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Abstract

The paper presents a new approach for obtained the sustainability of the construction works. In the technical
literature there are a lot of models which evaluate the sustainability performance of the construction works with high
applicability and very comprehensive. In many cases such models show some disadvantage: some models do not cover
all three dimensions of the sustainability; all of them include a great number of criteria and many of them are difficult
or impossible to quantify; they are focused manly on entire buildings and they can be applied with some difficulties
on other types of construction works and activities. The first step to avoid such disadvantages was by proposal a so
called specific model with some advantages: high degree of utilization includes only quantitative parameters, covers
the three dimensions of sustainability. The second step is presented in this paper by a new approach which takes into
account the price of each parameter and finally, the sustainability cost is established. The application of new model
is presented on three different construction works. Using of the new approach some advantages are obtained: such
calculation is easy understandably by specialists; by using the correction of the mechanical characteristics the most
sustainable solution is obtained: costs of main parameters where taken from Romanian practice, but for different zones
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and countries, such costs will have to be used.

Keywords: Sustainability; Specific building model; Sustainability index;
Sustainability cost; Case studies

Introduction

Most of the existing models which evaluate the sustainability
performances of construction works are very comprehensive and with
high applicability, like: BREEM [1], LEED [2], DGNB [3], CASBEE [4],
SB Tool [5], Green Star [6], HK-BEAM [7] and so on.

On the other hand, ISO [8-10] establishes a set of indicators to
take into account the use and development of sustainability indicators
for assessing the sustainability performance of new or existing
buildings related to this design, construction, operation, maintenance,
refurbishment and end of the live. EN 15643-1 provides the general
principles and requirements, expressed through a series of standards,
for the assessment of buildings in terms of environmental, social and
economic performance taking into account technical characteristics and
functionality of a building [11,12].

In many cases such models show some disadvantages: Any of
models do not cover all three dimensions; they include a great number
of criteria and many of them are difficult or impossible to quantify; the
tools are focused manly on entire buildings and they can be applied with
some difficulties on other types of construction works and activities.

To avoid disadvantages, the author and his collaborators had
proposed a new assessment method, called specific model. The
main advantages of this method are: covers the three dimensions of
sustainability; high degree of applicability; includes only quantitative
parameters. The new approach, presented in this paper, is based on the
specific model but instead of the calculation of the sustainability index
SI the evaluation takes into account the price of each parameter of the
tree dimensions and finally the sustainability cost SC is obtained.

Specific model

The specific model is based on simple mathematical equations,
which combine the results of the quantified parameters in a rational way,
obtaining finally a sustainability index SI:

ST= Senv + Seco + Ssoc (1)
ST S Pl e Pl
o i A2

i=1 ieco = i,soc

)

ienv

Where:

SI-Sustainability Index.

S. S, S _ —Sustainability indexes for the environmental, economic

env’ “eco’ “soc

and social dimensions.

a, B, y,- Weighting factors of each parameter of the environmental,
economic and social dimensions.

R R R

P" P" P’ -Calculated value for each parameter.
ienv ieco isoc

PR PR PR - Reference value for each parameter.
ienv? T 1eco? T isoc

In case of a comparison between different solutions, the reference
values can be taken as the best values of the parameters from each
solution; in case of a self assessment the best available practices are taken
as reference values. For those situations, where the higher value of a
parameter is considered more sustainable, the ratios of these parameters
in Equation (2) become P,/P} [13-15].

The final result of the developed specific model is a Sustainability
Index SI, whit a dimensionless value between 0 and 1, where 1 is the best
and 0 is the worst value. Similar approach has been suggested by Grace
[16] and Diaz — Balteiro and Romero [17], but there are some difficulties
for application of the models.

Sustainability cost

The whole - life costing (WLC) models consist in determining the
total cost of any infrastructure from its initial conception to the end of
its service life [18]. WLC models use the NPV approach, presented by
American Society for Testing and Materials [19], in which:

NPV=C+R-S+A+M+E

where C=investment cost; R=replacement costs; S=resale value at
the studied period; A=annually recurring operating, maintenance and
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repair costs (except energy costs); M=non-annually recurring operating,
maintenance and repair costs (except energy costs); E=energy costs.

On the other hand, the EC has proposed “Sustainable Structural
Design (SSD) methodology” which is based on three steps [20]:

Step I: Environmental Assessment (with the phases: Raw material
Extraction, Manufacturing Production, Transportation, Utilization -
Reuse, Recycling and Energy plus Carbon emissions).

Step II: Structural Performance — Based Assessment (sPBA) method
(with the phases: Definition of limit states, Structural Analysis, Hazard
Analysis, Cost Analysis) and Repair costs plus Downtime losses.

Step III: Combination of environmental and structural results (with
the phases: Carbon Emissions — tons x €/ton, Energy consumption —
kwh x €/kwh plus L - Total Expected Loss=Repair Costs €+Downtime
loss € which give Global Assessment parameter in €.

As it was pointed in the Introduction, such global models and the
others have a lot of disadvantages. The simple approach of specific
construction works sustainability cost is presented below. It has a larger
applicability and can be use for: partial building works; production of
building materials; rehabilitation works; transport of prefabricated
elements; construction technologies etc.

SC= SCenv + SCeco + Scsoc (3)
In which:
SCenV = a’i : Pi,env 5 SCeco = ZBI .Pi,eco 5 SCSOC = ZY' .Pi&‘w
i= i i=1
i=l1 i=1 (4)
Where:

SC - sustainability cost.

SC,,» SC, ., SC_ - sustainability cost for environmental, economic
and social dimensions.

a, B, Yy, - weighting factor of each parameter for environmental,
economic and social dimensions.

P...P.. P

Lenv> Liecos Ljsoc - calculated value for each parameter.

The Sustainability cost is the best for minimum value and the worst
for the maximum value. For some parameters of the sustainability
analysis P, ., » Pj o> P soc > the prices are presented in Table 1.

ienv? *ieco?

In the case of embodied energy, GHG emissions, land use, water
consumption and workload the cost in €/unit was taken from technical

Parameters
1 2
. L Energy
Embodied energy and GHG emissions
CO,
Land use and Land use

Water consumption Water

. . ) Dust’

Dust and noise during construction .
Noise

Bending moment

Mechanical characteristics Stress
Stiffness
Workload

“For protection of 1m? of the site **For diminishes of 1 dB (acceptable 65 dB)

literature. There are possibilities to change such data in function of the
geographical zone or country.

For the noise during construction, a simple formula for reduction
in noise was used:

AL =20 log(m)  [dB] (5)

where: m - the surface mass of the protected wall, kg/m*

For the calculated value in Table 1, a cell concrete of 0,1 m. and a
density of 600 kg/m’ were used. For the protection measures in the case
of dust control on construction site, a barrier is erected around dusty
activities (about 1€/m?).

The cost of the mechanical characteristics (bending moment,
stress and stiffness) were obtaining by calculating the influence of the
increasing of the concrete class for stress, elasticity module for stiffness
and cross area for bending moment. For a better appreciation of the
mechanical characteristics contribution on the sustainability analysis a
correction is necessary to be introduced:

R
K =KS T ®)
K

Where, K€ - the final value [€] of the stiffness; K - the stiffness [€]
after strengthening; K, - the stiffness obtained after strengthening; K* -
the reference (maximum) value of the stiffness.

The same procedure is used for bending moment and stress too.
Weighting factors for sustainability analysis are proposed to be:

a, =0.4; $.=0.3; y=0.3.
Case Studies Review

The specific model for obtaining the Building Sustainability Index as
well as the Sustainability Cost is presented below.

Rehabilitation of the Western University of Timisoara,
Romania

Different solutions have been proposed for the strengthening of
the columns: coating whit steel profiles, reinforced concrete jacketing
and composites based on CFRP (lamellas and sheets). Details of the
solutions are presented in Figure 1 [21-23].

Analyzing the characteristics of the solutions, several parameters
from each dimension of sustainability have been selected for evaluation,
the ones which are, CO, emissions arising from the manufacturing,
transport and execution of the building materials, total cost, consolidated

Unit Cost [€/unit]
3 4
MmJ 0.12
kwh 0.035
kg 0.23
m? 30
m? 0.75
m? 1
dB 0.15
kNm 25
N/mm? 2.9
kNm 0.85
man/hour 10

Table 1: Some costs of main parameters.
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Figure 1: Strengthening solutions using steel profiles, RC jacketing and CFRP.
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Figure 2: Sustainability for rehabilitation of the Western University.

time (workload), increase of the capable bending moment and stiffness
of the consolidated element. To quantify the parameters, different
databases, codes and bulletins have been used. The results of the analysis
are presented in Table 2 and Figure 2.

For an easy observation, the sustainability index SI is presented
from top to down and the sustainability cost SC from down to top
in Figure 2. Before the correction of the mechanical characteristics
the most sustainable solution proved to be the CFRP procedure for
both sustainability index SI as well as for sustainability cost SC. After
operating the correction, the most sustainable solution is by using steel
profiles, which has been applied.

Transport of prefabricated elements

The aim of this example is to demonstrate the applicability of
the specific model also on other types of construction activities. An

industrial hall made of prefabricated reinforced concrete elements has
to be transported from Timisoara to Galati (690 km on road). The
structure consists of 97 elements (beams and columns), weighting 450 t.
Due to the great mass, four transport opportunities have been evaluated:
on road by trucks, on railway by train, on inland water Danube River)
by barge and a combined solution by truck and barge, because in many
situations there is no direct access on inland water (like in case of
Timisoara) [23,24].

For the sustainability evaluation of each transport method, different
parameters have been assessed. The most important were the CO,
emissions, costs, transport duration, emissions of dust and noise. For
transport of prefabricated RC elements, the results of the analysis are
presented in Table 3 and Figure 3. The most sustainable solution is by
using Barge and the most an-susteinable solution is by Truck, as it was
obtained choice parameters.
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Figure 3: Sustainability for transport of prefabricated RC elements.
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Figure 4: Sustainability for recycling concrete fines.

Experimental research on recycled concrete fines (RCF)

For the analyses of the sustainability of recycling materials, the
batches taken into account are: the reference mixture without recycling
substitution (Ref): the batch with 30% replacement of cement by initial
concrete finest (RCFi); the sample with 45% replacement of sieved
concrete finest (RCFs). The RCF was obtained after crushing a C 16/20

concrete beam. The crushing of the concrete sample was performed
90 days subsequent to the casting. The mortar was prepared using
Portland cement CEM I 52.5 R. The mortar mixtures are presented in
Table 4 [25-27].

From Table 5 and Figure 4 it can be concluded: the most sustainable
solution proved to be RCFi - the batch with 30% replacement of cement
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Sustainability index for rehabilitation solution, SI Sustainabllity CO.St for rehabilitation
Parameters a B,y solution, SC
Steel profiles RC jacketing CFRP Reference Steel profiles RC jacketing CFRP
1 2 3 4 5 6 7 8 9

CO, emissions, E [kg/m2] 04 417 93.1 25.47 25.47 9.59 21.41 5.86
Cost, C [€/m?] 0.2 91.66 68.4 155.7 68.4 91.66 68.4 155.7
Workload, W [man.hour/m?] 0.1 4.29 5.9 1.86 1.9 42.9 59 18.6

) 156 143 146

Increase of bending moment, AB [kKNm/m?] 0.1 62.37 57.2 58.26 62.37 " N N

156 156 156

. 205 248.7 143.8
Increase of stiffness, AK [kNm/m?] 0.2 241.61 292.6 169.1 292.62 " " ,
248.7 248.7 248.7

—— 83 92.2 78.7
Sustainability, SI/SC - 0.702 0.633 0.797 1 " . "

91.7 93.5 100.6

“The final value [€] of: Bending moment ABC, stiffness AKC and sustainability costs €C (see formula 6)

Table 2: Rehabilitation of the Western University of Timisoara.

Sustainability index for transportation by

Sustainability costs for transportation by

Parameters Truck 690 Train 720 . Barge Truck 690  Train 720 .
Kkm km Track+Barge 1100 km Ref. km km Track+Barge Barge 1100 km
1 2 3 4 5 6 7 8 9 10
CO, emissions,
E kzg/1000 tm 123.13 24 46.14 22.43 22.4 28.32 5.52 10.61 5.16
Cost, C
€1000 tkm 394 56.04 35.26 0.04 0.04 39.4 56.04 35.26 0.04
Duration, Du
hour/1000 tkm 0.11 0.12 0.3 0.31 0.1 2.2 24 6 6.2
Dust, D
/1000 tkm 0.13 0.04 0.06 0.04 0.04 0.12 0.04 0.06 0.04
No'dsg' N 90 110 1) 50 50 135 16.5 135 75
Sustainability
0.305 0.66 0.412 0.931 1 22.14 16.96 14.6 213
SI/sC
Notes: “Track 150 km+Barge 950 km a, B, y -the same as in Table 2
Table 3: Transport of prefabricated RC elements.
Mortar mixt Binder Sand % Water % c ive strength N/mm?
ortar mixture an ater ompressive stren mm
CEMI% | RCF<1mm,% RCF sieved<63 ym, % ° ° P 9
1 2 3 4 5 6 7
Base 22 0 0 67 11 52.5
RCFi 15.4 6.6 0 67 11 31
RCFs 121 0 9.9 67 11 25
Table 4: Mortar mixture and compressive strength.
Sustainability Index for mixtures Sustainability costs for mixtures
Parameters a, B,y 5 8
Base RCFi RCFs Reference Base RCFi RCFs
1 2 3 4 5 6 7 8 9
Energy, E 0.4 2104 1609 3736 1500 69.43 53.1 123.3
mJ/m
Direct cost, C 0.2 44 42 78 40 44 42 78
€/m?
Manpower,M 0.1 2 35 54 2 20 35 54
man-hour/m
Waste, W
/e 0.1 7 6.9 20.7 5 1 1 3
Dust, D 0.05 15 17.8 56.2 14 1 1 1
g/m
Noise, N
dB/m? 0.05 23 30 67 20 3.45 45 10
. 152 90 73
Compressive strength, N/mm? 0.1 52.5 31 25 55
152* 152* 152*
Sustainability - - - - - 54 42.5 71.9
Index Sticosts - 0.76 0.763 0.364 1 54.0* 48.5* 80.0*
‘The final values [€] of compressive strength and sustainability costs €C
Table 5: Sustainability of recycled concrete fines.
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by initial concrete finest; the sample with 45% replacement of sieved
concrete finest, RCFs, is the most unsustainable due to of unfavourable
parameters as direct cost, manpower, waste, dust, noise and compressive
strength.

Discussions and Conclusions

Using of the new approach for the specific construction works

sustainability model some advantages are obtained.

1. The judgement of the sustainability by using of the price of
each parameter and finally of the sustainability cost is easier
understandably by specialists: the most sustainable solution is
the cheapest one.

2. By introduction of the correction of the mechanical
characteristics (bending moment, stress and stiffness) the better
result of the sustainability is obtained: for the rehabilitation of the
Western University Timisoara the coating with CFRP is the most
sustainable by analyses with SI and SC (Table 2 and Figure 2) but
without assuring the drift limitation condition; after operating the
correction of the mechanical characteristics, the most sustainable
solution is by using steel profiles, which has been used.

3. Costs of main parameters were taken from Romanian practice.
For different zones and countries, specific costs will have to be
used.
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