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ABSTRACT

The progressive degradation of residential buildifgy mainly caused by negligence in their mainteaaand
repair. In order to maintain the facilities it isgessary to properly prognosticate the repair nédus article presents a
method of repair planning for buildings in usealdo demonstrates the results of its applicatierpfanning repair needs

for residential buildings, which were erected ia thaditional technology, located in Zielona Gora.
KEYWORDS: Degree of Technical Wear, Needs Repair, Repairiiig
INTRODUCTION

Negligence in maintenance and repair is the maeae of the decline of technical value of a buidiwith the
passing years, the repair needs are growing, ama@thkence of such work results in the loss of gability value of a
building. In order to maintain the existing builgs) it is necessary to solve problems associatddthe prognostication
of the repair needs (Runkiewicz 1998, Skasky 2010).

For a larger collection of buildings (such as mipatbuildings within the city of Zielona Goéra),dan be stated
that buildings and their individual components @aeaged in varying degrees. Due to the limitedniiie resources, it is
always a difficult decision to select an elementb® repaired. The proposed method of planning rep#i existing

residential buildings, which are worn in differelggrees, can be helpful in making decisions.
GENERAL CHARACTERISTIC OF THE BUILDINGS

The research included 80 residential buildings tletavithin the municipality of Zielona Gdra. Theildings
were erected in 1850 — 1915 mainly as classicanemt houses. All the objects are placed on theflithe State Service
for the Protection of Monuments. According to thaprof Zielona Géra from 1896, most of the buildirmgs situated

along the main streets of the town (e.g. Kupiedkandci, Wandy, Zamkowa).

All of the analysed buildings were erected with tise of similar material and structural solutiofise walls of
the examined objects are masonry, solid brick,rilee wooden beam, stairs and roofs performed asl@ostructures,
purlin-clip roofs, sometimes the collar beam, pléila roofing. The administrator of all the analgisbuildings is the

Department of Municipal and Housing AdministratiarZielona Géra.

All the buildings of the collected research mateni@ve similar material and structural solutionkeTifferences
are only in the spans of floors, numbers of flamd roof truss constructions (usually purlin-Tiskmetimes collar beam).
The walls of the tested objects are built of sdiiitk, floors - wooden beam, stairs and roofs penfd as wooden

structures, roofing — plain tile.
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36 Beata Nowogdiska

In the vast majority of buildings included in theadysis, identical defects were found:
« Dampness of the walls due to the lack of horizoatal vertical insulation of basement walls and ttation;

» Dampness of the upper parts of the buildings dueaks in the roof coverage, lack of cornice cogeralefective

roof drainage;

» Biological corrosion of wooden elements such asor8, stairs, roof trusses, windows, doors andifhgp lack of

proper heating in buildings;
e Excessive consumption of the building caused bjopged lack of maintenance and its improper use.

For all the buildings a periodic assessment of nmeh condition was carried out by experts. Duritg
evaluation, the consumption rates of individuahedats of buildings were established. The data eratierage degree of

wear of the examined objects are presented in Table

Table 1: Average Values of the Degree of Wear of Hdings Elements

. Variation
No Name of the Element Average Value Min Max Coefficient
1. Masonry brick walls 46,1 30 7( 24,04%
2. Wooden beam ceilings 46,3 30 80 27,10%
3. Wooden stairs 45,2 25 90 32,209
4. Roof rafter 44,6 25 85 33,30%
5. Tail caver 48,0 0 75 33,97%
6. Gutters and drain pipes 53,7 30 80 27,67%
7. Wooden floor 46,1 30 85 26,10%
8. Windows 61,8 30 90 20,55%
9. Doors 49,8 20 80 22,10%
10. | Water supply and sewage pipes 34,1 20 100 35,95
11. | Water supply and sanitation fittings 35,1 20 010 35,10%
12. | Gas pipes 37,6 20 100 39,659
13. Internal plasters 39,1 20 7B 25,72%
14. External plasters 49,7 20 100 32,08%

The obtained mean values of the degree of weahefbuildings indicate a poor technical conditiontloé
analysed buildings. Mean values for all the elemeare higher than 60%. The situation is worryingpatlue to the
maximum values of the degree of wear, i.e. 100%uwing for almost all components of the buildingmwever, large
values of the variation coefficients indicate sfigaint differences of the technical condition o txamined objects. For
five components of the buildings, the variation fioents are greater than 30.0. The obtained tssuidicate the
heterogeneity of the objects in terms of their degof wear. The differences in the technical céowlit of the examined

buildings are due to modernization work carriedinigome of the objects in recent years.

PROPOSED METHOD OF REPAIR PLANNING

For a larger group of buildings, destroyed in véritegrees, there is a problem of a rational seleatif the

sequence of repair to be carried out, i.e. consigex series of questions:
*  Which building should be subject to the repairhia first place and which later?

e Which element (e.g., ceiling, roof) requires imna€iintervention, and which elements can be regdater?
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e Or weather to wait with the renovation of the dasthdpuilding element until another, interdependdament
will be replaced?

The proposed method, called the method of applicatif indicators [2], useful in planning the reganf

buildings damaged in varying degrees, should peogid answer to these questions.

Criteria - tvpe P1.P2. .- Py & P,
The set of evaluation criteria for
prioritizing repair work

[ ] Criteria - measures zi_J_= f‘-‘;‘-‘ bij.
Lidsdide i o= M,
The set of measures specifving
the criteria
| Matrix of data set D;
Criteria B I Bs
_ elements
_hj z, f, t, b, £, 1, h_
. }f}j 7, f.t, b, 5, 1, h ]
= z,, f. t. b. r. 1. h,
l;=3 ] ] ] i
i=m . fp oty by o L By
............ o ) ' |
. %, |
Criteria - weights | : : : — .
gh Wy | Matrix of weights specifying cntena@‘
{ Ki=DixW, ]
i Buildings i=1.2,...n . K F|
Elements = Matrices of indicators of the
i=1 k, sequence of repair work
1=2 k,
1=3 ky;
i=m k_.

Figure 1: Sketch of Repair Planning According to tle Method of the Application of Indicators

The method of the application of indicators is sthated by diagram presented in figure 5. The éstedul
evaluation criteria for planning the subsequengireworks p, p,,..,p;, determined by measures of the evaluation criteria
z,j, fij, B, by, ny, 1y, Ky and weights of these criteria, vW,,...,w; constitute the output data to determine the maifix

indicators of the order of executing the repair ksok;.

The proposed method of the selection of the ordeexecution of the repair works in residential dings
consists of the following sequence of actions:

www.iaset.us editor@iaset.us



38 Beata Nowogdiska

« establishing criteria affecting the order of thpaies;
» determination of the weight factors for each ciiter
» establishing the set of the analysed buildings;
» establishing the numerical measures of the criteria
» determination of a mathematical equation which ig#ld to the order of repairs;
» providing indicators determining the selectiontd sequence of elements.
In the method the following criteria have been addp
» The degree of the building wear;
e The structure of the building;
»  The durability period of the element;
» The impact of the element wear on the conditioatbér elements;
* Interdependence between the repair of one elemelnthe repair of another one;
*  The locality of the building;
e Cultural and historical value of the object.

The criterion of the degree of wear of individubldments in buildings is based on the percentageegabf wear

of elements established during the evaluation e@fti¢ichnical condition of buildings.

The structure criterion connotes the division @& Huilding into the following components: structuishielding,

equipment and finishing.

Durability criterion includes the diverse processésvear and tear of the building elements duénéir tdifferent

durability periods.

The effect of their destruction on the conditiorottier elements was determined on the bases ahihect of the

wasted element on the destruction of other eleniarite building.

It should be noted, however, that these criterm jast selected major indications for prioritizatia.e. the
sequence determination, of the repair work. Theeeadso many other criteria for overhaul plannifay, example, the
interdependence while performing repair works imptexes of buildings, the kind of used materiald sechnologies as

well as criteria related to the modernization oifdings.

The weights of the evaluation criteria were essdigld on the basis of consultation with those asssgtiwith the
issue of the maintenance of residential buildingsilding administrators, university academics, ajgars, historic
buildings restorers, designers, and contractoropring the repair works. However, it is estimathdt the evaluation of
criteria weighting is an extremely complex probland the adopted weights should be verified in theré. For example,
a nation-wide extensive survey into planning therbauls and the determination of evaluation cateduld be conducted

among the interested parties.
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Matrix of data set Pis determined by the following measureg:m

zj— measure of the wear of an i-th element in ttieljuilding;

fij - measure of the building structure;

ti; - measure of the durability of an i-th elemenéijth building;

bi; - measure of the impact of the devastation oftlirelement on other elements in a j-th building;

rij - measure of interdependence between the repain 6th element and the repair of other elemants ji
th building;

lij - measure of localisation of a j-th building;
hij - measure of culture and historical values oftalpuilding;

where i - denotes an ordinal number of an elemmeatbuilding, i=1, 2, 3, ..., m;

j — denotes an ordinal number of the object; j 2,13, ..., n.

The temporal arrangement of the execution of tipairevorks may be determined after the indicatgyhé&ve

been sequenced. The sequentiality indicators faglements in a j-th object may be obtained by sglvinatrix

equation (1).

m X u.

Ki=Dj*W, (1a)
[KipJmxx = [dhp Jmxu * [Wplua (1b)
where:

Kj, [Kipjlmxa- matrix of indicators determining the order of tiepair works in a j-th building;

Dj, [diplmxu - matrix of measures of criteria for elements jrttabuilding;

W, [Wp)uxa - matrix of criteria weights;

[ - ordinal number of the element in the objeét, 1, 2, 3, ....m
j - ordinal number of the object, j =1, 2, 3,n.,
p - ordinal number of the criterion, p =1, 2,.3,u

Matrix of measures of criteria; [for a j-th building), determined by equation (B)a rectangular matrix of finite

z; B4 by o by hy
ZZJ fzj tzj bZJ r2J I2J hZi
D, =|%; fa & by by Ly hy 2

Zop Toi & Bop Ty Iy By

The expressions in matrix y&re weights of u-criteria (3).
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p W 3)

Indicators determining the order of the repair vook m-elements in the j-th building are comprigedhatrix K

(4) which is the solution to equation (1).

kli
Ky,

K = | Kaj (@)

K

The task involves solving matrix equation (1). Npliting numerical measures of criteria by their glgs we
obtain numerical values assigned to each of thenmead element in the building, which was includedthe study.
Numerical values resulting from the study, are dattirs of the order of execution of repairg;- Khe higher the rate is,
the more urgent renovation of the i-th elementhim jtth object. The indicator does not mean, howeaey physical size

of the repaired components, it only serves to thekelements of the building due to the proposeeroof repairs.

Using the principles of elementary matrix operagicm mathematical picture of an i-th element injitiebuilding

can be obtained:
Kijj = Zi*Wo + fi*We + 6 W + by wp + 1 "Wy + *wy + h*w (5)

The result of equation (5) is the indicator of trder for a particular element in a particular ebjén interesting
sequence of repairs may be obtained by comparmntticators of the order of elements which weralifjad to repair in

the pre-selection process.

For a larger complex of buildings, the result Wil presented in a form of a set of matrices imtiraber equal to
the number of buildings. For an arbitrary numbebwaifdings, the specific expressions of the mapriavide the possibility
to prioritize the analysed objects and their congmas as well as to determine the sequence of amyobjects and their

components.

In the planning of repair work, the method of iratirs may be used to elaborate a schedule of taske
performed. The method does not help in the detextioin of the date of the repair of any of the exsadiobject or its
components, as the term depends on the fundshédiuildings administrators may spend on the regdr also on the

costs of the overhauls of particular building comgats.
Prediction of the Repair needs for Buildings in Ziéona Géra

According to the proposed rules and assumptioriseomethod of indicators, the research included daliected

for 50 sample buildings, which were further anatiysm the bases of the carried out calculations. diftained results,
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which are the indicators of the order of the exiecubf the repair work for individual elements df the examined
buildings, were ordered from the highest to the dstwvalues thus indicating the order in which tkpairs of all

components of buildings should be performed.

Table 2: Mean Values of Sequence Indicators for Blding Elements

Mean . Standard | Variabilit
No. Name of the Element Value Min Max S Coefﬁcie)r/n
1. | Masonry brick walls 0,067 0,0630,072 0,003 4,48%
2. | Wooden beam ceilings 0,071} 0,060,079 0,003 4,23%
3. | Wooden stairs 0,066 0,0630,074 0,003 4,55%
4. | Roof rafter 0,076 | 0,072 0,084 0,003 3,95%
5. | Tail caver 0,073 | 0,067 0,081 0,004 5,48%
6. | Gutters and drain pipes 0,067 0,059,073 0,005 7,46%
7. | Wooden floor 0,043 | 0,038 0,049 0,003 6,98%
8. | Windows 0,058 | 0,058 0,065 0,004 6,90%
9. | Doors 0,052 | 0,04F 0,059 0,004 7,69%
10. | Water supply and sewage pipes 0,058  0j0B3066 0,005 8,62%
11. | Water supply and sanitation fittings 0,058 6,050,066 0,005 8,62%
12. | Gas pipes 0,059| 0,0540,067 0,005 8,47%
13. | Internal plasters 0,037 0,0820,045 0,004 10,81%
14. | External plasters 0,060 0,0p30,067 0,004 6,67%

The obtained results, presented in Table 2, allonclusion that among all elements of a buildingofs, roof
trusses and roof coverings demonstrated the higlvesage values of the sequence indicators, whiduated more than
0.07. These elements should be repaired in thepliase. The largest differences of the obtainddesof the sequence
indicators occurred for water supply, sewerage tihgasystems as well as for gutters and downpifé® standard

deviation for these elements is the largest.
Four groups of elements were adopted in termsefdpair sequence:
» elements for which repair is absolutely necesdhryyalues of sequence indicator index are greéfader0.068,
» elements, for which the repair is required, thesgalof sequence indicator index range from 0.0%1G68,
» elements for which repair is recommended, the watiiesequence indicator index range from 0,031,@861

« elements for which the repair is currently not rieegl the values of sequence indicator index aveefathan
0.031.

The first two groups include buildings elements athivear rate is greater than 50%. Additionally, tigair is

absolute recommended for them due to the cultunéihgstorical values of the buildings themselvetheir location.

The “recommended repair” group contains elementh tie degree of wear lower than 50%, but due &ir th
location and cultural conditions, their (or thelerments) repair must be performed earlier tharrépair for the elements

of the fourth group.

Assuming the division of the buildings into the faoups, it is possible to assess the size ofdhair needs for

the analysed group of buildings.
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M repair is absolutely
necessary

the repair is required

W the repair is recommended

W the repair is currently not
required

Figure 2: Sizes of the Repair Needs of the Analys&ulildings

The results presented in figure 6 prove the validita negative assessment of the current housiagtisn in

Poland. Among the elements included in the analysis14 components of 80 buildings (total numberl20 elements),

only 3% elements did not require repair at thaetithese are usually plasters), and for the remgi8v %, repairs should

be performed. For 13% of the elements, the renowais absolutely necessary, for 56% - required, 3886 of

elements — recommended.

The proposed method for planning repairs of bugdinerected in a traditional manner, enables seiugithe

examined objects in terms of the necessity of tbearhauls as well as the determination of the rimgerelationship

between two arbitrary buildings. The method mayapplied to the process of repair planning for betsingle building

and a larger group of buildings.

CONCLUSIONS

Due to the limited financial resources, selectirfgudding or its component to be repaired is alwaysoblem of
particular importance for a decision-maker. Theppsed method of planning repairs of existing mgralace

buildings, worn in different degrees, may provééohelpful in making decisions.

Renovation work in existing buildings which are fpemed according to the plans prepared with theafisthe

method of indicators will result in the inhibitiarf progressive degradation of buildings.

The proposed method of repair planning for an exbjtgroup of buildings erected in the traditiotedhnology
allows ranking the studied objects in terms ofréygair needs and to determine the ordering reldtegween two

arbitrary objects. It may be used for repair plagrfor both a single building and a larger grouppwitdings.

The indicator method may also be used in plannorgpdex repairs for all quarters of a town. The hestisuch
applied method will be one matrix of sequence fbthee buildings, which can be obtained after defeing the

weighted average wear for all the buildings.
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