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Abstract

The paper considers the assessment model of the category Accessibility, which is a basic element of the social
aspect of sustainable construction. The model takes into account the standard PN-EN 16309+A1:2014-12,
which generally provides methods and requirements for assessing the social performance of buildings. The
authors, for the purposes of the model particularise the scope of the assessment category and set threshold
values and the weight of particular social indicators. The model is treated as a contribution to developing
amethod for comprehensive assessment of the social characteristics of buildings.
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Streszczenie

W artykule rozpatrywany jest model oceny kategorii Dostepno$¢ bedacej podstawowym elementem aspektu
socjalnego zrownowazonego budownictwa. Model uwzglednia norme PN-EN 16309+A1:2014-12, ktéra
wsposob ogdlny podaje metody i wymagania dotyczace oceny socjalnych whasciwosci uzytkowych budynkow.
Autorzy dla potrzeb modelu  uszczegolawiaja zakres oceny rozpatrywanej kategorii oraz ustalajy progowe
wartoéci oraz wagi poszczegolnych wskaznikéw spolecznych modelu. Model traktowany jest jako przyczynek
do opracowania metody umozliwiajacej kompleksows ocene socjalnych whasciwosci budynku.

Stowa kluczowe: Komitet Techniczny CEN/TC 350, aspekt socjalny, dostepno$¢, model
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1. Introduction

One of the basic standards developed by the Technical Committee CEN/TC 350
Sustainability of construction Works [ 3, p. 2010-2023 ] regarding the social aspect of sustainable
development is the PN-EN 16309+A1:2014-12 Sustainability of construction works —
Assessment of social performance of buildings — Calculation methodology published in
English. In this standard six categories have been distinguished, which are used to assess the
social performance of buildings: K, — accessibility; K, — adaptability; K, - health and comfort; K,
— impacts on the neighbourhood; K, — maintenance and maintainability; K, — safety and security.
The standard also includes methods and requirements for assessing social performance in
buildings by taking into account the technical characteristics and functionality of the building.
It should be noted that the standard [8] provides guidance for the assessment of the building,
but does not include threshold values or weights of individual social indicators (category).

In this paper, the authors present a mathematical model for the assessment of the first
category of social performance in buildings K Accessibility. The authors treat the model as
a contribution to the development of a model to enable a comprehensive assessment of the
social characteristics of the building.

2. Assumptions for model

The proposed method, designed to assess the category Accessibility, covers the comparison
of the solution features of the building tested (in terms of access to the building) with the
characteristics of the reference object. The reference building is a hypothetical building
designed according to current standards and practice with the same technological, structural
and functional parameters as the building being evaluated. The reference building serves as
a base of all possible theoretical analyses and is associated with a set of data defining the assess
object. More information about the reference building is contained, among others, in paper [ 7].

In the constructed model, only the basic, in the authors’ opinion, most important elements
related to the categories K (i = 1, 2, .., m) describing the system (object) are included. In
order to clarify the scope of given category Ki subcategories I<x’j (=12, ., n,i=12,.., m)
were specified that particularise K (i = 1, 2, .., m). Each of the subcategories is judged by
the criteria Ki]_k (k=1,2,.., ”i;'j =1,2,.,n,i=12,., m). In order to formally describe the
evaluation of the category K with components (subcategories) assessed by n, criteria shall be
introduced the following scoring matrix O:

(o} z[o;'.,l,o;rz,...,o;'“w] fori=1,2,.,m;j=1,2,..,n, (1)

wherein the values o; , forlast n; —n, places will be zero,
)



where:
n, limiting values for the index k, ”,; =maxn_;

1<j<n, 7

n limiting values for the index j, n/ =maxn,;
1<ism

The values of ratings criteria are determined on the basis of expert knowledge [, p. 73-78].

For the evaluation of the considered factor (criterion), depending on finding the existing
state, a discrete scale consisting of 1 + p levels for p = S p with levels with the following
meaning were adopted:

5 — very good condition,
4 — good condition,

3 - satisfactory state,

2 — poor condition,

1 — very poor condition.

The proposed scale enables the influence of factors that are difficult to measure to be taken
into account.

In the multi-criteria analyses [1], and these we are dealing with, an important problem is the
unequal validity of the criteria adopted, in varying degrees of fragmentation characteristics of the
object (criteria), and including this in the assessment algorithm. For this purpose weights should
be entered (hierarchical coefficients, standardized with regard to individual vectors of state
assessment) which are correction values according to the preferences expressed by an expert:

2,.€[0,1] where D=1 da j=1,2,.,n,k=1,2,.,n (2)

The model assumes the scale of weights from 0.1 to 1.0 (0.1 - little important, ..., 1.0 - very
important) [4, p. 4236-4240].

3. Construction of the model

In a complex system which a building is, a clear proposition of the evaluation index is
extremely difficult, so the authors propose to deal with a qualified assessment. Using the
qualified evaluation 0 forj=1,..,n;k=1,.., n, we receive a rating matrix of category O’ and
assigned to it the matrix of weights A':

Mgk,
o= i .o A= (3)
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where:

catego.
i« i=1«,6

. .. ik
subcategories characterizing AV ] \ feature describing the selected
individual categoriesj =1, « , ni subcategory k =1, « , ny

In the present case for K| Accessibility two subcategories K | and K , and the criteria by which
they are assessed are specified. The tree of the assessment for category K, is shown in Fig. 1.

CATEGORY SUBCATEGORIES CRITERIA
Ky
Accessibility to K111 The approach to the building
— building facilities
including people K The ent rance to and movem ent
Wlth additional L iﬂSidC thC bu1ldmg
needs
K m The provision and operability of
ACCESSIBILITY — Ko sanitary facilities
K — K The provision and ease of operation
L Access to building ] 122 o switches and control systems
services The accessibility for people with

I Ki,3 additional needs of electronically or
mechanically operated systems

The provision of communication
K systems in the building (e.g.
e telephones, information systems,
etc.

Fig. 1. Assessment tree of category K, Accessibility

Indexes for category K| Accessibility will take the following values (Fig. 1):
—n index values j: fori=1,n =2,
-n, index values k (wheni=1) forj= Lin, =2; forj= 2in, =4

In paper [6, p. 55-61] the characteristics of the elements of the “tree assessments”

juxtaposed in Fig.1, including the matched rating scale, have been presented. The matrix of
assessment for Accessibility and the matrix of weights assigned to it will have the form:

122



o, 0, 0 0 Al A, A, 0 0

1 1 1 1 1 1 1 1
02,1 02,2 02,3 02,4 7\'2,1 7\'2,2 7\'2,3 )\'2,4

0'= (4)

Based on presented in [6, p. 55-61] subcategories and the criteria describing them can
be extracted from the matrix (4) assessments vectors and weight vectors for individual
characteristics (criteria):

ollk 2[0:'1,0:'2] and O;k 2[0;,1:0;,2 10;,3 10;,4] (5)
Mk :D“i,u}"i,z ]T and )\‘lzk :D“;,u}“;,z ’7”12,3 :7‘*12,4 ]T (6)

Taking into account vectors (S) and (6), by applying the adjusted index of summation
[2, p- 2010-2023], a partial assessment for each of the two separate subcategories should be
calculated:

» for K|, Accessibility to building facilities including people with additional needs we obtained:
2
011 :zkzloll,k }“ik :011,1 7\‘11 +011,2 }\‘12 (7)
» for K, Access to building services scalar function will have the form:

1 _ 4 11 1 1 1 1 1 1 1
0,= Zkzloz,k 'kz,k =0, '7\‘2,1 +02,2 '}\'2,2 +02,3 '7\‘2,3 +02,4 ')"2,4 (8)

The next stage is to determine the adjusted index of summation for the vector value
received in the previous calculation: O] = [Oll ,0, ] In addition, for each subcategory a weight
vector in the form has also been designated (by survey):

T
L=[L,L ] (9)
For such a set value we calculate:
2
0. = jZIO;-Ifj=Of-L11+O;-L12 (10)

The evaluation of K, for the social aspect of sustainable construction obtained in the above
calculation should be compared with the assessment, previously determined, for the reference
object. The difference between the obtained assessments gives us information about the state
of the analysed object in relation to the current requirements for the category Accessibility.




4. Example
4.1. Building characteristics

A residential unit located in multi-family building on the housing complex “Pod Fortem”
in Krakow has been assessed. The building was constructed using mixed technologies: ceilings
between storeys, basement walls and pillars on each floor are monolithic, the interior brick
walls are made of silicate blocks, external walls are three-layer. Building dimensions: 53.10 x
15.45 x10.60 m*. The housing estate was erected in the years from 2006 to 2008 and together
nineteen residential blocks were created. The building is triple-staircase, three-storey and
basement. In the basement storey there are 13 parking places for cars. The estate is located on
the outskirts of Krakéw, it is fenced and has an internal road infrastructure and parking spaces
for cars in its area. The premises shown are a three-bedroom apartment, located on the first
floor. The layout and location of the apartment are presented in Figures 2 and 3.

Fig. 3. View of housing estates on which the assessed apartment is situated

4.2. Determining the values of the criteria

After the local vision, the necessary information was collected from the occupants about
the building and the surroundings and taking into account the rating scales proposed in
paper [6, p. 55-61], the criteria characterizing the category K, Accessibility in the examined
apartment were established. The results of the findings are presented in Table 1:
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Table 1. The assessment of criteria characterizing the various subcategories

Subcategories Criteria Assessment 01jk
Accessibility to building K, The approach to the building S
K, facﬂvlt}llestig.cl'udmlg P eZP le K The entrance to and movement inside 3
with additional needs 12 the building
K The provision and operability of sanitary s
121 facilities
The provision and ease of operation of
K . 3
122 switches and control systems
K,  Access to building services The accessibility for people with
s additional needs of electronically or 4

mechanically operated systems

The provision of communication
systems in the building (e.g. telephones, S
information systems, etc.)

The validity of the various criteria K;k established on the basis of expert preferences is
shown in Table 2.

Table 2. Weights of each criteria (marking of subcategories and criteria according to Tab. 1)

Subcategories Criteria . 1
u gorl HE Weights A i

0.559
0.441
0.213
0.246
0.224
0.317

Below are given the qualification data for evaluation of the Accessibility category in matrix
form together with matrices assigned to the weights (determined on the basis of the survey):

o S 300 R 0.559 0.441 0 0
15 3 4 5 10213 0246 0224 0317 (11)
U 0.489
710511 (12)

By multiplying the matrices (shown in paragraph 3) the vector of ratings was yielded:
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. [4118
O =
714284
Then multiplying the vector of ratings by the vector of weight, were obtained the evaluation
of category K, for the investigated object:

0. =0;-L =4.203

In parallel, an assessment of the reference object for this type of building () should be
performed. Next we examine the difference in assessments of category K, of the tested object
and the reference object:

AO::OElR —Oi (13)
and quotient:
A 1
o= O,
o (14)

c

The indicator § shows how big the difference is between the category of Accessibility for
the particular building, and the value of Accessibility for the reference building, which takes
into account the current technical and construction regulations, contemporary logistics of
towns and housing estates, new technologies of erection, etc.

S. Conclusions

Assessment of the social performance of buildings is a quite difficult process. A part of the
assessed elements may be quantified, compared with standard parameters, while others, such
as logistics solutions in the object, the degree of implementation of modern electronic devices
(BMS) is difficult to quantify. The proposed modelis characterized by a comprehensive approach
to assessing the social performance of the building. It can provide significant simplification in the
evaluation of real estate and indicate the manager / owner the need and scope of refurbishment
for the approach to the building and functional solutions inside the building.

The work was done partly through a statutary research of AGH in Faculty of Mining and Geoengineering 11.11.100.197.
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