consecutive working days, at the total cost of €
207,514. So the expected normal duration already
coincides with the optimal one (Table 15).
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2.a.-2.b. Disaggregation of the costs and construction of the curves duration-cost

Table 9 - Disaggregation of the normal coordinates and of the crash coordinates. IC calculation

Activities Normal conditions Accelerated conditions IC Results

Duration Direct costs Indirect costs Duration Direct costs Indirect costs

PE 22 11,784 – 17 19,675 – 1,469 –

IC 2 3,178 826 1 4,595 1,195 856 1

SC 1 3,825 995 0.2 4,496 1,169 1,087 2

PL 17 39,071 10,158 5 52,113 13,549 1,166 3

A1 19 – – 9 – – – –

IP 19 11,944 – 4 20,824 – 602 –

A2 15 – – 15 – – – –

CO 17 29,311 – 6 41,622 – – –

Imp 9 16,070 4,178 2 25,164 6,543 1,435 4

FI 55 60,789 15,805 17 117,048 30,432 1,483 5

TOTALE 175,972 31,963 285,537 52,888

207,935 338,425

2.c. Application of the Fondhal acceleration

Table 10 - The Fondhal acceleration for the calculation of the optimal coordinates of project

Activities New duration of the
project [gg]

�ΔC
[€]

New direct cost
[€]

New indirect cost
[€]

New total cost
[€]

IC 116 856 176,828 31,599 208,428

SC 115 1,087 177,916 30,387 208,303

PL 114 1,166 179,082 29,774 208,856
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1.a. Identification and chronological ordering of the activities of project

Figure 9 –Work Breakdown Structure

Table 11 - Chronological order of the activities

N° Activities Code Strictly previous activities

1 Desinged end FP _

2 Elements production PE 1

3 Construction on site IC 1

4 Excavation SC 3

5 Basement PL 4

6 Casting waiting A1 5

7 Wall installation IP 2.5

8 Trusses installation ICa 7

9 Coverage finish FC 8

10 Implants Imp 10

11 Finishes FI 11

Table 12 -Application of the three estimates method

1.b. Estimate of the duration of each activity

Activity i-j Activity code
Estimated duration [gg] Average te [gg]

Standard Deviation
sa m b

1-2 PE 16 38 53 2 1.00
1-3 IC 1 2 4 1 0.10

3-4 SC 0.2 1 1 17 0.03

4-5 PL 5 13 32 19 0.77

5-6 A1 9 18 30 7 0.58

5-7 IP 0.6 1 4 19 0.10

7-8 ICa 0.4 1 3 23 0.07

8-9 FC 8 18 53 19 1.27

8-10 Imp 2 8 16 15 0.39

10-11 FI 15 42 102 47 2.43
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1.c. Determination of the critical path of the project

Figure 10 - The reticular graphic typical of PERT-CPM logics

Table 13 -Determination of the normal duration of the project

Activities
i-j

Activities
code

Duration
[gg]

(ES)n
[gg]

(LS)n
[gg]

(Sc)n
[gg]

(ST)n,n+1
[gg]

Critical
path

Normal
duration

1-2 PE 37 37 37 0 0 YES

94

1-3 IC 2 2 3 1 1 NO
3-4 SC 1 3 4 1 1 NO
4-5 PL 15 18 19 1 1 NO
5-6 A1 19 37 37 0 1 NO
5-7 IP 2 37 37 0 17 NO
7-8 Ica 1 38 38 0 0 YES
8-9 FC 22 60 94 34 34 NO
8-10 Imp 9 47 47 0 0 YES
10-11 FI 47 94 94 0 0 YES

2.a-2.b. Disaggregation of the costs and construction of the curves duration-cost

Table 14 -Disaggregation of the normal coordinates and of the crash coordinates. IC calculation

Activity
Normal conditions Accelerated conditions IC Results

Duration Direct costs Indirect costs Duration Direct costs Indirect costs

PE 37 48,042 – 16 82,241 – 1,662 –
IC 2 3,178 826 1 4,595 1,195 856 1
SC 1 3,825 995 0.2 4,496 1,169 1,087 2
PL 15 31,746 8,254 5 44,006 11,442 1,223 4
A1 19 – – 9 – – – –
IP 2 2,917 – 0.6 4,201 – 1,106 –
ICa 1 2,009 522 0.4 2,893 752 1,106 3
FC 22 29,845 – 8 46,818 – 1,144 –
Imp 9 16,070 4,178 2 25,164 6,543 1,435 5
FI 47 43,735 11,371 15 92,946 24,166 1,501 6

TOTAL 181,368 26,146 307,360 45,266
207,514 352,626
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6. ELABORATION RESULTS. THE PROBLEM OF
BUILDING QUALITY

The application of the protocol emphasizes that the
industrialized construction technologies register a
duration respectively 25% and 39% shorter than the
execution of the same construction product performed in
loco with traditional techniques. This is accompanied by
a decrease of the costs of about 11%, as in Table 16 which
summarizes the results. In industrialized techniques the
production of the components takes place in parallel to
the building site preparation, so contracting the time
delay typical of a traditional construction site. The
decrease in duration, besides being an advantage for the
client, it also translates into lower cost for the company.

It is really important to mention also a third aspect that
competes to the final choice of the decision maker, that is
the building quality. The qualitative aspect, in construction
sector, is difficult to define. Nowadays the construction
quality is based on the strict standard UNI 10838:1999, that
describes it as a relative parameter to configure according
to the needs of the destination user. The formulation of a
qualitative judgment can be done through multi-criteria
evaluations [26-30]. But the adoption of these tools is not
systematic and the judgment to which they lead are often
fragmented. Actually, it is really complex to build a
reference plateau. Basically every study on the quality of
the construction ends up building a case in itself [31].

The formulation of the qualitative judgment on the
artifact, is based on the rating of three decisive aspects:
the quality of the construction products employed, the
quality of the project and the quality of the building
process adopted. Also the only definition of these

elements isn’t simple and can lead to different
conclusions especially when every case is an
unrepeatable singularity. But just behind this aspect there
is the possible advantage of the industrialized building.
The off-site building, thanks to the tight control of the
production chain, gives the possibility to ascertain with
confidence the production standard reached, as it will not
be possible in realizations on the place that are
unrepeatable singularity and, secondly, it allows to
structure a unique protocol of quality rating. 

So the industrialized construction can draw from the
normative apparatus already predisposed for the
manufacturing sector, in which the qualitative aspect is a
factor defined almost scientifically. On the other hand, the
heavy prefabrication of the 60s completely ignored this
aspect, due to a lack of basic sensitivity and for the
circumstances that required to accelerate the production
often sacrificing every other attribute. This contributed to
its failure.

7. THE ESTIMATE OF THE PRODUCTIVITY
INDICES

The implementation of reticular techniques of Operative
Research allowed to identify the coordinates time-cost
representative of the maximum executive potential for
each of the three building technologies under
consideration. Now these results have to be aggregated
in a significant indicator. Consistent with the premises of
bankruptcy of production in construction area, where
about the half of the working hours do not produce
economic value, it is right to indicate this indicator with a
productive parameter: «The productivity, referred to a

journal valori e valutazioniNo. 20 - 2018 123

2.c.  Application of Fondhal acceleration

Table 15 - The Fondhal acceleration for the calculation of the optimal coordinates of project

Activities New duration of the
project [gg] �

ΔC
[€]

New direct cost
[€]

New indirect cost
[€]

New total cost
[€]

IC 94 856 182,224 25,783 208,007

SC 93 1,087 183,311 25,543 208,855

ICa 92 1,106 184,417 25,060 209,477 

Table 16 - The result of the analytic protocol

Building technology Optimal project
duration [gg]

Optimal direct cost
[€]

Optimal indirect
cost [€]

Optimal project
cost [€]

Optimal unit cost
[€/m2]

Traditional execution on site 156 189,145 42,023 231,168 1,778

Partially industrialized in
concrete

117 175,972 31,963 207,935 1,599

Industrialized in steel 94 181,368 26,146 207,514 1,596



company, to a group of companies and, in general, to the
whole of an entire economy, is given by the relationship
between the results obtained in the production process
and the means used to obtain them» [32]. It measures the
capacity of the economic entity to commute economic
resources in goods and services. 
In the today’s economic world, the productive unit is the
company, whose guide is the entrepreneur who buys and
manages the productive factors, that are work, capital and
land (the input), to produce goods and services to be
placed on the market (the output).To measure the
productivity it is important to parameterize the results
obtained and the productive means used in the
production process. About the output, it is identified with
the added value of the production: the value that the
industrial processing adds to that of the raw materials
used. As input only the work that is in the production is
adopted [32, 33]. This means that the measurement index
coincides with the work productivity: «As the human
work, in an organized enterprise and in regular operation,
is the factor less subject to variations, the work
productivity usually does not tend to highlight the
efficiency of the worker, but the effectiveness of the use
of its activity». This index is evaluated as: 

Y0 � P0
π = –––––––

H0
Where: 
• Y0 is the added value of the production, estimated
according to a sector study of the Revenue Agency [34]
by means of the formula [added value / (number of
worked hours × number of workers)];
• P0 is the price for quantity of product or unit revenue,
known thanks to the elaborations carried out with
reticular techniques. The average entrepreneur
supposes to gain at least an income equal to the
construction cost, calculated as the sum of variable and
invariable costs and the builder profit, estimated as the
10% of borne costs;
• H0 is the number of hours taken at a particular
department of the considered economic entity,
calculated once the incidence of the workforce is
known in every activity.
From the analysis derives that the practice of building

techniques involves, for the building prototype in
examination, an increase of the productivity index of the
work of the 17% and the 32%, compared to the traditional
execution on site. This is accompanied by a physiological
increase of hourly added value per employee, which goes
from less than 25 Euro per worked hour to more than 36. In
Table 17 the productivity index is normalized to the value
obtained for the traditional building technology on site.

8. CONCLUSIONS

A construction worker is able to generate, in the present
day, no more than about € 25 of hourly added value, with
a margin of growth up to over € 32 for partially
industrialized construction in reinforced concrete and up
to over € 36 for industrialized steel construction. So off-
site constructions are really able to reach the added value
of $ 37 per employee, which is currently recorded by the
whole world economy. As it is evident, these results are
really important. The off-side construction can give to the
sector the real possibility to fill the gap of production
performance regarding the total economy. This would
mean, overall, the generation of further $ 1,6 trillion, equal
to half of the infrastructures requirements in the world.
Almost 1/3 of this opportunity is in Europe [1].

The present research, that reveals profiles of interest for
what concerns the outlined investigation protocol,
rigorous in terms of implemented computational tools
and replicable for studies with the same purposes, it does
not want to deny the stationary contribution offered so
far to the sector of the traditional construction on site, nor
does it intend to foresee a future abandonment. However,
it seems unquestionable that different construction
technologies can adapt with greater or lesser
effectiveness to different circumstances and it is worth
knowing well the alternatives that the  technological
progress makes available.

The study finds interesting prospects for future research
within the limits of its basic hypotheses. In fact, starting
from the considered building prototype, ie the single
family housing solution on one level, it is possible to
replicate the analysis schemes with regard to other
dissimilar building types. With the aim of assessing the
impact of new patterns on the investigation results.
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Table 17 - The estimate of productivity indices and of the hourly added value per employee

Building Technology Price Po
[€]

Added Value
Yo [€]

Productivity
Index

Hourly Added
Value per Employee Υ

–

[€/h]

Traditional execution on site 254,284 92,578 100 24.73

Partially industrialized in concrete 228,728 90,376 117 32.19

Industrialized in steel 228,265 81,859 132 36.29
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