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IZBOR OPTIMALANOG TIPA FASADNOG ZIDA KORISCENJEM SOFTVERSKOG
PAKETA , DESIGNBUILDER*

CHOOSING AN OPTIMAL TYPE OF FACADE WALL USING “"DESIGNBUILDER”
SOFTWARE PACKAGE

Daniel MOHACI
Vladimir MUCENSKI
Milan TRIVUNIC
Igor PESKO

1 uvoD

Posmatrajuéi trziSte materijala sa aspekta moguéih
reSenja izrade fasadnih zidova dolazi se do zaklju¢ka da
je iste moguce izvesti na mnogo nacina. Izbor optimal-
nog tipa fasadnog zida sve viSe dobija na znacaju s
obzirom na stalni porast cena energenata i troSkova
izgradnje. Ukoliko tom izboru dodamo izbor odgovara-
juc¢e termoizolacione obloge, definisanje optimalne
kombinacije postaje slozenije. U okviru rada izvrSena je
analiza realnog objekta sa aspekta izbora optimalne
kombinacije zida i termoizolacije.

Kako bi se izvrSio izbor postavijen je kriterijum
minimalnih ukupnih troSkova. TroSkovi analizirani u okvi-
ru rada odnose se na:

- troSkove gubitaka toplotne nergije i

- troSkove izgradnje fasadnih zidova sa zavrSnom
obradom.

Isti su analizirani za period eksploatacije objekta u
trajanju od 30 godina.

U cilju Sto preciznije procene gubitaka toplotne
energije kroz povrSine fasadnih zidova, analiza toplotnih
karakteristika zidova izvrSena je pomoéu demo verzije

Daniel Mohagi, dipl.inz.grad.-master, Novi Sad

e -mail: dmohachi@gmail.com

Vladimir Mucenski, dipl.inz.grad.-master, Fakultet tehnickih
nauka, Novi Sad, Trg Dositeja Obradovi¢a 6,

e -mail: mucenskiv@uns.ac.rs

Prof. dr Milan Trivunié, dipl.ind.grad., Fakultet tehnickih
nauka, Novi Sad, Trg Dositeja Obradovi¢a 6

e -mail: trule@uns.ac.rs

Igor Pesko, dipl.inz.grad.-master, Fakultet tehnickih nauka,
Novi Sad, Trg Dositeja Obradovi¢a 6,

e -mail: igorbp@uns.ac.rs

ORIGINALNI NAUCNI RAD
UDK: 692.232.45:004.4 = 861

1 INTRODUCTION

Observing the materials market from the aspect of
possible solutions for realization of facade walls, a
conclusion can be drawn that this can be done in
numerous ways. The choice of an optimal type of facade
wall is gaining in importance, regarding the continuous
increase in prices of energy-generating products and
building costs. If this choice involves the choice of proper
thermal-insulation coating as well, the process of
defining the optimal combinations gets more complex.
This paper provides the analysis of an actual
construction facility from the aspect of choosing the
optimal combination of the wall and thermal insulation.

In order to make this choice, the condition of
minimum total costs was set. The costs analyzed within
this paper relate to:

- costs of thermal energy losses

- costs of realization of facade walls with finishing
works.

These costs were analyzed for the period of 30
years, throughout which the construction facility is used.

With the aim of most accurate estimation of thermal
energy losses through facade wall surfaces, the analysis
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programskog paketa DesignBuilder v2.0.5.013. u "Eva-
luation mode"-u [1].

2 ANALIZA FASADNIH ZIDOVA SA ASPEKTA
TOPLOTNOG PRENOSA

Toplotni prenos ili U-vrednost je osnovni parametar
usvojen za medusobno poredenje toplotnih karakteri-
stika fasadnih zidova. Isti predstavija koli¢inu toplote,
koja prode kroz konstruktivhu sekciju, izmedu unutrasnje
i spoljaSnje klime, za jedinicu povrSine i temperature.
Jedinica mere je W/m2K. U-vrednost se u literaturi moze
naci i pod nazivom ukupni koeficijent prolaska toplote.
Prema [2] izraz za U-vrednost je sledeci:

of thermal characteristics of walls was carried out by
using a demo version of DesignBuilder v2.0.5.013
software package in "Evaluation mode" [1].

2 ANALYSIS OF FACADE WALLS FROM THE
ASPECT OF THERMAL TRANSMISSION

Thermal transmission or U-value is the basic
parameter adopted for comparison of thermal characte-
ristics of facade walls. This parameter presents the
amount of heat that passes through a construction
section, between the inerior and exterior themperature
condition, for a unit of surface and temperature. The unit
of measurment is W/m?K. U-value is also called the
overall heat transfer coefficient. According to [2], the
formula for calculating the U-value is the following:

U = 1/Rr [W/mZ]

gde je:

Rt — suma otpora prolaza toplote.

Vrednost U ocenjuje energetsku efikasnost materi-
jala kombinovanih u jednoj konstruktivhoj komponenti ili
sekciji. Sto je vrednost parametra manja, redenje je bolje
u smislu toplotne izolacije i uStede energije. Ukupna
toplotna otpornost i toplotni prenos se koriste u oceni i
medusobnom poredenju gradevinskih konstruktivnih
reSenja. Takode se koriste u razli¢itim gradevinskim
normama Sirom sveta kako bi se uspostavili prihvatljivi
standardi termickih karakteristika kako novih tako i
postojecih objekata. U tabeli 1 (prema [3]), prikazane su
standardima postavljene maksimalne vrednosti toplotnog
prenosa za pojedine drzave unutar i izvan Evropske unije.

where the following is:

Ry - thermal resistance.

U-value assesses the energy efficiency of materials
combined in a single construction component or section.
The lower the parameter, the better the solution in terms
of thermal insulation and energy saving.Overall thermal
resistance and thermal transmission are used when
assessing and comparing construction solutions in civil
engineering. They are also used in diferent building con-
struction norms worldwide, in order to set acceptable stan-
dards for thermal characteritics of both new and existing
construction facilities. Table 1 (compare [3]) shows stan-
dardized maximum values of thermal transmission for
certain countries in and out of the European Union.

Tabela 1. Maksimalne dozvoljene vrednosti za U-vrednost u okviru pojedinih drzava
Table 1. Maximum allowed values for U-value in certain countries

< Grad U [W/mZK]
Drzava (Country) ) - - —
(City) Zid (Wall) Krov (Roof) Tavanica (Ceiling)

Bosna i Hercegovina :

(Bosnia and ngrzegowina) Sarajevo 0.80 0.55 0.65
Bugarska (Bulgaria) Sofia 0.50 0.30 0.50
Hrvatska (Croatia) Zagreb 0.90 0.65 0.75
Francuska (France) Paris 0.36 0.20 0.27
Madarska (Hungary) Budapest 0.45 0.25 0.50
Makedonija (Macedonia) Skopje 0.90 0.65 0.75
Rumunija (Romania) Bucharest 0.70 0.33 0.60
Slovenija (Slovenia ) Ljubljana 0.60 0.25 0.45
Srbija (Serbia) Novi Sad 0.90 0.65 0.75

2.1 Analiza pojednih tipova fasadnih zidova

Izbor tipova fasadnih zidova usvojenih u okviru
analize izvrSen je na osnovu observacije trziSnih uslova.
Ispitivanje trziSta sa aspekta varijantnih reSenja nije
izvrSeno samo u cilju odredivanja tipova fasadnih zidova
koji su trenutno u najSiroj upotrebi u slu¢aju izgradnje
novih objekata ve¢ su uzeta u obzir i reSenja koja su
karakteristicna za stare objekte pa i za objekte koji ne
ispunjavaju standarde gradenja. Analizirane su sledecée
varijante tj. tipovi fasadnih zidova:

2.1 Analysis of certain types of facade walls

The choice facade wall types accepted within the
analysis was made according to observation of market
conditions. The market analysis from the aspect of
variant solutions was not only carried out with the aim of
determining what types of facade walls are most com-
monly used when building construction facilities. It also
took into consideration solutions which are typical of older
construction facilities as well as those that do not meet
construction standards. The following variants, i.e. types
of facade walls were analyzed:
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ysendvic” zid,
LPorotherm” zid,
»YTONG" zid,
zid od pune opeke d=25cm,
zid od pune opeke d=25cm sa ekspandiranim
penopolistirolom (tzv. EPS),
6. zid od giter bloka d=25cm,

agrwNE

1. “sandwich” wall

2. ” Porotherm” wall

3. “YTONG” wall

4. full brick wall (25cm thick)

5. full brick with expanded polystyrene foam (the so
called EPS) wall (25cm thick)

6. hollow clay block wall (25cm thick)

7. zid od giter bloka d=25cm sa EPS i

8. zid od giter bloka d=25cm sa EPS plus 8cm.
U okviru tabele 2 prikazani su svi slojevi svih osam
analiziranih varijanti fasadnih zidova pri ¢emu su podaci
o termic¢kim karakteristikama istih dobijeni iz literature
razli¢itih proizvodaca materijala [4], [5], [6], [7]-

Tabela 2. Prikaz slojeva analiziranih fasadnih zidova
Table 2. Overview of layers of the analyzed facade walls

7. hollow clay block with EPS wall (25cm thick) and
8. hollow clay block wall EPS plus 8cm wall (25cm

thick).

Table 2 shows all layers of eight analyzed variants
of facade walls, where the data on their thermal
characteristics come from specifications of different
material producers [4], [5], [6], [7]-

Vrsta zida (Type of wall) Sloj (Layer) d [cm] A [W/mK] U [W/m3K]
Klinker opeka oSupljena
L Sendvi sid (Klinker hollow brick) 12 0.790
) . Plo¢e od proSivene trske
(Sandwich wall) (Woven cane panels) 5 43.5 0.046 0.550
Puna opeka 1600 (Full brick 1600) 25 0.640
GrundPutz Leicht 1.5 0.810
EdelPutz 0.3 0.810
UniversalGrund 0.3 0.810
2. Porotherm zid PutzSpachtel 0.4 0.810
44, 0.296
(Porotherm wall) ThermoExtra 4 5 0.090
Porotherm 38 S P+E PLUS 38 0.139
GrundPutz Leicht 1.5 0.810
SilikatPutz 0.2 0.700
UniversalGrund 0.3 0.810
3. YTONG zid HaftMortel 0.5 0.810
37.5 0.235
(YTONG wall) Glasswool FDP 2 5 0.035
YTONG TZB 30 30 0.114
GrundPutz Leicht 1.5 0.810
Produzni kre¢ni malter
4. tljegrr;%;%?:gjzez (Lime mortar render) 2 0.870
(Full brick without thermal Puna ?p_eka }6_00 (Full brick 1600) 25 29 0.640 1.649
insulation) Pr_oduznl kre¢ni malter 5 0.870
(Lime mortar render)
EdelPutz Special 0.2 0.700
KlebeSpachtel 0.3 0.810
5. IT:urlllaboptle(kil EPESPS EPS AF 5 325 0.038 0.525
(Full bric ) Puna opeka 1600 (Full brick 1600) 25 0.640
Pr_oduznl kre¢ni malter 5 0.870
(Lime mortar render)
Produzni kre¢ni malter 5 0.640
6. Giter blok bez termoizolacije | (Lime mortar render) :
(Hollow clay block without Giter blok 25 29 0.390 1.167
thermal insulation) Produzni kre¢ni malter
. 2 0.640
(Lime mortar render)
EdelPutz Special 0.2 0.700
KlebeSpachtel 0.3 0.810
7. Giter blok + EPS EPS AF 5 0.038
(Hollow clay block + EPS) Giter blok 25 325 0.390 0464
Pr_oduznl kre¢ni malter 5 0.640
(Lime mortar render)
EdelPutz Special 0.2 0.700
. .81
8. Giter blok + EPS Plus ElsbeASIfiThtel 083 gggg
(Hollow clay block + EPS ] S us 35.5 : 0.299
Plus) Giter blok 25 0.390
Pr_oduznl kre¢ni malter 5 0.640
(Lime mortar render)
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3 POSTUPAK ANALIZE

Proces utvrdivanja optimalne varijante fasadnog zida
izvrSen je kroz sledece aktivnosti:

- analiza posmatranog objekta za Cdije potrebe
izgradnje je neophodno utvrditi optimalno reSenje,

- precizna procena gubitaka toplotne energije i
troSkova nastalih usled istih za posmatrani objekat i

- analiza i utvrdivanje troSkova izgradnje
posmatranih varijanti fasadnih zidova.

3.1 Opis analiziranog objekta

Za prikaz predloZzene analize usvojen je objekat koji
se nalazi u Novom Sadu i spratnosti je Po+P+1+M+Potk
dok su gabariti objekta 21.00 x 14.39 + 9,87 x 8.90 m. U
pogledu namene, objekat je stambeno-poslovan. Na
spratovima, mansardi i potkrovlju smeSteni su iskljucivo
stanovi. Podrum je predviden samo ispod dvoriSnog dela
objekta i sadrzi stanarske ostave i toplotnu podstanicu.

Stanovi su u funkcionalnom smislu tako koncipirani
da su prostorije za dnevni boravak predvidene na
zapadnoj strani dok su prostorije za odmor i spavanje sa
kupatilom predvidene na isto€noj strani.

Predvideni konstruktivni sistem za analizirani objekta
jeste masivni sistem sa meduspratnom konstrukcijom
tipa ,Fert”. Zidani elementi ukruc¢eni su AB serklazima u
skladu sa vaze¢im pravilnikom za zidane konstrukcije.
Planirani krovni pokriva¢ je falcovani crep.

S obzirom da je cilj analize izbor optimalne
kombinacije slojeva fasadnog zida, izvrSene su
odredene korekcije analiziranog objekta kako bi se
ubrzao rad u navedenom softveru. Kako analizirane
kombinacije fasadnih zidova ne postoje u suterenu isti
nije razmatran u analizi. Takode, na zapadnoj i isto&noj
strani drugog sprata objekta mansarda je zamenjena
fasadnim zidom kako bi se povecale analizirane
povrSine. Svi ostali podaci i detalji su uneti i modelovani
identi¢no ili najpribliznije moguce u skladu sa projektnom
dokumentacijom.

Stambena povrSina objekta iznosi 836.96 m?, dok je
vrednost zapremine 2642.64m°. Povrsina fasada objekta
je 814.38 m? dok povrSina svih otvora zajedno iznosi
152.78 m% S obzirom na prethodno izneto u ukupna
povrsina fasadnih zidova objekta iznosi 661.60 m?.

Prikaz objekta u okviru prozora za modelovanje
koriS¢éenog softvera dat je na slici 1.

Tokom eksploatacije zagrevanje objekta vrSiée se
putem gasa. U suterenu je predvidena izgradnja
podstanice koja ¢e sem zagrevanja prostorija sluziti i za
zagrevanje vode.

3 THE ANALYSIS PROCESS

The process of determining the optimal type of
facade wall was completed through the following
activities:

- analysis of the observed construction facility
whose building requires an optimal solution

- precise estimation of thermal energy losses and
their consequential losses

- analysis and identification of construction costs for
the observed types of facade walls.

3.1 Description of the analyzed construction facility

Suggested analysis comprised a construction faclility
located in Novi Sad,with the following number of floors:
Basement + Groundfloor + 1st floor + garret + loft. The
gabarit of the facility is 21.00 x 14.39 + 9,87 x 8.90m.
Regarding its purpose, it is a business — residential
facility. Floors, garret and loft only contain flats. The
basement is planned only under the yard of the facility,
and contains residents’ storage rooms and heat substatin.

In the functional sense, the flats are planned in the
way that living rooms face west, whereas the relaxation
rooms and bedrooms with bathrooms face east.

The planned construction system for the analyzed
facility is the massive system with interfloor construction
of "Fert” type. Masonry elements are reinforced with AB
wall corners, according to the official regulations on
masonry constructions. The planned roof covering is
Roman roof tile.

Since the aim of the analysis is the choice of the
optimal combination of facade wall layers, certain
corrections of the analized construction facility were
done, in order to perform work in the mentioned software
faster. Considering the fact that there are no facade
walls in the basement, it was not included in the
analysis. In addition, on the east and west side on the
2nd floor of the facility, the garret was substituted by a
facade wall, in order to increase the area of the analized
surface. The rest of the data and details were entered
and modeled identically or as close as possible
according to the project documentation.

Residential area of the construction facility
amounts to 836.96m’, whereas the value of its volume
amounts to 2642.64m°. The facade area is 814.38m”
and the total area of all doors and windows is 152.78m>.
According to this, the total area of facade walls amounts
to 661.60m”.

The overview of the construction facility in the
modeling window of the used software is given in picture 1.

While it is being used, the facility will have gas
heating. A substation is planned to be built in the
basement. Apart from heating the rooms, it will also be
used to heat water.
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Slika 1. Prikaz analiziranog objekta u okviru prozora za modelovanje softvera DesignBuilder
Figure 1. Overview of the enalyzed facility in the modeling window of Design Builder software

3.2 Proracun toplotnih gubitaka i troSkova istih

U okviru koriS¢enog softverskog paketa analizirani su
utroSci elektriéne energije i gasa pri ¢emu su u okviru
analize gubitaka gasa usvojeni isklju¢ivo gubici nastali
kroz fasadne zidove s obzirom da je moguce izdvojiti
gubitke nastale kroz razli¢ite fasadne elemente.

Kako softver pruza mogucnost detaljne analize svih
definisanih tipova energenata, npr. gasa i elektricne
energije, u zavisnosti od izvora gubitaka, tokom analize
je bilo neophodno utvrditi gubitke toplotne energije
nastale isklju¢ivo kroz povrSine fasadnih zidova.

S druge strane, u cilju utvrdivanja finansijskih
troSkova nastalih usled gubitaka toplotne energije, gubici
iste u okviru softvera povezani su sa koli¢inama gubitaka
gasa kao energenta.

Nakon definisanja karakteristika varijantnih reSenja
usvojene su vrednosti troSkova energenata. Prilikom
analize troSkova gubitaka toplotne energije usvojeno je
da je cena 1m® gasa iznosi 0,40€. S obzirom da su
gubici energije u okviru rada prikazani u kwh potrebno je
napomenuti da 1m* gasa obezbeduje 9,5kWh energije.

Utvrdene vrednosti gubitaka toplotne energije za
razliite tipove analiziranih varijanti fasadnih zidova
prikazane su u okviru tabele 3. Slika 2, s druge strane,
prikazuje koli¢ine izgubljenog gasa. Prikazani gubici za
period od godinu dana odnose se samo na gubitke
toplotne energije kroz povrSine fasadnih zidova bez
uzimanja u obzir veli¢ine infiltracije koja takode, svojim
manjim delom, zavisi od vrsta slojeva fasadnog zida.

3.2 Calculation of thermal losses and their costs

Within the used software package, the
consumption of electricity and gas were analized, where
the analysis of gas losses only considered those
occuring through facade walls, since it is possible to
identify losses occuring through different facade
elements.

Since the software provides the possibility of
detailed analysis of all defined types of energy-
generating products, such as gas and electricity,
depending on the source of loss, it was necesary to
determine thermal energy losses ocurring only through
facade wall surfaces.

On the other hand, with the aim of determining
financial expenses resulting from thermal energy losses,
these losses were linked with the quantity of gas losses
within the software.

Having defined the characteristics of variant
solutions, the values of energy-generating products were
adopted. While analyzing the expenses of thermal
energy losses, it was agreed that the price of 1m® of gas
amounts to 0.40 €. Since the energy losses within the
paper are expressed in kWh, it must be noted that 1 m®
of gas provides 9.5 kWh of energy.

Determined values of thermal energy losses for
various types of analyzed variants of facade walls are
shown in table 3. Picture 2, on the other hand, shows
amounts of lost gas. Presented losses for the period of
one year only relate to losses of thermal energy through
surfaces of facade walls, regardless of the amount of
filtration which also, in its smaller segment, depends on
the type of facade wall.
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Tabela 3. Gubici toplotne energije kroz povrSine fasadnih zidova
Table 3. Losses of thermal energy through surfaces of facade walls

Vrsta zida Gubici zida za 1 godinu
(Type of wall) wlcm] U[W/m?K] (Losses during 1 year)
yp [KWh] €]
1. (Sendvic zid) 43,5 0,550 -17.075,83 718,98
Sandwich wall
2. Porotherm 445 0,296 -9.791,61 412,28
3. YTONG 37,5 0,235 -7.927,68 333,80
Puna opeka
4. (Full brick) 29,0 1,649 -43.884,70 1.847,78
Puna opeka + EPS
5. (Full brick + EPS) 32,5 0,525 -16.537.62 696,32
6. Giter blok (Hollow clay block) 29,0 1,167 -33.029,64 1.390,72
Giter blok + EPS
7. (Hollow clay block + EPS) 32,5 0,464 -14.777,61 622,22
Giter blok + EPS Plus 8cm
8. Hollow clay block + EPS Plus 8cm 35,5 0.299 -9.858,74 41510
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Slika 2. Uporedni dijagram gubitaka gasa prema tipu fasadnog zida
Figure 2. Comparative diagram of gas losses according to facade wal typel

3.3 Proracun troSkova izgradnje fasadnih zidova

TroSkovi izgradnje fasadnih zidova odredeni su na
osnovu trziSne vrednosti materijala i radne snage uz
napomenu da su u cenu zida uracunati svi slojevi
predstavljeni u tabeli 2.

Prikaz postupka odredivanja troSkova izrade
fasadnog zida bi¢e prikazan kroz primer ,Porotherm”
fasadnog zida (varijanta 2).

3.3 Calculation of facade walls construction

Costs of facade walls construction are determined
according to the market value of materials and labour
force, keeping in mind that the price comprises all the
layers presented in table 2.

The process of determining the costs of facade wall
construction will be exemplified by "Porotherm” facade
wall (variant 2).
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U okviru tabele 4 prikazani su troSkovi izrade zida od
LPorotherm” blokova dimenzija 38x25x23,8cm pri ¢emu
je izrada spojnica izvrSena uz upotrebu termo-maltera.

Tabela 4. TroSkovi radne snage

Table 4 shows the costs of constructing the wall
made of 38x25x23,8cm "Porotherm” blocks, with the
joints made by using thermo-mortar.

i materijala za 1m° zida tipa Porotherm

Table 4. Costs of labour force and material for 1m® of Porotherm type wall

Obi . Gruparadnika NE Blok Malter
piS operaciye (Group of (Block) (Mortar
(Description of action) workers) (Nh) [num] ) M3
L . PK (PQ) 0,800
Zidanje (Building) KV @) 2.100
Prenos blokova (Transport of blocks) NK (LQ) 0.531
42 0,18
Prenos maltera (Transport of mortar) NK (LQ) 0.168
Spravljanje maltera (Mixing mortar) NK (LQ) 0.864
Cena (Price) [€] 7,28 45,00 65,10

Kako cene materijala i radne snage nemaju isto
uc¢eSée u ukupnoj ceni, ista se formira prema slede¢em
izrazu [8]:

Since the costs of material and labour force do not
participate equally in the total price, it is then formed
according to the following formula [8]:

C =M+ R(K+1)

gde je:

C — ukupna cena za im? gotovog zida

M — cena materijala za im?® gotovog zida

R — cena radne snage za im? gotovog zida

K — koeficijent rezije i dobiti (usvojeno K=3)

S obzirom na prethodno ukupna cena 1m?® zida
iznosi:

C=110,10 +

Na isti naéin odreduju se cena masinskog
malterisanja zida sa unutrasnje strane (tabela 5).

where the following are:

C - total price for 1m® of finished wall

M — the price of material for 1m® of finished wall

R — the price of labour force 1m® of finished wall

K — coefficient of overhead and profit (agreed K=3)

Considering all this, the total price of im®  of wall
amounts to:

7,28(3+1) = 139,20€

In the same way, it is possible to determine the price
of machine plastering from the inside (Table 5).

Tabela 5. TroSkovi radne snage i materijala za 1m? masinskog malterisanja

Table 5. Costs of labour force an

d material for 1m? of machine plastering

Opis operacije Gruparadnika NE Malter
(Description of action) (Group of (Nh) BT
p workers) [kg]
Malterisanje (Plastering) Q 0,60
18
Prenos maltera (Transport of mortar) LQ 0,04
Cena (Price) [€] 1,25 4,14
Ukupna cena (Total price) [€] 9,13

Struktura cene postavijanja termiozolacije i izrade
zavrsnih fasadnih slojeva prema uputstvima proizvodaca
~Baumit* prikazana je u okviru tabele 6.

S obzirom da je za potrebe analize neophodno
odrediti cene fasadnih zidova po 1m? cena izrade
Porotherm* zida dobijena za 1m?, iznosi 52,90 € za 1m?
istog. Sledi da ukupna cena fasadnog zida tipa
LPorotherm* iznosi:

The structure of installation of thermal insulation and
realization of final facade layer according to the
instructions of the producer ” Baumit” is given in table 6.

Since it is required by the analysis to determine the
price of facade walls per im? | the price of construction
of “"Porotherm” wall calculated per im®  amounts to
52.90 € per 1m® of the same wall. Hence, the total price
of the facade wall of "Porotherm” type is:

MATERIJALI | KONSTRUKCIJE 53 (2010) 1 (3-13)



52,90 + 9,13 + 33,05 = 95,07 €/m’

Tabela 6. TroSkovi radne snage i materijala za 1m? ,Baumit* termo-fasade
Table 6. Costs of labour force and material for 1m? of ,Baumit* thermo-facade

. y Materijal Rad
Opis operacije :
> : Material | Labour
Description of action
(Descrip ’ [€] [€]
Masinsko nanoSenje Baumit ThermoExtra maltera
(Machine application of Baumit ThermoExtra mortar)
16,06 4,24
Izrada Baumit EdelPutz fasade
(Realization of Baumit EdelPutz facade)
Ukupna cena (Total price) 33,05

U skladu sa prethodno iznetim postupkom
odredivanja cena definisani su troSkovi za sve
analizirane varijante fasadnih zidova i isti su prikazani u
okviru tabele 7. Prikazani ukupni troSkovi u tabeli 7
predstavljaju ujedno i inicijalne troSkove za posmatrani
period od 30 godina.

According to the previously presented method of
determining the price, the costs of all analyzed variants
of facade walls were defined and shown in table 7. Total
costs given in Table 7 at the same time present initial
costs for the observed period of 30 years.

Tabela 7. TroSkovi izrade fasadnih zidova
Table 7. Costs of facade walls construction

. Ukupna cena
Cena (Price) [€/m?] fasadnih zidova
Vrsta zida W [cm] U za ceo objekat
(Type of wall) [WIm?K] | Materijal Rad Ukupno (Total cost of
(Materia) | (Labour) | (Total) | facade walls for
the whole facility)
1. (Sendvi¢ zid)
Sandwich wall 43,5 0,550 €3511 | €50,70 | €8581 €56.772,46
2. Porotherm 445 0,296 €62,05 | €33,03 | €9507 €62.901,55
3. YTONG 37,5 0,235 €3540 | £2886 | €64,26 € 42.517,24
4. Puna opeka 29,0 1,649 | €1929 | €3582 | €£5511 € 36.463,02
(Full brick)
5. Puna opeka + EPS
(Full brick + EPS) 32,5 0,525 €2567 | €42,78 | €68,45 € 45.284,96
6. Sl'ct)‘;rk)b'o" (Hollow clay 290 | 1,167 | €1833 | €31,68 | €50,01 € 33.086,98
7. Giter blok + EPS
(Hollow clay block + EPS) 32,5 0,464 €2471 | £3864 | €63,34 € 41.908,93
8. Giter blok + EPS Plus 8cm
Hollow clay block + EPS 35,5 0,299 €27,07 | €3864 | €65,70 € 43.470,32
Plus 8cm

4 ANALIZA DOBIJENIH REZULTATA

S obzirom da su definisani inicijalni troskovi, tj.
ukupni troSkovi izrade zidova kao i troSkovi nastali usled
gubitaka toplotne energije za period od godinu dana
obezbedeni su uslovi za poredenje varijantnnih reSenja.

Poredenje inicijalnih troSkova izgradnje zidova,
prikazanih u okviru tabele 8, uz dodavanje troSkova
nastalih usled gubitaka toplotne energije kroz vreme, u
periodu od 30 godina, prikazano je u okviru tabele 8.

4 RESULT ANALYSIS

Having defined initial costs, i.e. total costs of wall
construction as well as expenses resulting from thermal
energy losses for the period of one year, the conditions
for comparison of variant solutions were satisfied.

Comparison of initial costs of walls construction,
shown in table 8, with the addition of expenses caused
by the loss of thermal energy over time, during the
period of 30 years, is shown in table 8.
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Tabela 8. Promena troSkova u periodu od 30 godina
Table 8. Change of costs during the period of 30 years

Ukupna
e Porast troSkova usled gubitaka toplotne energije za posmatrani period [god]
fasadnih . )
Rl 2 (Costs increase due to thermal energy losse for the observed period [years])
Vrsta zida ceo objekat
(Type of wall) (Total price
of facade
walls for 1 3 5 10 15 20 30
the whole
facility)
Sendvic zid €56,772.46 |€57,491.44] € 58,929.41| € 60,367.37| € 63,962.28| € 67,557.19| € 71,152.10| € 78,341.93
(Sandwich wall) T T e U A U U U
Porotherm zid
(Porotherm wall) €62,901.55 |€63,313.82| €64,138.38| € 64,962.94| € 67,024.33| € 69,085.72] € 71,147.12| € 75,269.90
YTONG zid
(YTONG wall) €42,517.24 | €42,851.03| € 43,518.63] € 44,186.22| € 45,855.21| € 47,524.19 € 49,193.18| € 52,531.15|
Puna opeka €36,463.02 1 42 45,701 4
(Full brick) ,463. € 38,310.80| € 42,006.35| € 45,701.90| € 54,940.79| € 64,179.67| € 73,418.56| € 91,896.32
Puna opeka +EPS €45,284.96 | €45,981.28| € 47,373.92] € 48,766.57| € 52,248.17| € 55,729.77| € 59,211.38| € 66,174.59|
(Full brick + EPS)
Giter blok
(Hollow clay block) €33,086.98 | €34,477.71] € 37,259.15 € 40,040.59| € 46,994.20| € 53,947.81] € 60,901.42| € 74,808.64
Giter blok + EPS
(Hollow clay block + €41,908.93 | €42,531.14] € 43,775.57| € 45,020.00| € 48,131.08| € 51,242.15 € 54,353.23| € 60,575.38
EPS)
Giter blok + EPS Plus
(Hollow clay block + €43,470.32 | €43,885.42| € 44,715.63| € 45,545.84 € 47,621.36| € 49,696.89 € 51,772.41 € 55,923.46
EPS Plus)

Na osnovu prikazane tabele lako je uoditi isplativost
pojedinih reSenja. U okviru analize porasta troSkova nije
analiziran kvalitet ponudenih reSenja . troSkovi
eventualnog odrzavanja prikazanih tipova fasadnih
zidova. Kako bi se lakSe sagledali odnosi kao i dinamika
promene troSkova, formiran je uporedni dijagram
prikazan na slici 3.

Sa dijagrama je lako uodljivo da se kao optimalno
reSenje namec¢e varijanta pod rednim brojem 3,
kombinacija zida ,YTONG" i termoizolacije od mineralne
vune debljine 5cm, koja postaje najisplativija varijanta
vec posle 9 godina eksploatacije.

Poreded¢i dve najisplativije varijante, varijantu 3 i vari-
jantu 8, moguce je uoditi da je razlika u porastu troSkova
mala i na kraju posmatranog perioda iznosi svega 6%.

Takode, potrebno je sagledati odnose troSkova
Lsendvi¢” zida i zida od pune opeke bez termo-izolacije.
ReSenje sa ,sendvi¢* zidom postaje isplativo posle 18
godina u odnosu na varijantu 4 Sto je posledica velikih
troSkova izrade sloja od fasadne opeke usled visoke
cene fasadne opeke i visoke cene manualnog rada.

Ukoliko posmatramo odnos varijante 5 i varijante 7,
koje su danas medu najzastupljenijim na nasSem trzistu,
dolazi se do zaklju¢ka da je opcija giter bloka i termo-
izolacije tipa EPS debljine 5cm isplativija ali se odnos
troSkova gubitaka toplotne energije kroz vreme neznatno
menja Sto sugeriSe na veoma male razlike u termickim
karakteristikama.

Varijanta 4 (zid od pune opeke, d=25cm) analizirana
je, iako ne ispunjava vazeée propise, iz razloga velikog
broja objekata koji nisu dovrSeni a suprotno propisima su
u upotrebi. 1z prikazanih slika 2 i 3 mogu se sagledati
potencijalne razmere finansijskih gubitaka i gubitaka
energije na nivou drZave.

According to the given table, the cost- effectiveness
of certain solutions is easily noticable. The analysis of
costs increase did not include the analysis of quality of
suggested solutions, i.e. the costs of possible
maintenance of presented types of facade walls. In order
to easily percieve the relations as well as dynamics of
costs changes, a comparative diagram shown in picture
3 was formed.

Based on the diagram, it can easily be seen that type
number 3 imposes as the optimal solution. The
combination of "YTONG” wall type and thermo-
insulation of 5cm mineral wool, becomes cost — effective
only after 9 years of exploitation.

Comparing two most cost —effective types, type 3
and type 8, it is possible to notice that the difference in
costs increase is very small, reaching only 6% at the end
of the observed period.

Furthermore, it is necessary to consider the relation
between costs of "sandwich” wall and the wall made of
full brick without thermal insulation. The solution with
"sandwich” wall becomes cost — effective after 18 years,
compared to type 4, which is a consequence of high
costs of realization of a facade brick layer, due to high
prices of facade bricks and costs of manual work.

If we consider the relation between type 5 and type
7, which are among the most frequent ones on our
market, a conclusion can be drawn that the option of
hollow clay block and thermal insulation of EPS type of
5cm is cost- effective, but the proportion of thermal
energy losses over time changes insignificantly, which
suggests very small differences in  thermal
characteristics.

Type 4 (full brick wall, W = 25cm) is analyzed,
although it does not comply with official regulations, for
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Slika 3. Uporedni dijagram troSkova izgradnje i eksploatacije fasadnih zidova kroz vreme
Figure 3. Comparative diagram of the costs of construction and exploitation of facade walls over time

Ukoliko  posmatramo  isplativost  postavljanja
termoizolacije tipa EPS debljine 5cm u odnosu na
neizolovan ali omalterisan zid od opeke, d=25cm,
reSenje sa izolacijom postaje isplativo nakon nesto vise
od 7,5 godina.

Ukoliko uporedimo troSkove fasadnog zida od giter
bloka bez termoizolacije i sa termoizolacijom, varijanta
sa EPS izolacijom debljine 5cm postaje isplativa za 11,5
godina dok opcija sa 8cm izolacije postaje isplativa za
10,5 godina.

5 ZAKLJUCAK

Primenom programskog paketa DesignBuilder
v2.0.5.013. omogucena je potpuna analiza objekata sa
aspekta energetske efikasnosti. Na taj nacin pruZena je
moguénost za variranje i ocenu razli¢itih tehni¢kih
reSenja u procesu izrade projektne dokumentacije koja
imaju uticaj na termicke karakteristike objekta.

U okviru rada prikazana je analiza razli¢itih tipova
fasadnih zidova, dostupnih na trZistu, sa aspekta trosko-
va izrade i troSkova nastalih usled gubitaka toplotne
energije.

the reason of a large number of unfinished facilities
which are being used, despite the existing regulations.
From pictures 2 and 3, potential proportion of financial
and energy losses at the national level can be estimated.

If we regard cost efficiency of thermal insulation of
EPS type of 5cm compared to a non-insulated, but
plastered full brick wall of 25cm, the solution with
thermal insulation becomes cost -effective shortly after
7.5 years.

If the costs of hollow clay block wall with and without
thermal insulation are compared, the option with EPS
insulation of 5cm becomes cost- effective in 11.5 years,
whereas the option with 8mm insulation becomes cost —
effective in 10.5 years.

5 CONCLUSION

By applying Design Builder v2.0.5.013. software
package, it is possible to carry out complete analysis of
construction facilities from the aspect of energy
efficiency. In this way, the possibility to alter and asses
various technical solutions which influence thermal
characteristics of facilities was prolonged during the
process of making project documentation.

This paper provides the analysis of various types of
facade walls, available on the market, from the aspect of
frealization costs, as well as expenses resulting from
thermal energy losses.
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Zaklju¢ak je da se primenom novijih tipova
termoizolacija i proizvoda namenjenih za izradu zidova,
gubici viSestruko umanjuju. Takode pojedina reSenja, u
odnosu na neizolovane fasadne zidove, postaju isplativa
za manje od 10 godina.

Medu osam analiziranih varijanti fasadnih zidova,
kao optimalno reSenje namece se kombinacija zida tipa
.YTONG" sa termoizolacijom od mineralne vune debljine
5cm.

Potrebno je napomenuti da analizom nije obuhvacéen
uticaj degradacije materijala na gubitke u buduéem
periodu kao ni dodatni gubici koji bi eventualno prosledili
usled pojave kondenzacije.

U narednim istraZivanjima bilo bi opravdano ponoviti
analizu uz projekciju poveéanja troSkova energenata i
manualnog rada s obzirom na tendencije na trziStu pri
¢emu bi bile uzete u obzir projekcije stanja materijala za
posmatrani period.

ZAHVALNOST

Rad je nastao kao rezultat projekta 16018 “Razvoj
modela za odrzavanje i intervencije na gradevinskim
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Izbor optimalne fasadne konstrukcije postao je
nezaobilazan proces prilikom projektovanja savremenih
stambenih i poslovnih objekata. Kako je izbor fasadnih
sistema u velikoj meri proSiren u odnosu na blizu
proslost neophodno je kriticki pristupiti oceni varijantnih
reSenja. Proces ocene znacéajno je olakSan primenom
specijalnih softverskih paketa. U okviru rada prikazan je
primer analize pojedinih reSenja fasadnih zidova sa
finansijskog aspekta i aspekta gubitaka toplotne energije
uz upotrebu softverskog paketa DesignBuilder
v2.0.5.013.

Kljuéne reéi: termic¢ke karakteristike, fasadni zidovi,
troSkovi, izbor

It was concluded that application of newer types of
thermal insulation and products intended for wall
construction reduce the losses several times. In addition,
certain solutions, compared to non-insulated facade
walls, become cost — effective in less than 10 years.

Among eight analyzed types of facade walls, the
combination of "YTONG” wall and mineral wool thermal
insulation of 5 cm imposes as the optimal solution.

It is necessary to mention that the analysis did not
comprise the influence of material degradation on the
losses in the future, as well as additional losses which
would possibly result from the process of condensation.

In the future research projects, it would be justified to
repeat the analysis, with the projection of increased
costs of energy-generating products and manual work,
according to market tendencies, taking into
consideration projections of material conditions over the
observed period of time.

objektima i putevima® koji se realizuje pod
pokroviteljstvom Ministarstva za nauku i tehnoloSki
razvoj Republike Srbije.

[5] YTONG, Katalog proizvoda, 2009.

[6] Austrotherm, Katalog 2009, www.austrotherm.com,
20009.

[71 Baumit, Tehni¢ka informacija, www.baumit.hr,
20009.

[8] Trivuni¢, M., Matijevi¢, Z.: Tehnologija i organiza-
cija gradenja — Praktikum, FTN, Novi Sad, 2004

SUMMARY

CHOOSING AN OPTIMAL TYPE OF FACADE WALL
USING "DESIGNBUILDER” SOFTWARE PACKAGE

Daniel MOHACI
Vladimir MUCENSKI
Milan TRIVUNIC
Igor PESKO

The choice of optimal facade construction has
become an inevitable process when planning
contemporary business and residential facilities. Since
the choice of facade systems has considerably grown
wider compared to recent past, it is necessary to take a
critical approach to assessment of variant solutions. The
assessment process is significantly facilitated by
applying special software packages. The paper presents
one example of the analysis of certain solutions of
facade walls, from the aspect of both financial and
thermal energy losses, by using DesignBuilder
v2.0.5.013.software package.

Key words: thermal characteristics, facede walls,
costs, choice
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VREMENSKI| ODGOVOR NESIMETRICNE ZGRADE U ZAVISNOSTI OD
DOMINANTNOG PRAVCA DJELOVANJA ZEMLJOTRESA

TIME HISTORY RESPONSE OF NON-SYMMETRIC BUILDING DUE TO DOMINANT
EARTHQUAKE DIRECTION

Ljljana ZUGIC
Stanko BRCIC

1 UVODNE NAPOMENE

Zgrade su jedna od osnovnih potreba ¢ovje€anstva.
One su najbrojnije i najkompleksnije gradevinske
konstrukcije koje se projektuju i grade u velikom broju
oblika. Osnovne konstruktivne komponente svake
zgrade su vertikalni noseci elementi i horizontalne ploce,
koje povezuju vertikalne elemente u jednu jedinstvenu
cijelinu. Realne zgrade su kontinualni trodimenzionalni
(3D) sistemi sa kompleksnom raspodijelom krutosti i
optere¢enja. Pri njihovom matemati¢kom modeliranju
usvaja se linearno elasticno ponaSanje koje dozvoljava
princip superpozicije, odnosno razdvajanje gravitacione i
horizontalne analize optereéenja. Gravitaciona analiza
opterecenja je "rutinski dio" u inZinjerskom projekto-
vanju, dok je horizontalna analiza opterec¢enja (npr.
usled zemljotresa, vjetra, udara od eksplozija itd.)
kompleksnija i Cesto dominantna u stabilnosti zgrada.

Pri analizi zgrada uobi¢ajeno je, s obzirom na
usvojene pretpostavke o beskonac¢no krutim tavanicama
i vertikalnim ravanskim elementima koji su kruti samo u
svojoj ravni, da se zgrada podijeli na ravanske vertikalne
elemente tako da se problem svodi na dvodimen-
zionalan (2D), [7]. Ovakav pristup daje precizne rezultate
samo u analizi gravitacionog optereéenja. U analizi
horizontalnog optere¢enja ovaj pristup je opravdan samo
za simetriCne zgrade, dok se nesimetricne zgrade
tretiraju kao trodimenzionalni (3D) sistemi.
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1 INTRODUCTION

Buildings are one of the basic human needs. They
are the most numerous and complex civil structures
which are designed and constructed in a great variety of
forms. Basic structural components of each building are
vertical supporting elements and horizontal plates, which
connect the vertical elements in one unique entity. Real
buildings are continuous three-dimensional (3D) systems
with the complex distribution of stiffness and loading.
Linear elastic behavior is assumed during their
mathematical modeling which permits the principle of
superposition, that is, separation of gravitational and
horizontal load analyses. Gravitational load analysis is a
"routine part" in structural engineering design, while the
horizontal load analysis (e.g. due to earthquake, wind,
explosion effects and so on) is more complex and it is
often dominant in the stability of buildings.

Regarding the adopted assumptions about the
infinitely rigid floor slabs and that the vertical planar
elements have stiffness only in their planes, it is usual,
during the building analysis, that the building is
separated into planar vertical elements so the problem is
reduced to two-dimensional (2D) analysis, [7]. Such
approach gives good results only in the analysis of the
gravitational load. In the analysis of the horizontal load
this principle is justified only for the symmetric buildings,
while non-symmetric buildings are treated like three-
dimensional systems (3D).
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Kada se kaze da je zgrada simetri¢na ili nesimetri¢éna
obi¢no se misli na njen geometrijski oblik osnove.
Medutim, sa stanoviSta mehani¢kog ponasSanja, pojmovi
simetrije odnosno nesimetrije imaju drugacije znacenje
nego samo oblik u osnovi i odnose se na uticaj
horizontalnih sila na zgrade. Da li je zgrada simetri¢na ili
nesimetriéna zavisi od medusobnog poloZaja centra
mase i centra krutosti svake tavanice. Ukoliko se centar
mase i centar krutosti svake tavanice poklapaju ili su
relativno blizu, zgrada je simetri€na i njen matematicki
model je dvodimenzionalan (sa po jednim stepenom
slobode za svaki sprat). U suprotnom sluéaju, zgrada je
nesimetriéna i njen matematicki model je trodimen-
zionalan (sa po tri stepena slobode za svaki sprat).
Nesimetri¢na zgrada, u smislu mehani¢kog ponasanja,
moZe imati i simetriéan oblik osnove, ali raspored
vertikalnih elemenata ili raspodijela masa moze da bude
takva da dovede do pojave uticaja torzije, odnosno do
nepoklapanja centra krutosti i centra mase svake
tavanice.

lako u literaturi postoji veliki broj radova u kojima je
obradeno matemati¢ko modeliranje zgrada usled uticaja
horizontalnog optereéenja, [1], [2], [7] | [8], izbor
odgovarajuceg matemati¢kog modela koji dovoljno ta¢no
simulira mehani¢ko ponaSanje zgrada pod uticajem
horizontalnog opterecenja je joS uvijek izazov za
istrazivace.

2 MATEMATICKI MODEL UTICAJA
HORIZONTALNIH SILA NA ZGRADE

2.1 Osnovne pretpostavke u diskretnoj analizi

Osnovne pretpostavke u diskretnoj analizi uticaja
horizontalnih sila na zgrade, pored uobicajenih
pretpostavki linearne teorije konstrukcija (stati¢ka,
geometrijska i materijalna linearnost), su: da se tavanice
tretiraju kao beskona¢no krute u svojim ravnima, da je
masa zgrade koncentrisana na pojedine tavanice, da su
aksijalne deformacije vertikalnih nosecéih elemenata
zanemarljive i da su vertikalni elementi ravanski
konstruktivni elementi, tj. oni primaju samo sile u svojoj
ravni. Pri ovakvim pretpostavkama svaka tavanica moze
da vrSi ravno kretanje u svojoj horizontalnoj ravni (dvije
translacije i jednu rotaciju), dok su vertikalni noseci
elementi unutrasnje veze koje ograni¢avaju moguénost
kretanja tavanica. Zbog toga se matematicki model
zgrade usvaja u obliku kona¢nog skupa krutih plo¢a koje
se mogu kretati u medusobno paralelnim horizontalnim
ravnima i Cije je kretanje ograni¢eno odgovarajuéim
elasti¢nim oprugama, koje predstavljaju uticaj vertikalnih
elemenata, slika 1.

Kako svaka tavanica raspolaze sa po tri stepena
slobode, pri ¢emu je sva masa sadrzana samo u
tavanicama, to se uticaj svih vertikalnih elemenata
sprata ispod posmatrane tavanice moze da prikaze sa tri
ekvivalentne opruge (dvije translacione u medusobno
ortogonalnim  horizontalnim  pravcima i jednom
rotacionom oko vertikalne ose rotacije, koja je upravna
na tavanice), koje su vezane u centru Kkrutosti
posmatrane tavanice. Opruge su nenapregnute kada je
tavanica u pocetnoj (ravnoteznoj) konfiguraciji koja
odgovara odsustvu horizontalnih sila.

When the building is labeled as symmetrical or non-
symmetrical it is usually related to its geometrical form in
plan. However, from the viewpoint of mechanical
behavior, concepts of symmetry or non-symmetry have
different meaning then just the shape in plan and they
refer to the effects of horizontal forces on buildings.
Weather the building is symmetrical or non-symmetrical
depends on the mutual positions of the center of mass
and the center of rigidity of each floor plate. If the center
of mass and the center of rigidity are coinciding or if they
are relatively close to each other, the building is
considered as symmetrical and its mathematical model
is two-dimensional (with one degree of freedom for each
story). In the contrary case, the building is non-sym-
metrical and its mathematical model is three-dimensional
(with three degrees of freedom for each story). Non-
symmetric building, in mechanical sense, may have
acceptably symmetrical form in plan, but the actual confi-
guration of its vertical elements and its mass distribution
may cause the appearance of torsion effects, that is,
may cause that the center of rigidity and the center of
mass of each story slab are well separated.

Although there is a large number of papers in
literature devoted to mathematical modeling of buildings
due to horizontal load effects, [1], [2], [7] and [8], choice
of adequate mathematical model which correctly enough
simulates mechanical behavior of buildings under the
horizontal load effects is still a challenge for researchers.

2 MATHEMATICAL MODEL OF EFFECTS OF
HORIZONTAL FORCES ON BUILDINGS

2.1 Basic assumptions in the discrete analysis

Basic assumptions in the discrete analysis of the
effects of horizontal forces on buildings, besides the
usual assumptions adopted in the linear theory of
structures (static, geometric and material linearity), are,
also, that story slabs are treated as infinitely rigid in their
planes, that the building mass is concentrated only over
each story slab, that axial deformations of vertical
supporting elements are neglected and that the vertical
elements are planar structural elements, that is, they
oppose only forces in their planes. Due to such
assumptions each story slab can perform the planar
motion as a rigid body in its horizontal plane (two
translations and one rotation), while vertical supporting
elements represent internal restraints which restrict the
possibility of story slab motions. That is why
mathematical model of the building is adopted in a form
of the finite set of rigid plates which can move in
mutually parallel horizontal planes and whose motion is
restricted by the corresponding elastic springs, which
present the influence of vertical elements, figure 1.

As each story slab has three degrees of freedom,
and all the mass is contained in floor slabs, the influence
of all vertical supporting elements of the story under the
observed story slab could be represented by the three
equivalent elastic springs (two translational in the
mutually orthogonal horizontal directions and one
rotational around the vertical axis, normal to story slab).
Three equivalent springs are connected to the slab in the
center of rigidity of the observed story slab. Springs are
unstressed when the story slab is in the initial (equilibrium)
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Slika 1. Matemati¢ki model nesimetri¢ne zgrade
Figure 1. Mathematical model of non-symmetric building

Krutosti ovih ekvivalentnin opruga kx ky i kj su
jednake sa odgovaraju¢im spratnim krutostima, pri ¢emu
spratna krutost translacije predstavlja horizontalnu silu u
nivou tavanice koja izaziva jedini¢no relativno pomeranje
posmatrane tavanice (u pravcu sile) u odnosu na
tavanicu ispod, dok spratna rotaciona krutost predstavlja
spreg koji izaziva jediniéno relativno okretanje
posmatrane tavanice (oko vertikalne ose) u odnosu na
tavanicu ispod.

Ovakav model je trodimenzionalan, tj. zgrada sa N
spratova raspolaze sa 3N stepeni slobode kretanja. Sa
stanoviSta mehani¢kog ponaSanja, ovakva zgrada je
nesimetriéna i kod nje se centri krutosti ne poklapaju sa
centrima mase svake tavanice.

2.2 Generalisane koordinate i opisivanje
pomjeranja

Na slici 2 prikazana je tavanica koja se slobodno
kreée u svojoj horizontalnoj ravni.

a)
Slika 2. Tavanica u pocetnoj (a) i proizvoljnoj (b) konfiguraciji
Figure 2. Storey slab in the initial (a) and arbitrary (b) configuration

Za opisivanje ravnog kretanja tavanice usvojeni su
referentni (globalni) koordinatni sistem Oxy i lokalni
koordinatni sistem S&n, kaji je usvojen u centru mase S
posmatrane tavanice. Oba sistema su u pocetnoj

configuration which corresponds to the absence of
horizontal forces.

Stiffnesses of the equivalent springs ky, ky and k; are
equal to the corresponding horizontal and rotational
story stiffnesses. The horizontal story stiffness of
translatory motion represents the horizontal force at the
level of story slab which causes the unit relative
horizontal motion of the observed story slab (in direction
of the force) with reference to the story slab below. Also,
rotational story stiffness represents the couple which
causes the unit relative rotation of the observed story
slab (about the vertical axis) with respect to the story
slab below.

This model is three-dimensional, that is the building
with N stories has 3N degrees of freedom. From the
viewpoint of mechanical behavior, such building is non-
symmetrical and its centers of rigidity are well separated
from the centers of mass of each story slab.

2.2 Generalized coordinates and description of
motion

The Figure 2 represents a story slab which freely
moves in its horizontal plane.

b)

For description of the planar motion of the story slab,
the reference coordinate system Oxy and the local
coordinate system S¢n are adopted. The local system is
positioned in the center of mass S of the observed story
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konfiguraciji medusobno paralelna, kao Sto je prikazano
na slici 2a. Pocetna konfiguracija odgovara odsustvu
horizontalnih sila, tako da su tri linearno elasticne
opruge, koje su za tavanicu vezane u centru krutosti K i
koje predstavljaju uticaj svih vertikalnih elemenata ispod
tavanice, nenapregnute u pocetnoj konfiguraciji. Krutosti
opruga, kao Sto je ranije napomenuto, jednake su
odgovaraju¢im  spratnim  krutostima  translacije u
pravcima x i y i rotacionoj spratnoj krutosti oko z ose,
dakle date su sa kx, Ky i k;.

Komponente u i v vektora pomjeranja referentne
tacke S, kao i ugao rotacije j (ugao izmedu osa x i §) su
izabrani za generalisane koordinate kojima se opisuje
ravno kretanje posmatrane tavanice. Referentna tacka S
usvojena je u centru mase posmatrane tavanice Sto je
uobicajeno u dinamickoj analizi uopSte, pa takode i u
dinami¢koj analizi uticaja horizontalnih sila na zgrade.

Vektor polozaja neke tacke P poslije malog
pomjeranja tavanice (slika 2b) moze da se prikaze kao:

ro_ix0_

r :ypg_lys"'vg g

pri ¢emu su uzete u obzir sledeée aproksimacije:

cosj »1 i SNj »j, imajuci u vidu da su
pomjeranja u i v i obrtanje plo¢ej male vrijednosti.

Vektor pomjeranja tacke P definisan je sa
' I

_ 0 . o
p = Ip - I, gdje je vektor Iy
P u pocetnoj konfiguraciji:

vektor poloZaja tacke

ro _1xU_1i

e =1 oy =1
TYe BE

1
Prema tome, vektor pomjeranja d,, tacke P glasi

b _Tupt_iud

de =i V=1
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2.3 Matrica krutosti vertikalnih elemenata

Matrica krutosti km nekog vertikalnog elementa ‘m’
(npr. okvira m) u odnosu na uticaje horizontalnih sila
odredena je kao linearna veza izmedu horizontalnih
pomjeranja u nivoima tavanica i odgovarajucih
horizontalnih sila i data je sledecom matrichom
jednaginom:

|Xs+uu él -]

slab and both systems are parallel in the initial
configuration, as it is shown in the Figure 2a. The initial
configuration corresponds to the absence of horizontal
forces, so the three linearly elastic springs, which are
connected to the story slab in the center of rigidity K and
represent the influence of all vertical supporting
elements Dbellow, are wunstressed in the initial
configuration. The spring stiffnesses, as it is previously
mentioned, are equal to the corresponding story stiffness
of the translatory motion in the horizontal directions x
and y and to rotational story stiffness around the vertical
axis z, so they are equal to ky, ky and k;..

Components u and v of the displacement vector of
the referent point S, as well as the angle of the rotation j
(angle between the axes x and &) are chosen for the
generalized coordinates by which the planar motion of
the observed story slab is described. Referent point S is
adopted at the center of mass of the story slab which is
customary in the dynamic analysis in general and also in
dynamic analysis of the effects of horizontal loads upon
buildings.

The displacement vector of some point P after the
small motion of the story slab (figure 2b) may be
presented as:

juix
ol M (1)
18 th

where the following approximations are taken into

account: COS| »1 and SN| »| | having in mind
that the motions u and v and plate rotation j are small
values.

Displacement vector of the point P is defined with

! r I To . .
dP =TI, - I, where I is the position vector of the
point P in its initial configuration:
él 0u iX,0
| 2
thep
1

According to that, the displacement vector dP of the

point P is given by:

>
C>C~ c

p

- ©)
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— — —
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2.3 Stiffness matrix of vertical elements

The stiffness matrix km of some vertical supporting
element m (i.e. of a frame m) with respect to the
effects of horizontal forces is determined by the linear
relation between the horizontal displacements of the
story slabs and the corresponding horizontal forces, as
given by the following matrix equation:

R, =k, *A_ @

U jedn. (4) su: A, je vektor ¢ije komponente
predstavijaju  horizontalna  pomjeranja  vertikalnog
elemenata u visini tavanica, dok je Rm vektor Cdije

In Eq.(4) An is a vector whose components
represent horizontal displacements of each slab of the
vertical element, Ry is a vector whose components
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komponente predstavljaju sile u visini tavanica koje
izazivaju pomjeranja elementa definisana sa vektorom
An.

Imajuéi u vidu relaciju (4), moze da se zaklju¢i da
elementi kolone | matrice krutosti km predstavijaju
horizontalne sile koje moraju da djeluju na vertikalni
element m u nivoima tavanica da bi horizontalno
pomjeranje u nivou tavanice j imalo jedini¢nu vrijednost,
a horizontalna pomjeranja u nivoima ostalih tavanica bila
jednaka nuli. U ovom radu matrica krutosti vertikalnog
elementa 'm’ odredena je na sledeéi nacin, koji je u
skladu sa navedenom interpretacijom znacenja
elemenata matrice Krutosti. Prvo su vertikalnom
elementu (odn. okviru) m dodati imaginarni horizontalni
oslonci u nivoima svake tavanice. Zatim su ovim
osloncima, redom, zadata jedinicha horizontalna
pomjeranja (svako pomjeranje je poseban slucaj
optere¢enja), pa su odredene reakcije u dodatim
horizontalnim osloncima za svaki slu€aj optereéenja
posebno. Ove reakcije predstavljaju elemente matrice
krutosti. Tako na primjer, elementi kolone j matrice
krutosti km dobijeni su kao reakcije dodatih imaginarnih
horizontalnih oslonaca kada je osloncu | zadato
jediniéno horizontalno pomjeranje Aj=1, kao Sto je
prikazano na slici 3. Dakle, matrica krutosti vertikalnog
elementa je simetri€na kvadratna matrica reda N, gdje je
N broj tavanica (spratova) posmatrane zgrade.

represent forces acting at each story slab due to which
displacements of each slab (or girder in a frame) are
given by the vector Anm.

Having in mind relation (4), it could be concluded that
the elements of the column j of the stiffness matrix km
represent horizontal forces which must act on vertical
element m at the levels of story slabs in order that the
horizontal displacement at the level j would have the
unit value, while other horizontal displacements of all
other story slabs are zero. In this paper, the stiffness
matrix of the vertical element m is determined in the
following way, which is consistent with the mentioned
interpretation of the meaning of elements of the stiffness
matrix. First, the imaginary horizontal supports at the
levels of each story slab are added to the vertical
element (or frame) m. Then, these supports are
subjected to the unit horizontal displacements (each
displacement as a separate loading case), so, for each
loading case the reactions are determined in all added
horizontal supports. These reactions are the elements of
the stiffness matrix. For example, elements of the
column j of the stiffness matrix kn are obtained as the
reactions of the added imaginary horizontal supports
when the support j is subjected to the unit horizontal
displacement Aj=1, as it is shown in Fig. 3. So, the
stiffness matrix of the vertical element is the square
symmetric matrix of order N, where N is a number of
story slabs (stories) of considered building.

N-1 - § <«— Kn-tj,m
j . —~= _’k)l.m
Aj=1
2 Jé - kz, m
1 § —=Kij,m

2

Slika 3. Odredivanje elemenata kolone j matrice krutosti
Figure 3. Determination of the elements of the column j of the stiffness matrix

Pri formiranju statickog sistema konstrukcije, s
obzirom da vertikalni elementi mogu biti samo linijski
nosaci (okviri), izolovana zidna platna i kombinovani
sistemi od okvira i zidnih platna, moguée su sledece
aproksimacije u ra¢unskom modelu. lzolovano zidno
platno se zamjenjuje konzolnim nosalem sa
odgovarajuéim  momentom  inercije, kombinovani
vertikalni element koji se sastoji od okvira i zidnih
platana zamjenjuje se ekvivalentnim okvirnim stati¢kim
sistemom, kod koga se za djelove rigli koji se nalaze
unutar Sirine zidnog platna usvaja beskonacna krutost, tj.
beskonacna vrijednost momenta inercije (kruti ofset od
ose stuba). Zidna platna se, ukoliko je odnos njihove
visine i Sirine manji od 4, zamjenjuju Stapovima kod kojih

During the formation of the static system of the
structure, regarding the fact that vertical elements could
be only columns and beams, i.e. frames, isolated shear
walls and also combined systems of frames and shear
walls, the following modeling approximations are
possible. Isolated shear wall is replaced by the cantilever
column with the corresponding moment of inertia, the
combined vertical element, consisting of columns,
beams and shear walls, is replaced by the equivalent
frame, where the infinite rigidity is adopted for the parts
of beams which are contained in the shear wall, that is,
the infinite value of the moment of inertia (or the rigid
offset from column's axis). Shear walls, if the aspect
ratio of their height to width is less than 4, are replaced
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je uzeta u obzir deformacija smicanja jer je uticaj
transverzalnih sila na deformaciju znacajan i istog reda
veli¢ine kao i uticaj momenata savijanja. Zbog toga kod
statiCkog sistema kombinovanog vertikalnog elementa
mogu da postoje tri vrste Stapova: Stapovi konstantnog
popre¢nog presjeka, Stapovi konstantnog popreénog
presjeka kod kojih je uzeta u obzir deformacija smicanja
i Stapovi sa skokovito promjenjivim momentima inercije.
Okvirni sistemi koji se posmatraju se sastoje samo od
Stapova konstantnog popre¢nog presjeka.

Prema tome, staticki sistemi svih vertikalnih
konstruktivnih  elemenata zgrade su  ukljeSteni
ortogonalni okviri, sastavljeni od razli¢itih tipova Stapova
u zavisnosti od vrste vertikalnog elementa. Zbog
usvojenih pretpostavki da su tavanice beskonaéno krute
i da su aksijalne deformacije vertikalnih elemenata
zanemarljive, u svim Stapovima vertikalnih nosecih
elemenata (odn. okvira) zanemarene su aksijalne
deformacije.

2.4 Matrica krutosti nesimetriéne zgrade

Na slici 4 prikazana je nesimetricna zgrada sa
proizvoljinom  konfiguracijom vertikalnih elemenata,
odnosno sa vertikalnim elementima koji su proizvoljno
postavljeni u odnosu na ose x i y referentnog
koordinatnog sistema.

by columns for which the shearing deformation is taken
into account because the effects of transversal forces is
significant for the deformation and it is of the same order
as the effect of the bending moment. Therefore, for the
static system of the combined vertical elements three
types of beams are possible: beams with constant cross
section, beams with constant cross section, but where
the shearing deformation is taken into account, and
beams with step-wise constant moments of inertia.
Frame systems under consideration are consisting of
beams with constant cross sections.

So, statical systems of all vertical structural elements
of the building are orthogonal frames, clamped at the
base, consisting of different types of beams depending
on the type of the vertical element. Because of the
adopted assumptions that the story slabs are infinitely
rigid and that the axial deformations of the vertical
elements are neglected, the axial deformations are
neglected in all beams of vertical elements (i.e. frames).

2.4 Stiffness matrix of non-symmetric building

The non-symmetric building is presented in Fig. 4
with the arbitrary configuration of vertical elements, that
is with vertical elements which are arbitrarily placed with
respect to axes x and y of the global (reference)
coordinate system.

AY
frn
Wi R " x
oy g

Slika 4. Polozaj vertikalnog elementa ‘m’ tavanice j nesimetriéne zgrade
Figure 4. Position of vertical elements m of the story slab j of non-symmetric building

Pomjeranje svake tavanice j dato je vektorom:

Displacement of each story slab j is given by the
vector:

s ={u v, i ©)

Polozaj vertikalnog elementa 'm odreden je
polozajem njegovog teziSta Cm(Xm,ym) i pravcem

vertikalnog elementa X, koji zaklapa ugao am sa X

osom referentnog koordinatnog sistema. Referentni
koordinatni sistem moze se postaviti u bilo kojoj
proizvoljno odabranoj tacki.

Pomjeranje vertikalnog elementa Ajm u njegovoj
ravni, a u nivou tavanice j iznosi:

The position of the vertical element 'm’ is determined
by the position of its centroid Cm(Xm,Ym) and by direction

X, of the vertical element, which covers the angle am
with x axis of the global coordinate system Oxy. The
global coordinate system can be placed in any arbitrarily
selected point O.

Displacement of the vertical element Ajm in its plane,
and at the level of the story slab j is:

D, =Uu;cosa,+v;sna, +j r, (6)
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gdje je rm normalno rastojanje pravca vertikalnog
elementa od referentne tacke.

Ako pretpostavimo da posmatrana zgrada ima N
spratova onda se jednacéina (6) moze predstaviti u
matricéhom obliku kao:

Am
gdje je an matrica transformacije data sa:
égcosa,, sSna, r., L 0
S ' T TR
a,=€ 0 0 0 L cosa,
2 M M WL M
g 0 0 0 L 0

dok je d vektor pomjeranja posmatrane nesimetricne
zgrade:

"={u, v,

Ovdje je pretpostavljeno da su am i rm za jedan
vertikalni element m konstantni za svaku tavanicu, Sto
prihvatljivo odgovara stvarnosti.

Vertikalni elementi, kao Sto je napomenuto,
ograni¢avaju horizontalno kretanje tavanica, pa je uticaj
vertikalnog elementa m na kretanje tavanice j pred-
stavljen sa unutrasnjom koncentrisanom horizontalnom
ograniavajucom silom R;n koja djeluje u pravcu
vertikalnog elementa. Buduéi da je reaktivna sila Rjm
restitucione prirode, njen smjer je suprotan kretanju
tavanice i ona tezi da vrati tavanicu u ravnotezni poloZzaj.
Kretanje tavanica prouzrokuju spoljaSnje horizontalne
sile koje djeluju u nivoima tavanica, a javljaju se usled
uticaja vjetra ili zemljotresa.

Na slici 5 prikazane su sve aktivne i odgovarajuce
reaktivne sile koje djeluju na tavanicu J (prikazana je
samo reaktivna sila Rjm, koja deluje na element m). Sile
X, Yj i moment M; su rezultat redukcije u odnosu na
referentnu  tacku svih  spoljadnjih  raspodijeljenih
horizontalnih sila koje djeluju na tavanicu j.

\Y

J, . U

where r , is the normal distance of the direction of the
vertical element from the reference point.

If we suppose that the building has N stories then the
equation (6) can be presented in the matrix form as:

=a_ % )
where an, is a transformation matrix given with:
0 0 L 0 0 Ou
I I oy
sna, r, L O 0 ou ®)
I T g
0O 0 L cosa, sna, r,f

while d is displacement vector of the considered non-
symmetric building:
by Uy vy g 9)

Here it is supposed that am and rn for one vertical
element m are constant for each story slab, which is
quite acceptable in reality.

Vertical elements, as previously mentioned, restrain
the horizontal motion of story slabs, so the effect of the
vertical element m to the motion of the story slab J is
presented with the internal concentrated horizontal
restraining force Rjm which is acting in direction of the
vertical element. Regarding the fact that reactive force
R;m has a restitution nature, its sense is the opposite of
the story slab motion and it tends to return the story slab
into the equilibrium position. Motion of story slabs is
initiated by the external horizontal forces which act at the
levels of story slabs, and they are the consequence of
the wind and earthquake actions.

Fig. 5 presents all active and corresponding reactive
forces which act on the slab j (only the reactive force
R;m for element m is given). Forces X;, Y; and twisting
moment M; are the result of the reduction to the
reference point of all distributed external horizontal
forces which are acting on the story slab j.

Slika 5. Aktivne i reaktivne sile koje djeluju na tavanicu "j" nesimetri¢ne zgrade
Figure 5. Active and reactive forces which act on the story slab "j" of non-symmetrical building
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Uslovi ravnoteZe svih sila koje djeluju na tavanicu j
mogu da se prikazu u matricnom obliku kao:

Z

%930

X
:’Y
{M

o ~<\

Ako se uzmu u obzir svih N tavanica zgrade onda se
jednacine (10) mogu predstaviti u matricnom obliku kao:

Conditions of equilibrium of all forces which act on
the story slab j could be presented in the matrix form
as:

icosa,,u

v o

’sinami',xRLm (10)

M b

If all N story slabs are taken into consideration,
equations (10) could be presented in the matrix form:

Nv
Q=aa, R, (11)

m=1

Najzad, ako se i izrazi (4) i (7) uzmu u obzir, tada
relacija (11) glasi:

Finally, if expressions (4) and (7) are taken into
account, the then the relation (11) becomes:

Q=K:>9o (12)
gdje je: where:
8
K=aa,*X, ", (13)
m=1

globalna matrica krutosti nesimetricne zgrade koja
uspostavlja vezu izmedu vektora  spoljasSnjeg
opterecenja Q i vektora nepoznatih pomjeranja svih
tavanica d.

Dakle, na osnovu lokalnih matrica krutosti pojedinih
vertikalnih elemenata i njihovih poloZzaja u odnosu na
referentni koordinatni sistem, formira se globalna matrica
krutosti nesimetri¢ne zgrade.

2.5 Diferencijalne jednacine kretanja

Diferencijalne jednadine kretanja zgrade mogu se
izvesti na razli¢éite medusobno ekvivalentne nacine.
Jedan od njih je razmatranje izolovanih tavanica i
primjena za svaku od njih D'Alambert-ovog principa
(uslovi ravnoteze aktivnih, reaktivnih i inercijalnih sila),
jer se u nivoima tavanica pri dejstvu dinami¢kog
opterecenja javljaju i odgovarajuce inercijalne sile, zbog
pretpostavke da su mase koncentrisane samo u nivoima
tavanica, [8]. Drugi je razmatranje izolovanih tavanica
(ploca) i primjena zakona o promjeni koli€ine kretanja i o
promjeni momenta koli¢ine kretanja, [1].

Diferencijalne jednaline kretanja zgrade, bez
priguSenja, sa 3N stepeni slobode (spratova), u
matrichom obliku, glase:

is the global stiffness matrix of a non-symmetric building
which represents the connection between the vector of
external load Q and the vector of unknown
displacements of all story slabs d.

Therefore, starting with the local stiffness matrix of
each vertical element and its position with respect to the
global coordinate system, the global stiffness matrix of
non-symmetric building is formed.

2.5 Differential equations of motion

Differential equations of motion of a building may be
derived in various equivalent ways. One of them is the
application of D'Alambert's principle for each isolated
story slab (equilibrium of active, reactive and inertial
forces), because the inertial forces appear, during the
actions of dynamic loads, only at the level of the storey
slabs, due to the assumption that the masses are
concentrated only at the story slabs, [8]. The second
approach is to consider each isolated story slab and to
apply the Laws of Momentum and the Moment of
Momentum, [1].

Differential equations of motion of a building, without
damping, with 3N degrees of freedom (N stories), written
in the matrix form, are:

M8 +Ks =Qt) (14)

gdje je M globalna matrica masa zgrade, a @ vektor
ubrzanja.
Matrica mase nesimetri¢ne zgrade sa N spratova je:

where M is the global mass matrix of the building, and

@ is the acceleration vector.
The global mass matrix of the non-symmetric
building with N stories is:
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2
-

D> > D> D> D> D>

gdje je M; je matrica masa u nivou tavanice j .

Ako se koordinatni pocCetak usvoji u centru mase
(%s,j=Ys,=0), Sto je Cest slu€aj u dinamickoj analizi uticaja
horizontalnih sila na zgrade, tada matrica M; postaje
dijagonalna matrica oblika:

<

1
DD D D D
o O _%

gdje je M; ukupna masa tavanice j, dok je |7 ; sopstveni

polarni momenat inercije mase u odnosu na vertikalnu
OSu u centru mase.

Naravno, ukoliko se Zeli, moze da se u diferencijalne
jednacine kretanja (14) uvede i viskozno prigu$enje, tako
da diferencijalne jednacine kretanja dobijaju oblik:

0

o Z

(15)

= O = O
[ exY e Y ey ey @’

L 0 L M.§

where M; is the local mass matrix at the level of the story
slab j.

If the coordinate system is adopted in the center of
mass (Xs,;=Ys;=0), which is the frequent case in dynamic
horizontal load analysis of buildings, then the mass
matrix M; becomes the diagonal matrix of the form:

ou
a

i 0q (16)
1S 0
r.iu

where M; is the total mass of the slab j, while |7 ; is the

polar mass moment of inertia of the slab with respect to
the vertical axis in the center of mass.

Also, the viscous damping could be included into
differential equations of motion (14), so the equations of
the motion, in that case, obtain the form:

ME+C8 +Ks=Q(t) €y

Matrica priguSenja C je usvojena kao linearna
kombinacija matrica mase i krutosti:

The damping matrix C is assumed in the usual way
as the linear combination of the mass matrix and the
stiffness matrix:

C=uoM +BK (18)

gdje se koeficijenti a i b usvajaju prema izrazima:

o =200,

ol - of
koji su odredeni iz uslova da je za dva razli¢ita
svojstvena oblika usvojena neka vrijednost za relativho
priguSenje. U izrazima (19) w i w su svojstvene
frekvencije neka dva svojstvena oblika, dok su z; i z;
usvojena relativna modalna priguSenja. Obi¢no se za
sve tonove usvaja isto relativno priguSenje, pa u tom
slu€aju izrazi (19) glase:

.
o, +

RjeSavanje diferencijalnih jednacina kretanja (14),
odn. (17), vrSi se uobi¢ajenim metodama dinamike
diskretnih sistema. UopSteno, postoje dva osnovna
pristupa: modalna analiza i direktha numeri¢ka
integracija.

Cjo‘)i - Cio‘)j

where coefficients a and b are adopted according to
relations:

Cjo‘)i - Cio‘)j
2 2

O - O]

p=2 (19)

which are obtained from the condition that for two
particular natural modes, some value is assumed for the
relative damping. In expressions (19) w; and w; are the
natural frequencies of two natural modes, while z; and z;
are assumed values of relative modal damping. If the
relative damping are assumed the same for all natural
modes, then the expressions (19) become:

2C.
B: CI (20)
w; +(Dj

Solution of differential equations of motion (14), or
(17), is obtained by usual methods of the dynamics of
discrete systems. Generally, there are two basic
approaches: modal analysis and direct numerical
integration.
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3 ANALIZA UTICAJA ZEMLJOTRESA NA
VISESPRATNE ZGRADE

3.1 Uticaj zemljotresa kao slozeno kretanje zgrade

Zemljotres predstavlja pojavu naglog oscilovanja
povrSinskih slojeva zemljine kore nastalu usled nekih
tektonskih poremecéaja. To oscilovanje tla je potpuno
nepravilno (stihijsko) i deSava se u prostoru, tako da
postoji pomjeranje tla kako u horizontalnom tako i u
vertikalnom pravcu. Medutim, najvaznija su horizontalna
pomjeranja tla, jer su ona za zgradu najopasnija.
Potrebno je joS napomenuti da se nikada ne moze
pouzdano predvidjeti zemljotres kojem ¢e zgrada biti
izlozena, ve¢ se mora osloniti na neki procijenjeni
projektni akcelerogram. Postoji viSe mogucnosti za
odredivanje projektnih  akcelerograma. Mogu se
upotrebiti postojeéi akcelerogrami sa iste ili sa sli¢nih
lokacija po potrebi odgovarajuce modifikovani tako da
odgovaraju predvidenim karakteristikama ocekivanog
kretanja tla. Modifikacija se moze izvrSiti jednostavnim
skaliranjem ordinata vremenske istorije ubrzanja tla
(akcelerograma), promjenom vremenske skale (time se
mijenja frekventni sastav akcelerograma) ili nekim
komplikovanijim radunskim postupkom. Mogu se
generisati i vjeStacki akcelerogrami koji odgovaraju
karakteristikama oCekivanog kretanja tla.

Pri kretanju tla usled zemljotresa pretpostavlja se da
se sve tacke temelja zgrade kre¢u identi¢no, odnosno da
se tlo usvaja kao kruto tijelo. Ova pretpostavka je
prihvatljiva zbog relativno malih dimenzija osnhove
zgrade u odnosu na talasnu duzinu seizmickih talasa u
tlu. Zbog toga, uticaj zemljotresa na zgradu moze da se
predstavi kao prinudna translacija temelja zgrade.
Ukupno pomjeranje zgrade pri ovakvoj translaciji sastoji
se od pomjeranja zgrade kao krutog tijela i njenog
relativnog pomjeranja.

Metode analize zgrada usled dejstva zemljotresa, a u
zavisnosti od vrste primjenjene analize i usvojenog
modela konstrukcije, mogu se svrstati u €etiri osnovne
grupe [5]:

- linearna staticka analiza,

- linearna dinamicka analiza,

- nelinearna stati¢ka analiza,

- nelinearna dinami¢ka analiza.

Linearna  staticka analiza je, zbog svoje
jednostavnosti proracuna, implementirana kako u naSim
seizmi¢kim propisima (metoda ekvivalentnog stati¢kog
optere¢enja) tako i u propisima mnogih zemalja.
Referenti metod za odredivanje seizmickih uticaja u
Eurocode 8 (ECS8) je multi-modalna spektralna analiza,
pri ¢emu se koristi linearno elasti¢ni model konstrukcije i
projektni spektri [4]. U radu [6] su detaljno prikazane
slede¢e metode linearno dinamiCke analize: metoda
spektra odgovara, modalna analiza i direktna dinamicka
analiza. Najtacniji rezultati, odnosno najkvalitetniji uvid u
ponaSanje zgrada usled dejstva zemljotresa koriS¢enjem
zadatog akcelerograma, se dobijaju primjenom
nelinearne dinamicke analize, koja je suviSe
komlikovana za prakti¢nu primjenu. Zbog toga su se u
poslednje dvije decenije intenzivno razvijajale metode
proratuna_zasnovane na tzv. nelinearnoj statickoj
(‘pushover) analizi konstrukcija, [5]. Nelinearna staticka
analiza je implementirana u EC8 koriste¢i N2 metodu (N
oznacava nelinearni proracun dok broj 2 predstavlja dva

3 EARTHQUAKE ANALYSIS OF THE MULTI-
STOREY BUILDINGS

3.1 The earthquake actions as the complex motion
of a building

The earthquake represents appearance of a sudden
oscillations of the surface layers of the Earth's crust
originated from tectonic motions. The oscillation is
completely irregular (stochastic) and it happens in 3D
space, so there is the soil motion in horizontal and in
vertical directions. However, the most important are the
horizontal oscillations of the soil, because they are the
most dangerous for the building. It is necessary to point
out that it is never possible to predict with certainty the
earthquake which will happen and act on the building,
but rather, one must rely on some probability level and to
assume certain, or the so-called design accelerograms.
There are many possibilities to determine the design
accelerograms. It is possible to use the existing accele-
rograms from the same or from the similar locations
which are correspondingly modified in order to comply to
characteristics of expected soil behavior. Modification
can be performed by the simple scaling of the acceler-
ation values in the time history of soil acceleration, by
the change of the time scale (frequency contents of
earthquake is changed in that way), or by some more
complicated numerical procedure. It is also possible to
generate artificial accelerograms which correspond to
predicted characteristics of the soil motion.

When the soil moves during the earthquake it is also
assumed that all points of the building foundation move
identically, that is that the soil bellow building is treated
like a rigid body. This assumption is acceptable because
of usually small dimensions of the building's base in
relation to the wave length of seismic waves in soil.
Because of that, the earthquake effect on the building
can be considered as the forced translatory motion of
the building's foundation. The total building's motion
during such earthquake induced translation is consisting
of the superposition of the enforced building's motion at
the base, like the rigid body, and its relative motion.

Methods of analysis of building's behavior during
earthquakes, depending on the type of the applied
analysis and on the adopted structural model, may be
classified into four basic groups [5]:

- Linear static analysis,

- Linear dynamic analysis,

- Nonlinear static analysis,

- Nonlinear dynamic analysis.

Linear static analysis is, because of its simplicity of
calculation, implemented in our seismic regulations
(method of the equivalent static load) as well as in the
seismic regulations of many other countries. Referent
method of analysis of seismic actions in Eurocode 8
(ECS8) is the multi-modal spectral analysis, where linearly
elastic model of the structure is used as well as the
design spectra [4]. In the paper [6] the following methods
of linear dynamic analyses are presented in details:
method of the response spectrum, modal analysis and
direct dynamic analysis. The most accurate results, that
is the most complete insight into the building's behavior
during the earthquake actions, when analyzed with the
given accelerogram as the earthquake loading, are
obtained by the application of a nonlinear dynamic
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matematicka modela: SDOF-sistem sa jednim stepenom
slobode i MDOF-sistem sa viSe stepeni slobode, [3]).
Ova metoda je detaljno prikazana u radovima [4] i [5],
dok je kratak prikaz dat u radu [3].

U ovom radu, s obzirom da je matematic¢ki model
uticaja zemljotresa na viSespratne nesimetri¢ne zgrade
(preko zadatog akcelerograma) posluzio kao osnova za
razvijanje drugog numerickog modela za analizu
mogucéeg sudara viSespratnih nesimetri¢nih zgrada u
uslovima zemljotresa, usled zadatog akcelerograma,
primjenjena je linearna dinami¢ka analiza. Dakle, dife-
rencijalne jednacine kretanja viSespratne nesimetricne
zgrade usled uticaja zemljotresa, pri ¢emu je zemljotres
tretiran kao zadato dinami¢ko pomjeranje osnove zgrade
(zadat akcelerogram), su rjeSavane primenom a
postupka direktne numerike integracije koji je numericki
stabilan i daje potpuni vremenski odgovor zgrade za
zadati akcelrogram.

3.2 Diferencijalne jednacine kretanja u slucaju
zemljotresa

Kretanje zgrade usled uticaja zemljotresa tretira se
kao sloZeno kretanje, pa je pomjeranje svake tavanice |
jednako zbiru prenosnog i relativnog pomjeranja:

aj,ans -
pri €emu je prenosno kretanje seizmi¢ko pomjeranje tla,
dok je relativno pomjeranje ravno kretanje tavanica.
Seizmicko pomjeranje tla u opStem slu¢aju ima
proizvoljan pravac u odnosu na zgradu. Ako se sa b
oznali ugao koji dominantni pravac seizmi¢kog
pomjeranja tla ug zaklapa sa globalnom x osom u
horizontalnoj ravni, slika 6, tada se vektor apsolutnog
pomjeranja tavanice j moZze prikazati kao:

i cosbu

jypre

analysis, which is, however, too complicated for every-
day's practical use. Therefore, during the last two
decades, intensive effort was devoted to development of
the methods of analysis which are based on the
nonlinear static (or the so called pushover) analysis of
structures [5]. Nonlinear static analysis is also
implemented in EC8 using N2 method (N means non-
linear design while number 2 presents two mathematical
models: SDOF-system with one degree of freedom and
MDOF-system with more degrees of freedom, [3]). This
method is presented in details in the papers [4] and [5],
while the short review is given in the paper [3].

In this paper, regarding the fact that mathematical
model of the earthquake actions on multi-storey non-
symmetric buildings (using the given accelerogram) was
used as a base for developing another numerical model
to analyze the possible pounding of multi-storey non-
symmetric buildings during the earthquake and given
accelerogram, linear dynamic analysis is used. So,
differential equations of motion of a multi-storey non-
symmetric building during the earthquake, where
earthquake is treated as the given dynamic translation of
the building's base, (given accelerogram), were solved
by application the a method of direct numerical
integration which is numerically stable and it gives the
complete time history response of the building for the
given accelerogram.

3.2 Differential equations of motions in a case of an
earthquake

The building motion during the earthquake actions is
treated as the complex motion, so the motion of each
story slab j is given by the superposition of the imposed
translatory and relative motions:

+6j,re| (21)

where the translatory motion is seismic motion of soil,
while relative motion is planar motion of story slabs.
Seismic motion of soil in general case has an
arbitrary direction with respect to building. If b denotes
the angle between the global x axis in horizontal plane
and the dominant direction of seismic motion of the soil,
denoted by ug, see Fig. 6, then the vector of the absolute
displacement of the story slab j may be presented as:

IUU

0 _|S|nbyu +|Vy b U, +5 (22)

1, aps
i op

Ako se uzmu u obzir svih N tavanica zgrade, onda se
relacija (22) moze prikazati u obliku:

thip

If all N story slabs of the building are taken into
account, then relation (22) may be presented in a form:

8s(t) = uy (t) + 8(t) 23)
gdje su: where:
O ={0, s O/ s -+ Oy o
={b, b, ... by} (24)
={9, o, ... 8}
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Slika 6. Dominantan pravac seizmi¢kog pomjeranja tla
Figure 6. Dominant direction of seismic motion of the soil

pri éemu su komponente vektora b konstantne za sve
tavanice.
Na osnovu relacije (23) vektor apsolutnog ubrzanja
cijele zgrade moze se prikazati kao:
8. (1)

gdje je &Qg(t) poznata funkcija koja predstavija

seizmiCko ubrzanje tla, odnosno zadati
akcelerogram.

U sluéaju zemljotresa inercijalne sile zavise od
apsolutnog kretanja (odn. od apsolutnog ubrzanja), sile
priguSenja i restitucione sile zavise od relativhog
kretanja (od brzine i pomeranja), dok su aktivhe
horizontalne sile jednake nuli, jer je zemljotres prinudno
kretanje osnove zgrade. Prema tome, diferencijalne
jednacine kretanja zgrade, date sa (17), mogu da se

prikazu kao:

projektni

M§, +C8+K3=0

Kada se vektor apsolutnog ubrzanja (25) uvrsti u
jednacinu (26) dobija se:

M&+C8 +K =- Mbid, =g(t)

Relacija (27) predstavlja diferencijalne jednacine
kretanja zgrade usled zemljotresa.

3.3 RjeSavanje diferencijalnih jednac¢ina kretanja

RjeSavanje diferencijalnih jednacina kretanja usled
uticaja zemljotresa wrSi se postupkom  direktne
numeric¢ke integracije, jer ovaj postupak daje potpuni
odgovor zgrade za zadati akcelerogram. Ovdje se koristi
implicitni i bezuslovno stabilni a postupak numericke
integracije, nastao na osnovu ideje Newmark-ovog b
postupka. Ukupno vrijeme trajanja zemljotresa tmax Se
podijeli na izvjestan broj (npr. n;) medusobno jednakih
podintervala: tmax=ndAt.

Primjenom a postupka na jednacine (27) dolazi se
do ekvivalentnog statickog problema, tj. do sistema
linearnih algebarskih jednacina unutar svakog intervala
vremena At:

and components of the vector b are constant for all story
slabs.

According to relation (23) the vector of the absolute
acceleration of the whole building may be presented as:

b, (t)+8(t)

where f&g (t) is the known function which represents

(25)

seismic acceleration of the soil, that is the given design
accelerogram.
In the case of an earthquake, inertial forces depend

on the absolute motion (or, rather, absolute
acceleration), damping forces and reactive forces
depend on relative motions (on velocity and

displacement), and also, active horizontal forces are
equal to zero, since the earthquake is an imposed
translation of the building's base. Therefore, differential
equations of motion of the building, given by (17), may
be presented as:

(26)

When the vector of absolute acceleration (25) is
inserted into Eq. (26), one obtains:

(27)

Eq. (27) presents the differential equations of motion
of the building during earthquake action.

3.3 Solution of differential equations of motion

Solution of differential equations of motion of a
building, during the earthquake actions, is performed by
the procedure of direct numerical integration, because
this procedure gives a complete response of the building
to the given accelerogram. Implicit and unconditionally
stable a method of the numerical integration is used,
which is the extension of the Newmark’s b method. The
total time duration tmax Of the earthquake is divided into
the certain number (e.g. n) of mutually equal sub-
intervals: tmax=ndt.

Applying the a method to Egs. (27) one obtains the
equivalent static problem, that is, the system of linear
algebraic equations within the each time interval At:
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K*6n+l = g*n+a (n=1, 2,..., Ne1) (28)
gdje je K" efektivna matrica krutosti data sa: where K’ is the effective stiffness matrix given with:
R 1 o
K =(1+a)K +—— M +(l+a) = (29)
t bDt
dok je g*n+a vektor efektivnog opterecenja: while g*n+a is a vector of effective load:
* ®& 1 1 el
Onta =Onsa *M c———0, +—4&, + 12 é@ +
n+a n+a ng 2 nt bD t ga PGS 0

' g
+C j(1+a —5 + A 1+a

U relaciji (30) sa gn+a 0znacen je vektor opterecenja
u trenutku tneg:

Onea =O(thea) =

Ako se parametri a, b i gu izrazima (29)-(31) izaberu
prema relacijama:

a postupak je bezuslovno stabilan. Uobi¢ajeno je da se
usvoji da je a=-1/3, tako da je onda g=5/6, b=4/9, dok se
za a=0 dolazi do klasi¢nog Newmark-ovog b postupka.
Da bi se zapoCeo proces direktne numericke
integracije neophodno je da budu poznati pocetni uslovi

o, i go, kao i da se izraCuna pocetno ubrzanje @0 iz

diferencijalne jednacine kretanja za pocetni trenutak t=0.
Kako se zgrade neposredno prije pojave zemljotresa
nalaze u stanju mirovanja, to su pocetni uslovi
homogeni. Pocetno ubrzanje zgrade je odredeno iz
diferencijalne jednacine kretanja napisane za pocetni
trenutak t=0 i za homogene pocetne uslove, kao:

8, =M"g(0)=

RjeSavanjem jednacina (28) dobija se vektor
generalisanih pomjeranja na kraju posmatranog intervala
vremena dn+1. Zatim se odreduju vektori generalisanih

-Mbi,(t,., +aDt)

1(1 2a) b=

' (-M bmg (0)) = bmg (0)

1u(§ +(1+a)Dt 8_ gilv)+aK5

In the relation (30) gn+, denotes the load vector in the
time t neq:

(31)

If the parameters a, b and g in Egs. (29)-(31) are
chosen according to relations:

La-ay (32)
4

then the a method is unconditionally stable. It is usual to
adopt the value a=-1/3, so then g=5/6, b=4/9, while for
a=0 the method becomes the classical Newmark's b
method.

In order to start the process of direct numerical
integration, it is necessary to know the initial conditions,

displacements and velocities 8, and 30, as well as to

determine the initial acceleration @0 from the differential

equation of motion for the initial time t=0. As the
buildings are in the state of rest before the earthquake
starts, the initial conditions are homogeneous. The initial
acceleration of the building is obtained from the
differential equations of motion, written for the time t=0
and for the homogeneous initial conditions, as:

(33)
By solving the equations (28) the vector of

generalized coordinates is obtained at the end of the
time interval d..1. Then the vectors of generalized

brzina i ubrzanja na kraju posmatranog intervala velocities and accelerations at the end of the time
vremena prema sledeéim relacijama: interval are determined according to the following
relations:

0 el .0
gn+1: g 6n+1_ g o @_lign_ __li@n (34)

bDt bDt b 5 D 5

1 1 1

=8, - 5, - — 8 -FL 1% (35)

" =D ™ bDE? " bDt " &2
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Algoritam za analizu vremenskog odgovora zgrade je
ukratko prikazan:

Posmatra se nesimetricna viSespratna zgrada
izloZena seizmickoj pobudi koja je definisana sa akcele-

rogramom &ﬂg i sa dominantnim pravcem pod uglom b,

koji se mjeri u horizontalnoj ravni u odnosu na usvojen
globalni koordinatni sistem Oxy.

Proces analize vremenskog odgovora zgrade
zapocinje se rjeSavanjem diferencijalnih jednacina kreta-
nja zgrade (27) koristeci a postupak direktne numeri¢ke
integracije. Znaci, u svakom intervalu vremena Dt rjeSa-
va se ekvivalentni staticki problem (28) i dobija vektor
generalisanih pomjeranja zgrade na kraju posmatranog
intervala vremena. Sa odredenim vektorom generalisa-
nih pomjeranja odreduju se vektori generalisanih brzina i
ubrzanja zgrade na kraju posmatranog intervala vreme-
na, prema relacijama (34) i (35). Dobijene vrijednosti na
kraju posmatranog intervala vremena su zatim poznate
pocetne vrednosti na pocetku narednog intervala
vremena, pa se sukcesivnim rjeSavanjem, korak po
korak, dolazi do ukupnog vremenskog odgovora.

4 NUMERICKI PRIMJER

U cilju numeri¢ke realizacije razvijen je odgovarajuci
kompjuterski program, nazvan Zgrada_3D [9]. Program,
osim Sto izraGunava vremenski odgovor viSespratne
nesimetricne zgrade usled zadatog akcelerograma kao
zemljotresnog optere¢enja, moze da se koristi i za
analizu slobodnih oscilacija, odnosno za proracun
svojstvenih frekvencija i svojstvenih oblika zgrade na
osnovu izraGunatih matrica krutosti i masa posmatrane
viSespratne nesimetri¢ne zgrade.

Kao primjer razmatrana je nesimetricna zgrada sa
osam spratova. Osnova zgrade, sa geometrijskim
podacima i podacima o spratnim masama prikazana je
na slici 7, dok je 3D model dobijen u komercijalnom
programu Tower 6 dat na slici 8.

S20

=
=
=1
= u u u - — —
=
R, &b ah o oan o RIL 40 BRI
1 1 1 1 T 1

A0

Algorithm for the analysis of the time history
response of the building is presented in short:

Non-symmetric multi-story building is considered
while being exposed to seismic excitation defined by the

given accelerogram f&g and by the dominant direction

given by the angle b, which is measured in the horizontal
plane in relation to the adopted global coordinate system
Oxy.

The process of analysis of the time history response
of the building starts with the solution of differential
equations of motion of the building (27) using the a
method of the direct numerical integration. It means that
in each time interval Dt the equivalent “static” problem
(28) is solved and the vector of generalized displace-
ments is obtained at the end of the time interval. The
generalized velocity and acceleration vectors at the end of
the time interval are then determined, according to rela-
tions (34) and (35). Obtained values at the end of consi-
dered time step are the known initial values at the begin-
ning of the next time step, until, after successive solution
step by step, the complete time history is obtained.

4 NUMERICAL EXAMPLE

In order to implement the numerical procedure, the
corresponding computer program, called Building_3D, [9]
is developed. The program, besides giving the time
history response of multi-story non-symmetric building for
a given accelerogram as the earthquake loading, can also
be used for the analysis of free oscillations, that is for
determination of the natural frequencies and natural sha-
pes of the building using the calculated stiffness and mass
matrices of considered multi-story non-symmetric building.

As an example, a non-symmetric building with eight
stories was considered. The plan and some geometric
and mass data are presented in Fig. 7. Also, 3D model,
as obtained from the commercial computer code Tower
6, is given in Fig. 8.

Podaci: Data:
Piers dimensions:
b/h=50/50[cm]

Dimenzije stubova:
b/h=50/50[cm]

Beams dimensions:
b/h=35/60[cm]

Dimenzije greda:
b/h=35/60[cm]

Slab thickness:
dpi=22[cm]

Debljina ploce:
dpi=22[cm]

Modul elastiénosti:
E=3.15*10[kN/m?]
(MB 30)

Modulus of elasticity:
E=3.15*10[kN/m?]
(MB 30)

Spratne mase:
m1=...=m7 =1220[kNs?/m]
Mg =1170[kNs?*/m]

Storey masses:
m3=...=my =1220[kNs?/m]
Mg =1170[kNs?/m]

Slika 7. Osnova nesimetri¢ne zgrade sa osam spratova
Figure 7. The plan of a non-symmetric building with eight stories
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Slika 8. Model nesimetriéne zgrade sa osam spratova (Tower 6)
Figure 8. Model of non-symmetric building with eight stories (Tower 6)

Period oscilovanja prvog tona razmatrane zgrade

dobijen koriSéenjem komercijalnog programa Tower 6
iznosi 0.920s, a koriS¢enjem programa Zgrada_3D
0.892s.
Na slici 9 prikazani su usvojeni koordinatni sistemi:
referentni Oxy i lokalni S¢n postavljen u centru mase
(tezistu) tavanice, kao i dominantni pravac seizmickog
pomjeranja tla ug koji sa referentnom x osom u
horizontalnoj ravni zaklapa ugao b. Takode je prikazan i
polozaj karakteristicnih tacaka konture razmatrane
zgrade.

The period of oscillation of the first mode of
considered building, obtained by the commercial
program Tower 6 is 0.920s, and obtained by the
program of Buildings _3D is equal to 0.892s.

Fig. 9 presents the assumed coordinate systems: the
global Oxy and the local Sg¢n which is set at the center of
mass (centroid) of the story slab. Also, direction of the
dominant seismic motion of the soil ug , as determined
by the angle b with respect to the global x axis in the
horizontal plane, is given. Position of some characteristic
points in plan of the building is also presented.

3 A

Lli[l]/’:;y

£ .

X

Slika 9. Polozaj karakteristiénih tacaka konture razmatrane zgrade
Figure 9. Position of characteristic points of the contour of considered building

Posmatrana zgrada je izlozena zemljotresu Giji
akcelerogram odgovara frekventnom zapisu zemljotresa
El Centro, iz decembra 1940. godine, komponenta NS.
Akcelerogram je skaliran tako da maksimalno ubrzanje
tla iznosi 0.32g (g=9.81m/s®). Razmatrana su dva
dominantna pravca seizmi¢kog pomjeranja tla: b=0° i
b=45°. Odgovor zgrade je posmatran u ukupnom
trajanju akcelerograma zemljotresa El Centro (12.2s) sa
usvojenim vremenskim korakom Dt=0.05s.

Na slikama 10-13, za zadati akcelerogram, prikazan
je vremenski odgovor posmatrane zgrade za
dominantne pravce zemljotresa b=0° i b=45°, odnosno
vremenska promjena generalisanih pomjeranja us, Vs, j s

Considered building is exposed to the earthquake
with accelerogram corresponding to El Centro record
from December 1940, component NS. Accelerogram is
scaled in such a way that the maximum acceleration of
the soil is equal to 0.32g (g=9.81m/s®). Two dominant
directions of the seismic soil motions are considered:
b=0° and b=45°. The response of the building is
determined during the total duration of the earthquake EIl
Centro (12.2s) with the adopted time step Dt=0.05s.

Figures 10-13 are presenting some of the obtained
results for the given accelerogram, namely the time
history responses of the building for the dominant
earthquake directions b=0° and b=45°, that is time
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i generalisanih brzina 8ig,¥gi iy centra mase S

poslednje tavanice, tavanice broj 8, (slike 10 i 11).
Takode su date i vremenske promjene pomjeranja us *,
vg', us?® i vg? karakteristiénih tagaka 1 i 2 tavanice
broj 8 (slike 12 i 13), pri ¢emu sivom linijom u slucaju
kada je dominantni pravac zemljotresa jednak b=0° i
crnom linifjom u slu€aju kada je dominantni pravac
zemljotresa jednak b=45°.

Maksimalna pomjeranja centra mase tavanice broj 8
posmatrane zgrade u pravcu X i y 0Se (Ugmax | Vsmax) Z&
dominantne pravace zemljotresa b=0° i b=45° iznose,
redom, 22.6cm i 5.89cm, odnosno 15.0cm i 14.2cm
(slika 10).

histories of the generalized coordinates us, vs, j s and
generalized velocities 8ig, ¥, 1 Jig of the mass center S

of the last story slab, slab number 8, (Figs. 10 and 11“;.‘
Also, the time histories of displacements us ', vs ", Us
and vs > of the characteristic points 1 and 2 of the story
slab number 8 are given in Figs. 12 and 13, with grey lines
in a case when dominant direction of the earthquake is
equal to b=0° and with the black line in a case when the
dominant direction of earthquake is equal to b=45°.
Maximum displacements of the center of mass of
story slab number 8 of the building in directions x and y
(i.e. uUsmax and vsmax) for the dominant directions of
earthquake given by b=0° and b=45° are obtained as
22.6cm and 5.89cm, or 15.0cm and 14.2cm (Fig. 10).
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Slika 10. Vremenska promjena generalisanih pomjeranja
Ug,Vg 1] 8
Figure 10. Time history of generalized displacements us,vs
and j g

Slika 11. Vremenska promjena generalisanih
brzina €ig, ¥z i Jiq
Figure 11. Time history of generalized velocities
big,¥g and fg
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Maksimalna pomjeranja karakteristiéne tacke 1’

tavanice broj 8 posmatrane zgrade u pravcu x i y ose
e _ _
(Ugmax | Vgma ) 22 dominantne pravace zemljotresa

b=0° i b=45° iznose 28.4cm i 12.2cm, odnosno 26.7cm i
15.7cm (slika 12).

Maximum displacements of the characteristic point
"1" of the story slab number 8 of the building in the

- g T
directions x and y (i.e. Ugna and Vg ) for the
dominant directions of earthquake given by b=0° and

b=45° are obtained as 28.4cm and 12.2cm, or 26.7cm
and 15.7cm (Fig. 12).
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Figure 12. Time history of generalized displacements ug* and vg -
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Slika 13. Vremenska promjena pomjeranja. Us~ i Vs~ -
Figure 13. Time history of generalized displacements ug” and v~

Maksimalna pomjeranja karakteristiéne tacke 2
tavanice broj 8 posmatrane zgrade u pravcu x i y ose

( u;z;a( i Vg;a() za dominantne pravace zemljotresa
b=0° i b=45° iznose 18.5cm i 12.2cm, odnosno 12.7cm i

15.7cm (slika 13).

5 ZAVRSNE NAPOMENE

Na osnovu prikazanog matematickog modela uticaja
horizontalnih sila na viSespratne nesimetri¢ne zgrade, sa
posebnim osvrtom na uticaj zemljotresa preko zadatog
akcelerograma, razvijen je kompjuterski program
Zgrada_3D, koji, osim Sto daje vremenski odgovor
viSespratne nesimetricne zgrada usled zadatog
akcelerograma, moze da se koristi i za analizu slobodnih
oscilacija.

U cilju ilustracije numeri¢kog postupka razmatrana je

Maximum displacements of the characteristic point
"2" of the story slab number 8 of the building in the

. 7 7
directions x and y (i.e. Ugna and Vg ) for the

dominant earthquake directions b=0° and b=45° are
obtained as 18.5cm and 12.2cm, or 12.7cm and 15.7cm
(Fig. 13).

5 FINAL REMARKES

According to presented mathematical model of
analysis of the influence of horizontal forces upon the
multi-story non-symmetric buildings, with the particular
attention to earthquake actions described by the given
accelerogram, the computer program, called
Building_3D, is developed. The program dominantly
analyzes the time history response of a multi-storey non-
symmetric building due to the given accelerogram, but
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nesimetri€na zgrada sa osam spratova (slike 7 i 8). Prvo
je izvrSena analiza slobodnih oscilacija posmatrane
zgrade, a dobijeni rezultati se dobro slazu sa rezultatima
dobijenim koriSéenjem programa Tower 6, s obzirom da
se radi o razli¢itim matematickim modelima. Zatim je
analiziran vremenski odgovor razmatrane zgrade usled
djelovanja seizmi¢ke pobude (za zadati akcelerogram
koji odgovara frekventnom zapisu zemljotresa El Centro,
iz decembra 1940. godine, komponenta NS) za
dominantne pravce zemljotresa b=0° i b=45°.

Analizom prikazanih rezultata (slike 10-13) moze da
se zakljuéi da vremenski odgovor viSespratne nesime-
tricne zgrade zavisi kako od konfiguracije zgrade, njene
krutosti i rasporeda masa, tako i od prirode zemljotresa
(datog akcelerograma) tj. njegovog dominantnog pravca
djelovanja i vrijednosti maksimalnog ubrzanja tla.
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REZIME

VREMENSK| ODGOVOR NESIMETRIECNE ZGRADE U
ZAVISNOSTI OD DOMINANTNOG PRAVCA
DJELOVANJA ZEMLJOTRESA

Ljiliana ZUGIC
Stanko BRCIC

U radu je analiziran vremenski odgovor viSespratne
nesimetri¢ne zgrade usled djelovanja seizmi¢ke pobude
sa zadatim dominantnim  pravcem djelovanja.
Formulisan je numeric¢ki model uticaja horizontalnih sila
na nesimetricne zgrade (diskretni koncept numeric¢kog
modeliranja), sa posebnim osvrtom na uticaj zemljotresa
preko zadatog akcelerograma. Model je zatim posluZio
kao osnova za razvijanje numeri¢kog modela moguceg
sudara viSespratnih nesimetriénih zgrada usled uticaja
zemljotresa koji ¢e biti prikazan u slede¢em radu.

Nesimetri¢ha zgrada je tretirana u obliku skupa krutih
plo¢a koje se mogu proizvoljno kretati u medusobno
paralelnim horizontalnim ravnima i Cije je kretanje
ograni¢eno sa po tri linearno elasticne opruge koje
predstavijaju uticaj vertikalnih elemenata. Ravno
kretanje tavanica u horizontalnoj ravni opisano je
pomocu generalisanih pomjeranja odgovarajuéeg centra
mase (translacija u i v i rotacije j). Seizmi¢ko
pomjeranje tla u opStem slu¢aju ima proizvoljan pravac u
odnosu na zgradu, pri ¢emu je dominantni pravac
zemljotresa definisan sa uglom b, koji se mjeri u
horizontalnoj ravni u odnosu na usvojen globalni
koordinatni sistem. Formulisane su diferencijalne
jednacine kretanja viSespratne nesimetriéne zgrade
usled uticaja zemljotresa, pri ¢emu je zemljotres tretiran
kao zadato dinami¢ko pomjeranje osnove zgrade (zadat
akcelerogram). Jednadine su rjeSavane primenom a
postupka direktne numerike integracije koji je numericki
stabilan i daje potpuni vremenski odgovor zgrade za
zadati akcelrogram.

U cilju numericke realizacije ovog problema razvijen
je odgovaraju¢i kompjuterski program, koji osim Sto daje
vremenski odgovor viSespratne nesimetricne zgrade
usled zadatog akcelerograma (za dominantni pravac
zemljotresa) moze se koristiti i za analizu slobodnih
oscilacija.

Kljuéne rije€i: nesimetrina zgrada, dominantni
pravac zemljotresa, vremenska analiza

SUMMARY

TIME HISTORY RESPONSE OF NON-SYMMETRIC
BUILDING DUE TO DOMINANT EARTHQUAKE
DIRECTION

Ljiliana ZUGIC
Stanko BRCIC

The paper is considering the time response of a
multi-story non-symmetric building due to an earthquake
excitation with a given dominant direction. The
corresponding numerical model of the lateral load
analysis of non-symmetric buildings is developed, based
on a discrete concept of numerical modeling, with
particular attention to an earthquake motion with a given
accelerogram. Developed numerical model was used as
the basis for the second numerical model to analyze the
possible pounding of multi-story non-symmetric adjacent
buildings due to an earthquake, which will be presented
in the following paper.

Non-symmetric building was treated as the set of
rigid plates that can arbitrarily move in the corresponding
parallel horizontal planes. The motion of the each story
slab is restrained by the three linearly elastic springs that
represent the influence of the vertical structural
elements. Planar motion of story slabs in horizontal
planes is described by the generalized coordinates of
each center of the mass (translations u, v and rotation
j ). Seismic motion of the foundation soil has, generally,
an arbitrary direction with respect to the building.
Assumed dominant direction of an earthquake is
described by the angle b measured with respect to the
chosen global coordinate system. The corresponding
differential equations of motion of a non-symmetric multi-
story building, due to an earthquake (with a given
accelerogram), are formulated. The equations are solved
using the a method of direct numerical integration, which
is numerically stable and gives the complete time
response of the building to the given accelerogram.

In order to obtain the solution of the given numerical
formulation, the corresponding computer program was
developed. Besides providing the time response of a
multi-story non-symmetric building to the given
accelerogram, the program is also being used in the
free vibration analysis.

Keywords: non-symmetric  building, dominant

earthquake direction, time history analysis
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3AJEOHUYKO rEOOETCKO OCMATPAHE BEJIMKUX BPAHA U AKYMYJTALUUJA

COMMON GEODETIC MONITORING OF LARGE DAMS AND RESERVOIRS

XKapko HECTOPOBUR
Munan TPUOKOBUR

1 yBO[

WHTeH3nBHY u3rpagky Benukux bpaHa y Cpbuju y
apyroj nonosBuHuM 20 Beka KapakTepucao je Bpro
03burbaH npuna3 reogetckom npahewy CcTawa MU
noHawakwa oBux objekata. lNpema CKpOMHOM yBuUay
ayTopa Yy nojeavHy NpojeKkTHy OOKYMeHTauujy Moxe ce
KOHCTaToBaTX Jda cy Yy TOM Mnepuody npuvMensnBaHa
HajcaBpemMeHunja reogeTcka 3Haka U TeXHororuje y oBoj
obnactn. Mehytum reogetcka TexHonoruja Tora goba
6una je pecypCcHO 3axTeBHa W HeOOBOSbHO edmKacHa.
PecypcHa 3axTeBHOCT ornegana ce y YnktbeHvuum ga je
6uno HeonxogHo 06e36eQnTU BUCOKOKBaNMAMKOBaHY
pagHy cHary y [Oyrom BpPEMEHCKOM nepuogy [OoK je
HegoBOMbHa e@MKacHOCT 3Hauwuna ga o4 M3BpLUEHa
Mepera [0 WHTepnpeTauvje W aHanmMse KOHa4HMX
pesyntata Moxe Aa npofe U HEeKONMMKO Meceum LTO je
ca acnekta Moryhmx nocneguua no objekaT 6wuno
HenpuxeaTibMBo. M3 TOr pasmora cy npvMenuBaHa
pelwera Koja cy jeauHo Guna moryha a TO je ga ce
nocebHo Bplue ocmaTtpara Benukux 6paHa a nocebHo
ocmaTtpama y 30HU akymynauuja. MehyTtnm, ca acnekta
HeonxoAHOCTM Aa ce Aobwjy nHopmMaumje o0 noHallawy
TepeHa y 30HW [JejcTBa akymynauuvje, ca jeaHe wu
Tewkoha y peanusaumju reodeTckux Mepewa ca apyre
CTpaHe npucTynano ce KOMMNPOMWUCHOM pellewy. Tako
cy Benuke OpaHe ocmaTpaHe Yy MOMoXajHoOM U
BUCUHCKOM CMMUCMY AOK Cy 30He [gjcTBa akymynauuje
ocmMaTtpaHe camo Yy BUCMHCKOM CMUCIY.

Y nutepatypu ce mory Hahm nogaum Aa cy 3a akymy-
nauuje 6paHa ,hepaan 1 u ,hepgan 2“ BpleHa mepe-
Ha y MpPEXU HMBENMaHa BMCOKEe Ta4HOCTU Koja ce npo-
ctupana gyx obana akymynauuja (B. MunosaHosuh, Y.
LiBmjoBunh,1987 n B. MunosaHosuh, [1.B. Mnwwuh, 1987),

>Kapko Hectoposuh. gunn. reog. uHx., ,hepaan“ Knagogo,

nzarkoO7@gmail.com
Oou. op. Munan TpudkoBwuh, annn. reod. NHx.

paheBuHckn hakyntet, CyboTuua, milantri@eunet.rs

STRUCNI RAD
UDK: 528.41:627.8 = 861

1 INTRODUCTION

Intensive building of large dams in Serbia | second
half of 20™ century was characterized by very serious
approach on geodetic monitoring of dams state and
behavior. According to knowledge of authors about
project documentation from that time it could be said that
contemporary geodetic knowledge and technology of
that time is used in field of dam monitoring. However
geodetic technology of that time needed a lot of
resources and was not efficiently enough. It was
necessary to involve high educated surveyors in long
period of time and low efficiency meant that from the
measurement was finished to the results interpretation
and analysis a few months could pass, what was
unacceptable according to the potentially consequence
on dam safety. That is the reason why the only possible
solutions were utilized — the dams and reservoirs were
monitored separately. However, according to need for
information about land behavior in the zone of reservoir
influence, from one and having in mind effort needed for
geodetic surveying, on the other side compromise
solution was accepted. So, large dams were monitored
both in plane and in height sense, while the zone
influenced by reservoirs were monitored only in height
sense.

In literature is possible to find data that for reservoirs
of large dams “Djerdap 1I” and “DJerdap II” measure-
ments in high accuracy leveling network, which was laid
across the banks of lakes, were being done (B.
MwnosaHosuh, Y. LiBujoBuh,1987 n B. MunosaHoBuh,
0.B. Muwwmh, 1987), while at the same time, large dams
were monitored both in plane and in height sense, from
the, for that purpose specially projected and realized,
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JoK cy BpaHe ocmaTtpaHe M y NOMOXajHOM W Yy BUCWH-
CKOM CMMICIy Ca, 3a Ty CBPXY, NOCEOHO NpojekToBaHuX u
n3BegeHux reogeTckmx mpexa. [Npu Tome cy nojeguHm
pernepy HUBENMaHCKMX MpexXe 3a ocMaTpake BEnuKMX
O6paHa Ownn oppehvBaHW y OKBUPY HUBENMAHCKUX
Mpexa akymynauuja. HepgocnegHocT, ca acnekra 3a-
jeQHWYKOr ocmaTtpara y BMCMHCKOM CMUCIy, orfiedana
ce y TOMe LUTO Cy Mepetba Y HMBENMAHCKMM Mpexama
3a ocmaTtpake Benukux OpaHa BplweHa pAdBa nyTa
roavlikbe OOK CYy Mepera y HMBENMaHCKUM Mpexama
akymynauuja buna BpluieHa cBakux net roguHa. OBakaB
npucTyn je pasymrboumB 300r BenuuvMHe akymynauuja w
AyroTpajHMx npoueca Mepena LTo je 6buna nocneguua
CTara pa3Boja reogeTcke TexHorornje Tor BpemeHa.

HopaTHy Tewkohy 3a pa3Boj 2[] reogeTckux Mpexa,
0O rojaBe eneKkTpoONTUYKUX AarbvHoMmepa, npeacra-
Brbaso je AyroTpajHo Meperbe Ay>KUHa Koje Cy HeonxogHe
3a nNpaBunHy geduHnumjy pasmepe reoaeTckux Mpexa.

He Tpeba 3aHeMapuTu HU YnhbeHULY da je obpapa
reofeTckux nogaTaka, 4O MojaBe CaBpPeMEHWUX padyHa-
pa, NpeAcTaBrbana 3HavajHy akTMBHOCT Y OpraHv3auuju
reofeTckMx pagoBa Be3aHUX 3a OcMaTpare BEenuKMx
GpaHa.

Ca pasBojeM CaBpeMeHWX FreofeTCKux TexHonoruja
MHOTM of OBWX npobrnema cy enumuHucaHwn. Eduka-
CHOCT Mepeha AyXMHa CKOpO je gocturna egukacHocT
onaxaka npaeaua [oK je Ta4HOCT 3HayajHo nosehaHa.
Y oBUM ycnoBumMa MoOCTaBrba Ce NuTawe fa nu je
moryhe npowwuputn reogetcke 2[1 mMpexe koje cy
npeBacxo4HO CryXwurne 3a ocMaTpake Benukux 6paHa
Ha HauuH Koju omoryhaBsa fa ce y MICTOM KOOpAUHATHOM
CcMUCTeMy reodeTCku ocMaTpa 4uTaB CUCTEM: W Bernuka
6paHa u akymynauuja.

Mmajyhn y Buay ummseHunuy fa cy reopgetcke 2[]
Mpexe 3a ocMmaTpawe Benukux OpaHa KBanuTeTHO
NpojekToBaHe NUTake Ce MOXe MOCTaBUTW NpeuunsHuje:
«Ja nu npowmupewe reogeTckux 2[1 mMpexa [onpyvHOCK
noborblaky TayHOCTV odpefuBara cTakwa M noHala-
ba objekaTa u akymynauuje?”. YKOnuKo je oarosop
nosuTnBaH To OM 3Ha4YMNO da ce reogetcka 2[1 Mpexa
MOXe NPOLUMPUTU N A3 CBU UCTOPUjCKUN 3aKIbyyLim Baxe.
Y npotMBHOM 6uno 6u HeonxodAHO da ce oOBa [ABa
cMcTema ocMaTpajy U aHanuampajy nocebHo.

Tpeba uctahu ga cy npBoOGutHM npojektn 2[ reo-
petckux mpexa y Cpbujy yrmaBHOM nogpasymeBanu
onaxawe npaBaua. [Npowwvpere reogeTckux mpexa,
nopen nosehawa 6poja Tavaka Tpeba ga nogpasymesa
M MPOMEHy MnnaHa onaxarwa OJHOCHO Ja Cce Mepe U
OYXKVHE Yy Mpexu B6uno npumMeHoM TOTanHuMxX CTaHuua
6uno npumeHom ITIC TexHonoruje.

Y oBoM pagy pa3maTpajy ce yTuuaju npowmpera 2[
reodeTCkuxX Mpexa Ha TayHoCT ogpehuBara pacTojara
1 npasaua usmehy Tayaka. YKonuko ce odysa jegHakocT
TayHOCTW oapefuBara OBUX BENUYMHA Ca NPOLUMPEHEM
NoYeTHUX reodeTCKUX Mpexa M ca MPOMEHOM nnaHa
onaxara oHAa je moryhe y OKBUpY HOBE Mpexe aHanu-
3upaTi 1 NoHawawe objeKkTa 1 NoHallake akymynauuja
Yy UCTOM KOOpPOMHATHOM CUCTEMY.

2 PA3MATPAHU TUNOBU 20 TEOOETCKUX
MPEXA 3A OCMATPAHE BEINTUKUX BPAHA

Koa ocmatparwa Benukmx 6paHa y Cpbuju y nono-
ajHOM cMucny KopuwheHe cy MUKPOTPUTOHOMETpUjcke

geodetic networks. At the same time some of the
benchmarks used for the purpose of zone influenced by
lakes were included in networks for large dams
monitoring. Inconsistency laid in the fact that large dams
were monitored twice a year, while the reservoirs
influence zone was monitored once in five years. This
approach was reasonable according to long time needed
for measuring process in zone of reservoirs influence
and the state of art in the geodetic technology develop-
ment.

Additional problem for 2D geodetic networks
development, until electronic distance meters were
made, was long time lasting distance measurement
which are necessary for right scaling geodetic networks.

It is important to say that data processing of geodetic
data, until contemporary computing machines were
made, was very hard and time consuming activity in the
geodetic works organization, connected with large dams
monitoring.

Contemporary development of geodetic technologies
most of this problems were eliminated. Efficiency of
distance measurements is as almost as the efficiency of
directions measurements while accuracy is significantly
increased. In this conditions it is possible to ask
question: “Is it possible to enlarge 2D geodetic networks
which were utilized in large dams monitoring in the way
which allows that, in the same coordination system,
geodetic monitoring of the whole system: both reservoir
and large dam?”

Having in mind the high quality of 2D geodetic
networks for large dam monitoring the question could be
put in more precise manner: “does the enlargement of
2D geodetic network could contribute to accuracy on the
state and behavior of objects and zone of reservoir
influence?”. If the answer is affirmative it would mean
that that geodetic network can be enlarged and all
historical data are available. In the opposite case it
would be necessary to monitor these two systems
separately.

It is needed to say that those projects of 2D geodetic
networks in Serbia have been projected with direction
measurements as default measurements. Enlargement
of geodetic 2D networks, despite the number of points
enlargement, should be empowered with changing the
plan of measurement, ie. to provide distance
measurement with GNSS or electronic distance meters.

In this paper research is focused on accuracy of
distance and directions determination influenced by
enlargement of 2D geodetic network. If the accuracy will
remain the same after enlargement 2D geodetic
networks and measurement plans change then it is
possible to analyze state and behavior of object and
zone of reservoir influence in the unique coordinate
system.

2 MODELS OF 2D GEODETIC NETWORKS
CONSIDERED IN THIS PAPER

For large dam monitoring, in the plane sense, in
Serbia the microtrigonometric geodetic networks were
utilized with measured directions. Networks’ scale was
determined once during the first measurement. Each
new measurement was adjusted with null series’
coordinates as the approximate values and those
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Mpexe Yy Kojuma cy onaxaHu npasuu. Pasmepe mpexe
oppehuBaHe cy nNpunukoMm HynTor Mepewa. Kog csakor
HapeoHoOr M3paBHaha ycBajaHe Cy HynTe KoopauHate
Kao npubnmkHe uume je pedmHUcaHa w  pasmepa
Mpexe. [eomeTpuja Mpexe ycnoBrbeHa je ycrnosvMMa Ha
TepeHy 1 ocMaTpaHuM Tadkama Ha 6paHu.

Y oBom pagy he ce pasmatpatu Tpu mogena 2[
reofeTckmx Mpexa:

- Mpexa ca net Tayaka y 6nu3vHu OpaHe, gecer
Tayaka Yy 30HM [JejcTBa akymyrnauuje M OOHOCOM
npoceyHe OyXuHe cTpaHa noyetHe u HoBe Mpexe 1:11
(mogen 1),

- Mpexa ca TpuHaecT Tayaka y OnNua3nHu Benuke
OpaHe, geceT Tayaka y 30HM akymyrnauuje u 0gHOCOM
npoceyHe AyXUHe CTpaHa noveTHe u HoBe mpexe 1:8
(mogen 2) n

- Mpexa ca gBaHaecT Tayaka y 30HM OpaHe, wwecT
Tayaka Yy 30HM [JejcTBa akymyrnauuje M O[HOCOM
npoceyHe AyXUHe CTpaHa noveTHe u HoBe mpexe 1:5
(mogen 3).

Kop cBux pasmatpaHux mogena Benvka 6paHa 6uhe
anpokcummpaHa ca net Tadyaka Ha kojuma he ce npaTntn
NpoOMeHe KapakTepucTuka TayHocT. Ha  ocHoBy
npoMeHe TayHOCTH ofpefnBara pacTtojaka v npasaua
nm3mehy oBuMx Tadaka goHocuhe ce 3akrbyyuu o yTuuajy
npoLumpensa 2[1 reogeTckmx Mpexa.

3 TEOOETCKE TEXHOIIOIMMJE 3A MEPEWAY 2
MPEXAMA

3a ocmartparbe Benuknx GpaHa mory ce Kopuctutu u
KnacudHe Tepectpuyke TexHonoruje u NMC texHonoruje.
MUKpOTPUroHOMeTpHjcke Mpexe 3a ocMaTpake BEMUKMX
OGpaHa cy nouupaHe y HernocpegHoj 6nu3vHN objexkTa u
yrmaBHOM Cy OyXuHe cTpaHa Mawe od 1 km pgok je
npoceyHa AOyXuHa CTpaHe jow Maka. Y OBaKBUM
ycnosuma Moryhe je MepuTu [OyXuHe W onaxaTtu
npasue. [paBunHUM KOMOWHOBakeM Mepera OBUX
BeNnnyrMHa MoXxe ce NocTuhn BUCOK KBaNWUTET re0AeTCKMX
mpexa. [TIC TexHonmorvja Moxe ce KOpUCTUTM 3a
mMeperbe Behux AyXuHa y Mpexu unu 3a gyxuHe uuje ce
Kpaje Tadke He pornefajy. [lpema npocnekTuma
npoussohjaya reogeTcke onpemMe TayHOCT OnaxaHor
npasuUa AOCTMXe BpedHoCT S, = 0.5", a Ta4HOCT Mepe-
Ha ayXuHa BpeaHocT Sq = 0.6mm + 1ppm

Metoge rnobanHor nosuuunonupara (IMC meToae)
mMory poctuhu TayHoCT oapehuBaka AyXuHa of
Sqg=3 mm+ 0.5ppm go sq =5 mm+ 1ppm Kako ce pagu
0 KpaTKMM pacTojawuma y reogetckum 2] mpexama 3a
ocmatpakwe Benukux 6paHa Tpeba kopuctutn [TIC
onpeMy Koja AOCTWKe MakcumanHy moryhy Ta4yHOCT u To
caMO 3a Tayke Ha Behum pacTojamuma Koje ce He
gornegajy. Y osBom pagy Hehe ce pasmartpaTtu ytuuaj
IMIC wmepetba Ha kapakTepucTuke reogetckux 2[1
Mpexa.

4 MATEMATUYKU MOOEN TrEOOETCKUX MPEXA

MaTtemaTnykn mogen u3paBHara reogeTckux Mpexa
rnacu (W.F. Caspary,1987 n I". lNeposuh, 1986):

coordinates determined the scale of network. Networks’
geometry was determined by field conditions and with
benchmarks on the dam.

In this paper three models of 2D geoteic networks
will be considered:

- Network consisted of five points near large dam,
ten points in zone of reservoir influence and relations
between average distances of starting and new networks
is 1:11 (model 1),

- Network consisted of thirteen points near large
dam, ten points in zone of reservoir influence and
relations between average distances of starting and new
networks is 1:8 (model 2) and

- Network consisted of twelve points near large dam,
six points in zone of reservoir influence and relations
between average distances of starting and new networks
is 1:5 (model 3).

Each considered model will include large dam
approximated with five points (benchmarks) which will be
the object of research how the characteristic of accuracy
are being changed. Change of accuracy of distance and
directions between considered points (benchmarks) will
be the base for conclusions on networks enlargements
influence.

3 GEODETIC TECHNOLOGIES FOR SURVEYING 2D
GEODETIC NETWORKS

For large dams geodetic monitoring it could be either
classical terrestrial or GPS technologies utilized. Micro-
trigonometric networks for large dams monitoring are
located near large dam with distance between points no
larger than 1 km, while the average distance is even
smaller. Under these conditions it is possible to measure
distances and directions. Regularly combining these
measurements it is possible to attain high quality of
geodetic network. GPS technology can be utilized for
distance measurement between the points which are not
visible from each other. According to producer prospects
of geodetic equipment the accuracy of direction which
could be achieved is s, = 05", and accuracy of a
distance measured could be s4 = 0.6mm + 1ppm.

Global positions methods could achieve the accuracy
of distance at a rate of s4 = 3 mm + 0.5ppm to
sq =5 mm+ 1ppm. As distances are short in 2D geodetic
networks of interest in this paper it is needed to use GPS
equipment with maximum accuracy and only for longer
distances and between point which are not visible from
each other. In this paper we won’t consider the GPS
measurement influence on investigated variables.

4 MATHEMATICAL MODEL OF GEODETIC
NETWORKS

Mathematical model for geodetic network adjustment
is (W.F. Caspary,1987 n I". lNeposuh, 1986):

v=Ax— I (1)
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PelwwaBanem cuctema jegHaumHa (1) y3 ycnose

Solving equation system (1) under conditions

v" Py = min

x'x =min

x = (ATPA)*ATPI = QA" PI

roe je:

- N — BEKTOp nornpasaka pesynraTa Mepeta,

- A — maTtpuua KOHCTaHTHUX koeduLmjeHaTa,

- X — BEKTOP HenosHaTux,

- | — BekTOp onaxara u

- P — maTtpuua TexuHa.

[eTtarbaH onuc kputepujyma Ksanuteta reogeTcKkux
Mpexa mory ce Hahu y nutepatypu (W.F. Caspary,1987
n T. HuHkos, 1989). MNpema (T. HuHkoB., 1989; K. Muxan-
nosuh un W.P.Anekcuh,1994) kputepujymm mory 6utu
nokanHu u rnobanHn. Kaga ce ynopehyjy kapakrepnctu-
Ke reodeTckMx Mpexa y NojeAuHWM Tadkama unu no
NoOjeANHNM UWUIbHUM DYHKUMjaMa KOpUCTE Ce FoKarHu
KpUTEPUjyMKU KBanuteta [OK ce 3a nopehewe ase
Mpexe KopucTe rnobanHu kputepujymu. JlokanHu kpute-
pujymn cy BpeoHOCTW NOjeAuMHUX napameTtapa Ksanwu-
TeTa recfeTckMx Mpexa (enurnce rpeluaka, yHyTpawsa
M ChnorbHa MOY34aHOCT, cpedwa rpelka QyHKumje
n3paBHaTe BenuuvHe) oK rnobanHu KpuTepujym npea-
CTaBrbajy cpefHe BpegHOCTU OBUX NapameTapa.

Cpenta kBagpaTHa rpeluka (aucnepsuja) dyHkumje
n3paBHaTe BenuuuMHe oppefyje ce no dopmynu
(K.Munxaunnosuh, N.P.Anekcuh,1994):

where:

- n —outlayers vector,

- A —matrix of coefficients,

- X —vector of unknown variables,

- | — measurement vector and

- P —matrix of weights.

Detailed description for quality criteria of geodetic
networks could be find in literature (W.F. Caspary,1987
and T. HuHkoB,1989). According to (T. HuHkos, 1989; K.
Mwnxaunosuh and W.P.Anekcuh,1994) criteria could be
local and global. For comparison characteristic of
geodetic networks in particular points local criteria
should be utilized, while for comparison of all networks
global criteria should be utilized. Local criteria are the
values of particular parameters of geodetic networks
quality (error ellipses, internal and external ..., average
value of adjusted function), while global criteria are the
average of these values.

Dispersion of adjusted function is determined by
formula (K.Muxaunnosuh, U.P.Anekcuh,1994):

of =o639' Q.9 @)

roe je:
- s ,% — avcnepanja yHKuuje n3paBHaTe BENUYMHe,

- sg — yCBOjeHa avcrnepsuvja Mepewsa,

- g — BEKTop KoeduuujeHaTa TpakeHe BENUYmHE,

- Qy — maTpuua kodhakTopa.

Op vHTepeca 3a 0Baj pap jecy rpelike dyHKUmMja
M3paBHaTUX BENWYMHA [OYy)XMHA W npaBaua wusmehy
Tayaka Ha objexTy.

5 AHAIIM3A MOOENA FrEOAETCKUX 201 MPEXA

YTtBphuBawe yTuuaja npowuvpera reodeTCcKux
Mpexa Ha noctojehe mpexe Bpwuhe ce nopeherem
cpefrux rpewaka npasaua v gyxuHa AeduHUCaHnX
Taykama Ha objeKTy.

Ceaka BapujaHTa Mpexe aHanu3upa ce ca
cnefgehum nnaHoBMMa onaxara:

- MnaH onaxana obyxBaTa camo npaBsLe Y NOYETHO]
MpEexu;

- Mnan onaxawa obyxBaTa npaBuLe W OyXuHe Yy
NOYETHO] MPEeXu;

- MnaHn onaxawa obOyxsaTa npaBuUe Yy MOYETHO]
MpEeXu 1 NpasLe U AyXMHE Y NPOLUMPEHO] MPEXU U

- Mnan onaxawa obyxBaTa onaxake npasaua U
Mepere Ay>XUHa Y LIernoj Mpexu.

3a aHanu3y reopgetckux 2] mpexa kopuctuhe ce
KapakTepUCTUKE reofeTCKe TEXHOMNOruje BPXYHCKUX
nepcopmMaHcu Koje ce Mory Hahy Ha TPXULUTY:

where:
-'s ,% — dispersion of adjusted function,

- s& —adopted value of measurement dispersion,
- g - vector of coefficients of asked function,
- Q4 — cofactors matrix.

In this paper we will consider the dispersion of
adjusted functions directions and distances between
points on object.

5 ANALYSIS ON MODELS OF GEODETIC 2D
NETWORKS

Determination on influence of enlarged geodetic
networks to actual geodetic networks will be done by
comparison of averaged dispersion of directions and
distances between points on object.

Every variant of geodetic network is analyzed with
measurement plan:

- Only directions in
monitoring;

- Directions and distances in geodetic network in
geodetic network for dam monitoring;

- Only directions in geodetic network for dam
monitoring and directions and distances in enlarged part
of the geodetic network and

- Directions and distances in whole geodetic
network.

For analysis of 2D geodetic networks we will use the

geodetic network for dam
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- 3a onaxaHe npasue s, =0.5"n

- 3@ MepeHe [yXuHe ToTanHoM
Sqg=0.6mm+ 1 ppm

Mopeherwe aucnepsuvja msspwmnhe ce TecTuparem
xunoTtesa o jegHakoctn aucnepauja (™. MNeposuh,1984).
Xunotese, y onwrtemM obnuky, rnace:

Ho: aucnepavje uspaBHaTUX BPEAHOCTU TpaXKeHMX
BenuumHa (Npasaua, AyXuHa) y OBe BapujaHTe Mpexe
Cy jeOHake,

Ha: aucnepavje uspaBHaTUX BPEAHOCTU TpaXKeHuX
BenuumHa (Npasaua, AyXuHa) y OBe BapujaHTe Mpexe
HUCY jeaHake.

Oucnepauje, y cny4yajy Hynte xunotese, cnege F
pacnogeny ca f; uf, creneHn cnobopge.

CTaHULIOM

Ho: Ffl:."'z =

AHanusa ce BpWKM 3a HUBO 3Ha4ajHocTn a=0.05 wn
a=0.01. bpoj ctenenn cnoboae 3aBucu of 6poja 1 BpcTe
MepeHux BenuuuHa y 2[1 mpexw. PasmaTpajy ce cse
KOMOMHaLMje BapujaHTU Mpexa, KOjux MMa yKyrHO LUECT,
3a cBaku Mofen reogetcke 2[] Mmpexe.

5.1 MOQOEN 1

Mpeu mogen 2[1 reogeTcke Mpexe npeacTaBrba
MWKPOTPUIOHOMETPUCKY MpPEXY KOjy cayumsbaBa neT
Tayaka M ca Koje ce ocMaTpa neT Tayaka Ha ObjeKTy.
MpowwupeHa mpexa pobuvja ce gogasaweM jow aeceT
Tayaka gyx akymynauuje. OpurmHanHu nnaH onaxara
obyxsaTa camoO onaxare npasBaua y MPeXu OOK HOBU
nnaH onaxaka obyxBaTa onaxare npasaua U Mepexe
ayxuHa. Ha cnvum 1 npukasaH je obnuk reogetcke 2[
mpexe. NpoceyHa AyXuHa CTpaHe Yy MOYETHO] MpEexXu
nsHocn npubnmkHo 200 m, [OK MpOCeYHa AyXuHa
CTpaHe y NpoLUMPEHOM Aeny Mpexe U3HOCU NPUONMKHO
2300 m. O6nmk Mpexe npukasaH je Ha cnvum 1.

?".f’i’-l’:'4

geodetic technology with highest performances which
could be find on the market:

- For directions s, =0.5" and

- For distances sq=0.6 mm+ 1 ppm

Comparison will be performed by testing statistical
hypothesis about equality of dispersion (I".[MepoBuh,
1984). Hypothesis are:

Ho: Dispersions of adjusted values (directions,
distances) are equal in two variants of networks,

Ha: Dispersions of adjusted values (directions,
distances) are not equal in two variants of networks.

Dispersions, in the case of null hypothesis, are
following the F distribution with f; and f, degrees of
freedom.

So we have:

2

2 ~F —it;f1:f7
Fi

Analysis is being done for significancy levels a=0.05
and a=0.01. degrees of freedom are dependent of the
number and kind of measured values in the particular 2D
geodetic network. Every combination of 2D geodetic
networks is considered, six is amount.

5.1 MODEL 1

The first model of 2D geodetic network is micro-
trigonometric consisted of five points from which the five
points on a large dam are monitored. Enlarged geodetic
network is given by additional ten points in reservoir
zone, five on each side of it. The original measurement
plan includes only directions, while new measurement
plan include directions measurement and distance
measurement as well. On the figure 1 the shape of
geodetic 2D network for model 1, is given. Average
distance in this model is approximately 200 m in network
for dam monitoring and approximately 2300 m in
enlarged part of the network.

Criuka 1. Obnuk mpexe — modesn 1
Figure 1. Shape of the network — model 1

Y tabenu 1. gate cy BPEQHOCTU Cpearux rpeliaka
M3paBHaTUX nNpaBaua W AOyXuHa usMehly Tayaka Ha
OpaHu. Y Tabenu 2. gatum cy pesyntatu TecTvpama
XurnoTesa O jeAHaKoCTU CpefHUuX rpellaka TpaXkeHuX
BEMNMYUHa.

JeaHakoCT TayHOCTU TPaXEHUX Benu4uvHa, y NpBOM
pasmaTtpaHoM mogeny, gobuja ce 3a:

- NOYETHY MpEeXy M NOYETHW NnaH onaxawa (Bapu-
jaHTa 1) n HOBY MpeXxy Kaaa ce y MOYeTHOM Aeny Mpexe
npuMeksyje NOYETHN NNaH onaxara (BapujaHta 3) n

- NOYETHY MpPEXy Ca HOBMM MfaHOM onaxakwa U
HOBY MPEXY Ca HOBUM MM1aHOM Onaxakba.

In table 1 the values of mean errors of adjusted
directions and distances between points on dam are
given. In table 2 the results of hypothesis testing about
equality of mean error of directions and distances.

Equality of accuracy of searched directions and
values is found for:

- Network for dam monitoring and with measured
directions (variant 1) and new network with measured
directions in the its part for dam monitoring (variant 3)
and

- Network for dam monitoring with measured
directions and distances and new network with new
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Y octanum BapujaHTama pobuja ce Beha TaydHoOCT
oapehuBara TpaKeHUX BenuyuHa Kaga ce npuMerbyje

HOBa MpeXxa ca HOBMM NMj1aHOM onaXkaka.

measurement plan.

Other variants give a better accuracy of researched

values.

Tabena 1. Peaynmamu aHanuse eeodemcke 2[] mpexe (Moden 1)cpedme epeuwike
yHKyUja uspasHamux rpasauya u OyxuHa
Table 1. Results of 2D geodetic network analysis (model 1) of mean error of considered
directions and distances

BapwujaHTta 1 2 3 4
(Variant) f.=24 f, =68 f;=91 f,=138
Oon Oo
(From)| (To) M Mg My My My My m, Mg

1 2 1,22 0,40 0,71 0,29 0,90 0,39 0,76 0,29
2 3 1,38 0,38 0,80 0,28 1,02 0,40 0,86 0,29
3 4 1,74 0,39 1,14 0,28 1,54 0,44 1,31 0,29
4 5 1,60 0,47 0,97 0,28 1,56 0,49 1,30 0,31
Cpepuna 1,49 0,41 090 | 028 | 125 | 043 | 1,06 0,29
(Variage)

Tabena 2. Peaynmamu aHanuse eeodemcke 2/[] mpexe (Moden 1) pesynmamu mecmupara xurome3sa
Table 2. Results of geodetic 2D network analysis (model 1) results of hypothesis testing

i, (Vi) = ﬁ!n{vfj Hy (V)= ﬁu{ﬂ} Hy
1 2,7021 HE 2,1249 HE
2 1,4020 OA 1,0829 OA
3 1,9737 HE 1,9737 HE
4 1,9274 HE 2,3012 HE
5 1,3691 JA 1,0900 OA
6 1,4078 HE 2,1111 HE
5.2 MOQEN 2 5.2 MODEL 2
Opyrv  mopgen 2[1 reopetcke Mpexe npeacrasrba Second model of geodetic 2D network represents

MUKPOTPUrOHOMETPUJCKY MPEXY KOjy cayuwaBa neT
Tayaka M ca Koje ce ocMaTpa neT Tayaka Ha ObjeKTy.
MpowwupeHa mpexa pobuvja ce gogaBaweM jow aeceT
Tayaka gyx akymynauuje. OpurmHanHu nnaH onaxara
obyxsaTa camoO onaxake npasBaua y MPeXu OOK HOBU
nnaH onaxara obyxBaTa onaxare npasaua U Mepexe
ayxuHa. Ha cnvum 1 npukasaH je obnuk reogetcke 2[
mpexe. [lpocevyHa AyXMHA CTpaHe y MNOYETHOj MPEXu
m3Hocu npubnmxkHo 400 m, OOK MpocevHa AyXuHa
CTpaHe y NpoLUMPEHOM Aeny Mpexe U3HOCU NPUONMKHO
3300 m. O6nmK Mpexe NpukasaH je Ha cnuum 2.

Y pgpyrom pasMaTpaHoM Mogeny reogetcke 2[
Mpexe CKOpo [fa Hema BapujaHTu ca jegHakoMm
TayHowhy oppefuBawa TPaXKeHUX BenNuYuHa OcuM
npaesaua y BapujaHTM 2. Y OBOM Cny4vajy cpenme
BpeOHOCTU rpelaka gyHKuMja uspaBHaTUX BeNUYMHa
Hucy pobpu nokasaTerbu kBanuteTa Mpexe 36or
BENUKMX pasnuka naMmehy MruHUManHux n MakcumanHmx
BPEOHOCTU CpeamwuX rpellaka TPaxeHWX BenuyMHa u
notpebHe cy AogatHe n AeTarbHe aHanu3e kKako 6u ce
OOHENM KOHa4YyHW 3aKkrbyyuum W oanyke o kopuwhery
OBOr Mofena reogetcke 2[1 mpexe 3a UCTOBPEMEHO
npahetbe NoHalwakwa bpaHe 1 akymynauuje.

micro-trigonometric network consisted of thirteen points.
Enlarged network is consisted of ten points near the
reservoir, five points on each side of it. Originally
measurement plan is to measure only directions, while
the new measurement plan is to measure directions and
distances. Figure 2 shows the shape of geodetic 2D
network. Average distance in this model is approximately
400 m in network for dam monitoring and approximately
3300 m in enlarged part of the network. In table 3 the
values of mean errors of adjusted directions and
distances between points on dam are given. In table 4
the results of hypothesis testing about equality of mean
error of directions and distances.

In the second considered model of 2D geodetic
network there is almost no variant with equally accuracy
of researched values, except the directions in variant 2.
In this case the average values are not good criteria of
geodetic network quality because of big difference
between minimum and maximum values of mean square
errors of directions and distances. This case needs
additional detailed analysis before the decision about
how to monitor dam and zone of reservoir influence.

38
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Criuka 2. Obnuk Mpexe — modes 2
Figure 2. Shape of the network — model2

Tabena 3. Peaynmamu aHanuse azeodemcke 2[] mpexe (Moden 2) cpedre epewke pyHKyuja
u3pasHamux rpasaua u OyxuHa
Table 3. Results of 2D geodetic network analysis (model 2) of mean error of considered
directions and distances

BapwujaHTta 1 2 3 4
(Variant) f, = 47 f, = 140 f3= 112 f,= 210

On o

(From) (J.:I_lo) mp My mp My mp My mp My

1 2 1,03 0,86 0,41 0,39 0,74 0,98 0,37 0,63
2 3 1,32 0,96 0,83 0,52 1,22 0,91 0,87 0,61
3 4 1,69 0,98 1,18 0,52 2,45 1,26 1,46 0,61
4 5 2,70 0,99 1,74 0,46 3,54 1,59 2,31 0,58
Cpeauna 1,68 0,95 1,04 047 | 1,9 | 1,19 1,25 0,61

(Average)

Tabena 4. Pesynmamu aHanuse 2zeodemcke 2/[] mpexe (Moden 1) peaynmamu mecmuparsa xuriomesa
Table 4. Pesults of geodetic 2D network analysis (model 2) results of hypothesis testing

i, (Vi) = ﬁ!n{vfj Hy (V)= ﬁu“’;} Hy
1 2,6281 HE 4,0455 HE
2 1,3938 OA 1,5545 HE
3 1,8109 HE 2,4378 HE
4 3,6630 HE 6,2887 HE
5 1,4512 HE 1,6595 HE
6 2,5241 HE 3,7895 HE

5.3 MOQOEN 3 5.3 MODEL 3

Tpehun mopen 2[1 reogetcke mMpexe npeacTaBiba
MUKPOTPUrOHOMETPUJCKY ~ MpEeXy  KOjy  cayunaBsa
ABaHaecT Tayaka u ca Koje ce ocMaTpa MneT Tadaka Ha
06jexTy. lNpowmpeHa mpexa aobuja ce AogaBakeM joL
cegaM Tayaka Oyx akymynauuje. OpurvHanHui nnad
onaxara obyxBaTa caMo Onaxare npasaua y Mpexu
[OOK HOBM NnaH onaxana obyxBaTa onaxare npasaua u
Meperbe AdykuHa. Ha cnvum 3 npukasaH je obnuk
reogetcke 2[1 mpexe. [lpoceyHa [OyXuHa cTpaHe y
NOYETHOj MpEexXu wusHocu npubnmwkHo 200 m, Aok
npocevyHa AyXuMHa CTpaHe y NPOLUMPEHOM Aeny Mpexe
m3Hocu npubnwkHo 1000 m. Y Ttabernu 5 pate cy
BPEOHOCTU CpefruX rpellaka mspaBHaTuX npasaua u
OVIPEeKUMOHMX yrroBa Tayaka Ha Opanu. Y Tabenu 6
AaTtn cy pesyntatn Tectupaka XunoTtesa O jeqHaKocTu
cpenrux rpellaka npasaua v gyxuHa.

JegHakoCT TaYHOCTU TpaxXeHnx BenuyunHa, y tpehem
pasmaTtpaHoM Mogeny, Aobuja ce 3a MOYETHY MPEXY u
NOYETHN MNaH onaxaa (BapujaHTa 1) n HOBY Mpexy ca
HOBWM MMaHOM onaxana (BapujaHTa 4).

Third model of 2D geodetic network represents the
micro-trigonometric network consisted of twelve points.
Enlarged network is consisted of additional seven points
near reservoir. Originally measurement plan includes
only directions measurement, while new measurement
plan includes directions and distance measurement.
Figure 3 shows the shape of geodetic 2D network.
Average distance in this model is approximately 200 m
in network for dam monitoring and approximately 1000
m in enlarged part of the network. In table 5 the values
of mean errors of adjusted directions and distances
between points on dam are given. In table 6 the results
of hypothesis testing about equality of mean error of
directions and distances.

Equality of accuracy for searched values, in third
model, is for network for dam monitoring and mea-
surement plan with measured directions only (variant 1)
and for measurement plan for new enlarged geodetic
network with measured directions and distances (variant
4).
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Cniuka 3. O6nuk mpexe — modern 3
Figure 3. Chape of the network — model3

Tabena 5. Peaynmamu aHanuse azeodemcke 2/[] mpexe (Moden 3) cpedre epewke pyHKYuja
u3pasHamux rpasaua U OyuHa
Table 5. Results of 2D geodetic network analysis (model 3) of mean error of considered
directions and distances

BapwujaHTta 1 2 3 4
(Variant) f, = 59 f,= 161 f,= 94 f,= 203
Oon Oo
(From) [ (To) | ™ Mq My Ma My My mp My

1 2 | 047 | 039 | 037 | 030 | 1,53 | 0,77 | 0,45 0,41
2 3 | 1,67 | 041 | 1,53 | 0,33 | 2,02 | 0,71 | 1,57 0,40
3 4 | 167 | 042 | 155 | 033 | 314 | 081 | 1,71 0,40
4 5 | 185 | 044 | 167 | 033 | 420 | 0,87 | 1,88 0,40
Cpeauna 1,42 | 042 | 1,28 | 032 | 272 | 0,79 | 1,40 0,41
(Average)

Tabena 6. Peaynmamu aHanuse 2zeodemcke 2/[] mpexe (Moden 3) peaynmamu mecmuparsa xuriomesa
Table 6. Results of geodetic 2D network analysis (model 3) results of hypothesis testing

mpl:llrl'.] = E!;!{Vj:l HD mﬂ[p’]} = ﬁld{vj} HD
1 1,2272 JA 1,6548 HE
2 3,7009 HE 3,6145 HE
3 1,0184 JA 1,0503 JA
4 4,5419 HE 5,9813 HE
5 1,2051 JA 1,5755 HE
6 3,7690 HE 3,7963 HE

6 3AKIbYYAK

Ha ocHOBY npuvKasaHux aHanuM3a 3akrbyyyjemo
cnegehe:

- npowwuperse reogetcke 21 mpexe mogena 1 nma
3a nocneguuy noctusarwe 060rbe TaYHOCTU TPAKEHUX
BeNnYMHa y 04HOCY Ha NoYeTHy BapujaHTy;

- npowwmperse reogetcke 2[1 mpexe mogena 2 uma
3a nocneguuy noctusarwe 060rbe TaYHOCTU TPAKEHUX
BeNnYMHa y 04HOCY Ha NoYeTHy BapujaHTy;

- npowwmperse reogetcke 2[1 mpexe mogena 3 uma
3a nocneguuy nocTu3ake WUCTEe TaYHOCTU TPaKeHUX
BeNnYMHa y 04HOCY Ha NoYeTHy BapujaHTy;

- OCMM 3a mofen 3, cBe NnojeAvHayHe oLeHe TavHo-
CTW TpaXeHnx Benu4mHa Behe cy 3a NpoLUMpPeEHy Mpexy
Yy OQIHOCY Ha NOYETHY MpEXyY n

- nocrtojeha ofcTynawa y nojeauHum Moaenuva
Koja ce orneaajy y 4UmmeHnum aa ce 3a nojeguHe mopne-
ne xvnoTese 0 jefHaKoCTU Ta4yHOCTM Npasaua npuxea-

6 CONCLUSION

According to the results of analysis it could be
concluded as the following:

- Enlargement of 2D geodetic network for model 1
gives the better results compared to network for dam
monitoring only;

- Enlargement of 2D geodetic network for model 2
gives the better results compared to network for dam
monitoring only;

- Enlargement of 2D geodetic network for model 3
gives the better results compared to network for dam
monitoring only;

- Except model 3 all estimate of accuracy are better
for enlarged network related with starting network and

- Existing deviations in results for achieved accuracy
of directions and distances which resulting in rejections
some of hypothesis are the base for further inve-
stigations in this field.
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Tajy OOK Ce Xunote3e O jeQHaKOCTU TayHOCTU OyXuHa
onbauyjy ykasyjy Ha HEeOnXOA4HOCT AoOAaTHUX UCTpaxu-
Bah-a y 0BOj obnactu.

eHepanHo ce MOXe 3aKibyuuTu Aa je, y3 npumeHy
HajcaBpeMeHujux reodeTckMx WHCTpymeHaTa, Moryhe
M3BPLUMTM NpoLuMperse reogetckux 2[1 mpexa n ocma-
Tpate OpaHa u akymynauuja y UCTOM KOOPAWMHATHOM
cuctemy 6e3 yrpoxaBara KOH3UCTEHTHOCTU WCTOPWj-
CKUX nogaTtaka O CTawy M noHawawy bpaHa. Harnawa-
BaMO [Ja ce MOMEHYTM 3akibyyuu OAHOCe camoO Ha
pasmaTpaHe cny4ajeBe, KOjU Cy MOOENCKM WU KOjU Yy
npakcuM MOry MMaTu 3HayajHa ofcTynawa Te je Heon-
XOOHO NOCEOHO aHanuaupaTu CBaKy KOHKPETHY reo-
petcky 2[1 Mpexy W HEeHO €BEeHTyarHO MpoLvpeH-e.
Mpoueryjemo Oa 3Hayaj oBOr paga Tpeba TpaxuTn y
YMHbEHVMUM O3 Ce Ha cajallkeM pas3Bojy reogercke
TEXHOMOornje MoXe MpOoLWWUPUTM 3agatak ocmaTpaka
BenukMx 6paHa u Ha ocmaTtpame Tna u objekaTa y 30HM
gejctBa akymynauuja, 06e3 yrpoxaBara KOH3WUCTEH-
THOCTW UCTOPWjCKMX 3aKIbyyaka.
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PE3NUME

3AJEAHNYKO rEOAETCKO OCMATPAHE
BEJINKUX BPAHA U AKYMYITALIMJA

XKapko HECTOPOBUR
Munax TPUOKOBUR

3ajeqHnNYKO reoeTcko ocMaTpare BENUKMX GpaHa u
akymynauuja Huje 6uno npegmMeT 3HavajHuX pasma-
Tpawa y nocrtojehoj npakcu n nutepatypu y Cpbuju.
lMpeTncTaBka ayTopa OBOr paja jecte YnhweHuua ga je
reogeTcka TexHomorvja y npowrnoctu 6una rnaBHM
orpaHnyaBajyhu akTop UHTerpanHor npucTyna 3ajegH-
WNYKOM reofeTCKOM ocMaTpaty Benukux 6paHa u Huxo-
BMX akymynauuja. ¥ oBoMm pagy ce nopf 3ajeQHUdKuMm
ocmaTtpakem nogpasymeBa NocTojake M peanusauuja
reofeTckux Mpexa Koje Cy MnpojeKkToBaHe [Ja OArosope
3axTeBMMa npaherwa noHalwawa Tadaka Koje anpo-
KCUMMpajy Benuky 6paHy 1 30Hy AejcTBa akymynauuje u
y KojuMa ce Meperba BpLle MO jeAUHCTBEHOM MnaHy
onaxawa y CBakoj cepuju mepewa. Ll osor paga
jecte pga vctpaxu MoryhHOCTWU 3ajeqHUYKor ocMmaTtpana
BeNuUKNXx OpaHa M HUXOBUX akymynaumja ca acnekrta
caBpeMeHMX TEXHOMOLLKUX MOryhHOCTU Kao 1 Aa uctpa-
X1 Aa nu npowmvpense 2[] reofeTtckux Mpexa Moxe Aa
Yyrpo3n KOH3UCTEHTHOCT WCTOPUjCKUX 3aKrbyvaka o
CTaky Y NoHalLawy Benukmx bpaHa.

KrmbyuHe peuu: 2[1 reonetcke Mmpexe,Benvke bpaHe,
akymynauuje

SUMMARY

COMMON GEODETIC MONITORING OF LARGE
DAMS AND RESERVOIRS

Zarko NESTOROVIC
Milan TRIFKOVIC

Common geodetic monitoring of large dams and its
reservoirs was not a subject of considerable consi-
deration in praxis and literature in Serbia. This paper
author's presumption is that development level of
geodetic technology in the past was major limited factor
on integrally approach for common monitoring large
dams and their reservoirs. In this paper “common
monitoring” means that geodetic network exist and is
being realized aiming to determine behavior of points
which approximate large dam and zone of its reservoir
influence. The measurements in that network should be
realized according to uniqgue measurement program in
any series. Goal of this paper is to research the pos-
sibilities of common monitoring dams and their reser-
voirs influence area according to contemporary geodetic
technology and to investigate if enlargement of geodetic
2D networks could deteriorate the historical conclusions
about state of art and behavior of large dams.

Key words: 2D geodetic networks, large dams,
reservoirs
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NEKA SVOJSTVA BETONA ULTRA VISOKIH CVRSTOCA

SOME PROPERTIES OF ULTRA-HIGH STRENGTH CONCRETE

Ksenija JANKOVIC
Dragan NIKOLIC
Dragan BOJOVIC
Ljiliana LONCAR

1 uvoD

Razvoj novih gradevinskih materijala, a posebno
kompozitnih materijala sa cementnom matricom
omogucéava projektovanje i izvodenje sve slozenijih i
zahtevnijih konstrukcija. Upotreba ovakvih materijala sa
znatno poboljSanim  fizicko-mehanickim  svojstvima
ostavlja projektantima Siri spektar mogucih reSenja, a
konstrukciju ¢&ini racionalnijom, trajnijom i estetski
prihvatljivijom. Moguc¢nosti primene raznih vrsta vlakana
(polipropilenska, ¢elicna, staklena,...) u kompozitnim
materijalima privukla je paZnju velikog broja istrazivaca
Sirom sveta [1,2].

Krajem osamdesetih godina proSlog veka betoni
visokih svojstava (HPC) su se pojavili kao novi materijali
u gradnji industrijskih hala i marketa, a u odnosu na
klasiéni beton sadrzali su silikatnu praSinu. Primena
superplastifikatora novih generacija je omogucila manju
koli¢inu potrebne vode u svezoj meSavini. Sa znatno
smanjenim vodovezivnim faktorom ovaj beton je bio
obradljiv, a ¢vrsto¢a pri pritisku u starosti od 28 dana
iznosila je preko 70 MPa. Trajnost je takode bila
poboljSana u odnosu na klasi¢ne betone [2].

Krajem pros$log veka razvijena je nova vrsta betona,
¢iji je vodovezivni faktor bio ispod 0.2, sa &vrsto¢ama pri
pritisku ve¢im od 150 MPa, sa veéim sadrZajem
cementa sa povecanom finoom mliva kao vezivhog
materijala i dodatnim sadrzajem silikatne prasSine nazva-
na betoni ultra visokih svojstava (UHPC), odnosno betoni

Dr Ksenija Jankovi¢, dipl.inz.grad. Institut IMS, Beograd,
ksenija.jankovic@institutims.rs

Dragan Nikoli¢, dipl.inZ.grad., Institut IMS, Beograd
dragan.nikolic@institutims.rs

Dragan Bojovi¢, dipl.inz.grad., Institut IMS, Beograd
dragan.bojovic@institutims.rs

Ljiljana Longar, dipl.inz.grad., Institut IMS, Beograd
liljana.loncar@institutims.rs
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1 INTRODUCTION

The latest technical innovations in building materials,
especially cement based composites; satisfy increa-
singly sophisticated requirements in design and con-
struction. The use of these products with significantly
improved physical-mechanical properties provides design
engineers wider spectrum of offered solutions; while
construction itself becomes the construction with better
cost control, durability and better esthetic properties. An
opportunity to use different types of fibers (polypro-
pylene, steel, glass) at composites production gained
interest at large number of scientists worldwide [1, 2].

In 1980s High Performance Concrete (HPC) was
launched as new material applied in production plants
and trade centers construction, with silica fume content,
as main characteristic compared to ordinary concrete.
Application of superplasticizers that belong to the group
of new superplasticizers generation, enabled lower water
content that is needed for fresh mixture. With
significantly decreased water/binder ratio this concrete
was workable, and compressive strength, at 28 days
age, was over 70 MPa. Durability was improved
compared to the ordinary concrete, as well [2].

Twenty years later, the new kind of concrete was
generated, with water/binder ratio that was lower than
0.2, with compressive strength that was higher than
150 MPa, with higher content of cement with increased
fineness of grinding, and silica fume that was added; it
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ultra  visokih ¢&vrstoca (UHSC). Razvoj hemijskih
dodataka u betonu je omogucio tako znacajnu redukciju
vode. Mnogi autori u svetu od tada intenzivno
proucavaju njihova svojstva, strukturu i tehnologiju
izrade. Od obi¢nih betona se razlikuje prema sastavu,
strukturi, nacinu izrade i nege, a karakteriSe ih relativno
visoka cena po 1m*® mesavine [3].

Upotrebom UHSC povecava se stepen iskoriS¢enosti
prirodnih materijala [4], jer se dobija materijal sa visokim
mehani¢kim karakteristikama koji je ujedno i otporan na
hemijsku koroziju. Primena ovog materijala moze biti
opravdana i sa ekonomskog aspekta posto su dimenzije
elemenata znatno manje, a elementi trajniji i otporniji na
agresivne uticaje sredine.

2 PRAVILA ZA PROJEKTOVANJE | ODABIR
KOMPONENTNIH MATERIJALA

Za postizanje vecih vrednosti ¢vrstoéa pri pritisku
potrebna je posebna paznja pri izboru i kompatibilnosti
komponentnih materijala (cement, agregat, mineralni i
hemijski dodaci, vlakna) i tehnologije betona
(proizvodnja, ugradnja, nega, transport, kontrola
kvaliteta). 1z tih razloga je projektovanje sastava i
proizvodnja betona ultra visokih ¢vrstoc¢a slozZeniji posao
od istog postupka kod klasi¢nog betona.

Mehani¢ka svojstva ovog betona se poveéavaju
upotrebom  kvalitetnih ~ komponentnih  materijala,
poveCanjem  broja  kontakata izmedu  Cestica,
homogenizacijom meSavine, a samim tim i
redukovanjem poroznosti i defekata unutar strukture.
Poveéanje broja kontakata izmedu Cestica i
homogenizacijom betona moguce je ostvariti upotrebom
velike koli¢ine veziva, redukovanjem vodovezivnog
faktora, smanjivanjem ukupne koli¢ine agregata i
veli¢ine najveceg zrna agregata [9]. Smanjenje
poroznosti postize se upotrebom niskoga vodovezivnog
faktora i upotrebom superplastifikatora, ali uz uslov da
se osigura potrebna obradljivost u svezem stanju, te
zamenom dela cementa pucolanskim dodacima.

Dodatkom znatno manje koli¢ine vode u sadrzaj
meSavine nego kod klasiénog betona smanjuje se
razmak izmedu &estica cementa i mineralnih dodataka u
svezem stanju. Na taj se nacin smanjuje se i kapilarna
poroznost, a mnogo je manji i prostor koji moraju
popuniti produkti hidratacije.

Smanjenje  vodovezivnog faktora i upotreba
mineralnih dodataka pozitivno utiCu i na poboljSanje
mehani¢ke veze cementnog kamena i agregata, kao
najslabije karike u strukturi ovog betona. Najbolji
mineralni dodatak je silikatna praSina koja sa vrlo malim
Cesticama (10-ak puta manjim od zrna cementa) i
velikom specificnom povrSinom uti€e na povecanje
sadrzaja u meSavini koji okruzuje cementne cestice i
povecanjem reaktivnosti na ubrzanu hidratizaciju. Osim
toga silikatna praSina reaguje sa slobodnim CaO,
najlosijim sastojkom cementa, stvarajuéi pritom CSH gel.

Hidrotermalna obrada uzoraka mozZe negativno
uticati na trajnost ovog materijala, a uzrok tome moze

was new product category, named Ultra High
Performance Concrete (UHPC), or Ultra High Strength
Concrete (UHSC). Innovations in chemical admixtures
for concrete and mortar enabled crucial decrease in
water content. Since that time, many scientists and
investigators worldwide have investigated the properties,
structure and manufacturing technology. Compared to
the ordinary concrete there is difference in constituent
components, structure, manufacturing technology and
curing regime, there is relatively high cost per im?® of
concrete [3].

Application of UHSC increases the amount of natural
component materials that are used [4], as in this way
material with high mechanical properties, with high level
of corrosion resistance is obtained. Financially, this type
of material can provide cost control, as its dimensions
are significantly lower, produced elements have
increased durability as well as aggressive environment
influence resistance.

2 RECOMMENDATION FOR DESIGN AND CHOICE
OF COMPOSITE MATERIALS

In order to obtain higher compressive strength, while
choosing mixture components, compatibility and other
factors must be considered regarding component
materials (cement, aggregate, mineral and chemical
admixtures, fibers) and concrete technologies
(production, workability, curing, transportation, quality
control). Thus, Ultra High Performance Concrete design,
and concrete production are more complex technological
requirements, than in the case of ordinary concrete.

These concrete's mechanical properties are
increased if the high quality component materials are
used, if the number of particle interactions is increased,
by mixture homogenization, at the same time by
decreasing of structural failures and by porosity
decrease. Increase of particle number interactions and
better concrete homogenization can be provided by high
content of binder, by decrease of water/binder ratio, by
decrease of total aggregate amount and by maximum
aggregate size decrease [9]. Porosity decrease is
obtained if low water/binder ratio is used, if
superplasticizers are applied, in the case that the
request considering the certain level of workability in
fresh concrete is fulfilled; and if partial cement content
replacement by puzzolane additives was made.

Significantly lower amount of water added to the
mixture than in the case of ordinary concrete, decreases
the distance between cement particles and mineral
additives in the state of fresh concrete. In this way capil-
lary porosity decreases, and space that should be filled
by hydration products decreases significantly, as well.

Water/binder ratio decrease and mineral additives
applications improve the mortar and aggregate
mechanical binding, which is the critical point in this
concrete's structure. Silica fume is the best mineral
additive because of its extremely small particle size
(approximately 10 times smaller than cement particles)
and its large specific surface. Thus silica fume influences
surrounding of cement particles and increases hydration
due to increased reactivity. Additionally silica fume gets
in chemical reaction with free CaO Molecules, which are
the cement’s ingredients with low properties. As a result
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biti smanjena vlaznost u uzorku tokom zaparivanja,
odnosno visok sadrzaj silikatne prasine u meSavini [4].

Povecanjem vrednosti ¢Cvrstoce pri pritisku betona
raste i njegova krtost. Ova pojava se moze reSiti
dodatkom vlakana u sastav betona. Glavni razlog
upotrebe vlakana u slaboj, krtoj matrici je poboljSanje
duktilnosti cementne matrice. Intenzitet poboljSanja
svojstava zbog mikroarmiranja vlaknima varira zavisno
od koli¢ine i vrste dodanih vlakana, prionljivosti viakana i
cementne matrice i kvaliteta same cementne matrice.

Da bi se dobili betoni ultra visokih ¢vrstoéa, &ije su
Svrstoce pri pritisku ve¢e od 150 MPa , potrebno je, osim
prethodno nabrojenog, drzati se i slede¢ih osnovnih
nacela [1,3]:

- povecanje homogenosti eliminisanjem krupnog
agregata

- povecanje zapreminske mase ugradenog betona
optimizacijom granulometrijskog sastava tako da se
postigne najveca kompaktnost

- poboljSanje mikrostrukture hidrotermalnom obradom
ugradenog betona

- koli¢ina vode u betonu maksimalno se smanjuje pa
tako ta koli¢ina nije dovoljna za hidrataciju cementa; ovo
nacelo dovodi do toga da se smanjuje koli¢ina slobodne
vode koja isuSivanjem moZe dovesti do stvaranja
mikroprslina, a nehidratizovani cement se ponaSa kao
reaktivni mikroagregat visokog modula elasti¢nosti koji
moZe naknadno hidratizovati

- poboljSanje duktilnosti dodavanjem vece koli¢ine
vlakana.

3 EKSPERIMENTALNI RAD
3.1 Komponentni materijali i njihova svojstva

U eksperimentalnom radu su koriS¢eni iskljugivo
komponentni materijali dostupni u Srbiji. Prethodnim
ispitivanjima je potvrdena njihova kompatibilnost. Za
spravljanje meSavina upotrebljena je voda iz
gradskog vodovoda.

3.1.1 Cement

U eksperimentalnom radu koriS§éene su tri vrste
cemenata:

- Cement 1: CEM | 425R Lafarge BFC Beocin
Srbija

- Cement 2: CEM | 52.5R Lafarge Lukavac Bosna i
Hercegovina

- Cement 3: CEM | 52.5R Nexe Grupa NaSice
Cement Hrvatska

U Tabeli 1 data su hemijska, fiziCka i mehani¢ka
svojstva upotrebljenih cemenata.

of this chemical process C-S-H gel is obtained .

Steam-curing regime applied on these samples can
affect negatively the material's durability; and the main
cause for this process might be decreased humidity,
actually high silica fume content in the mixture [4].

By increased compressive strength, its brittleness
increases as well. This problem can be solved by adding
fibers to the concrete composition. Main cause for fiber
applications at low quality, brittle matrix is improvement
of ductile characteristics of concrete matrix. Improve-
ment due to fiber reinforcing varies depending on
amount and type of fibers added, fiber's adhesive
characteristics, matrix adhesive characteristics and the
quality of cement matrix itself.

In order to get Ultra High Strength Concrete, with
compressive strength higher than 150 MPa [6], the
previously mentioned recommendations, as well as the
principles that are listed below should be considered
[1.3]:

- homogeneousness increase is provided by coarse
aggregate elimination

- concrete bulk density increase is obtained by grain
size distribution optimization, in order to provide the
highest level of compaction

- micro-structure improvement is obtained by steam
curing regime

- There is max decrease in concrete water content,
and this amount is not sufficient for cement hydration;
this is the cause for free water content decrease, thus by
its evaporation micro cracks might occur. The non
hydrated cement acts as a reactive micro aggregate,
with high modulus of elasticity, which can be hydrated
additionally.

- ductile properties are improved when higher
amount of fibers is added.

3 EXPERIMENTAL WORK
3.1 Component Materials and Their Properties

Component materials that are available in Serbian
market are used for this part of work. Previous trials
confirmed their compatibility. Water that is used for
mixture production is potable water.

3.1.1 Cement

Three kinds of cement were used in this part of
work:

- Cement 1: CEM | 42.5R Laffarge BFC, Beocin,
Serbia

- Cement 2: CEM | 52.5R Laffarge, Lukavac, Bosnia
and Herzegovina

- Cement 3: CEM | 525R Nexe Grupa, NaSice
Cement, Croatia

Table 1. gives chemical, physical and mechanical
properties of the cements that are used.
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Tabela 1. Hemijska, fizicka i mehanic¢ka svojstva upotrebljenih cemenata
Table 1. Chemical, physical and mechanical properties of the cements

Cement
Cement 1 Cement 2 Cement 3

Hemijski sastav % SiO, 20.59 18.62 -
Chemical composition % Al,O3 6.10 6.89 -

Fe;O3 2.81 3.91 -

CaO 63.44 56.37 -

MgO 1.89 1.98 -

Na,O 0.29 - -

SOs 2.69 2.33 2.85

Cl 0.003 - 0.006
Fizitka svojstva Zap. masa [kg/m’] 1470 ] ]
Physical properties (bulk density) ,

Spec.povrs. [cm?/g]

(Spec.surface) 4120 3351 4510
Cvrstoéa pri pritisku [N/mm?] § SZEZ Eggﬁ; 42133 - 28.5
Compressive strength [MPa] 2" a (days) 61.6 56.04 551
Cvrstoca na zatezanje 2 dana (days) 7.0 - -
savijanjem [N/mm?] 7 dana (days) 7.8 - -
Flexural strength [MPa] 28 dana (days) 9.8 9.54 -

3.1.2 Agregat

Za spravljanje meSavina koriS¢en je kvarcni pesak
kao komercijalni proizvod firme Kaolin Valjevo,
granulacije od 0-0.5mm. Ispitivanjem granulometrijskog
sastava oko 70% zrna agregata se nalazi izmedu 0.2 i
0.4mm. Fizicko-hemijska svojstva kvarcnog peska data
Su u Tabeli 2.

3.1.3 Silikatna prasina

Kao sekundarno vezivo koriSéena je silikatna praSina
SikaFume HR, Svajcarskog proizvodaca Sika. Prema
tehni¢kom listu proizvodada zapreminska masa iznosi
700 kg/m?®, a preko 95% &estica je veli¢ine ispod 0.1um.

3.1.4 Hemijski dodaci

Upotrebljena su Cetiri superplastifikatora:

- Superplastifikator 1: Mapei Dynamon SX

- Superplastifikator 2: Mapei Dynamon NRG 100

- Superplastifikator 3: Sika Viscocrete 20HE

- Superplastifikator 4: Sika Viscocrete 5800

Hemijski dodaci su pomeSani sa vodom dodavani u
betonsku meSavinu.

3.1.2 Aggregates

Quartz sand, grained (0-0.5mm), that is commercial
product, marketed by Kaolin Valjevo, was used for
mixture preparation. Particle distribution testing showed
that size of approximately 70% aggregate particles was
between 0.2 and 0.4mm. Quartz sand physical-chemical
properties are listed in Table 2.

3.1.3 Silica Fume

As secondary binder, silica fume SikaFume HR, Sika,
Switzerland, was used. According to manufacturer's
technical specification bulk density is 700 kg/m3, and size
of more than 95% particles is smaller than 0.1um.

3.1.4 Chemical Admixtures

Four superplasticizers were used:

- Superplasticizer 1: Mapei Dynamon SX

- Superplasticizer 2: Mapei Dynamon NRG 100

- Superplasticizer 3: Sika Viscocrete 20HE

- Superplasticizer 4: Sika Viscocrete 5800

Chemical admixtures were mixed with water and
added to the concrete mixture.

Tabela 2. Fizi¢ko-hemijski sastav kvarcnog peska
Table 2. Quartz sand physical-chemical properties

Komponenta Kvarcni pesak
(Component) (Quartz sand)
SiO% 97.54
AlL,O3z% 0.52
K20% 0.24
Fe 03% 0.57
Specifiéna masa [kg/m’] 2695
(Bulk specific gravity)
Zapreminska masa [kg/m°] 1330
(Bulk density)
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3.1.5 Celi¢na vlakna

KoriS¢ena su ravna ¢eli¢na vlakna (duzina/preénik =
8/0.175 mm) ija je otpornost pri vucenju » 3000 N/mm?.
Celigna vlakna su obloZzena mesingom da bi se povegéala
trajnost i otpornost na koroziju u betonu. Celi¢na vlakna
su komercijalni proizvod srpske firme ,Spaic”.

3.2 Sastav betona ultra visokih évrstoéa

IstraZivanje je sprovedeno na 16 razli¢itih betonskih
meSavina. Sastavi meSavina prikazani su u Tabeli 3.
Svaka se pojedinaéna meSavina spravljala po tri puta,
da bi se pokazala ponovijivost rezultata ispitivanja
pojedinih svojstava.

Sastav meSavina odabran je na temelju prethodnih
istraZivanja da bi se postigle ¢vrstoée pri pritisku betone
ultravisokih ¢vrstoc¢a. KoriS¢ene su tri vrste cemenata i
Cetiri  superplastifikatora. Jedna serija uzoraka je
izlagana hidrotermalnoj obradi da bi se uporedila
svojstva sa uzorcima koji su nakon prvog dana
odlezavali u vodi na temperaturi od 20°C. Sve su se
meSavine pripremale u standardnoj meSalici za cement i
malter zapremine 5l. SveZa meSavina je ugradivana u
metalne kalupe za dobijanje uzoraka 4x4x16cm. Uzorci
su zbijani na vibrostolu frekvencije 150 Hz.

3.1.5 Steel Fibers

Steel fibers were used (length/diameter =8/0.175
mm); tensile strength » 3000 MPa. Steel fibers are
covered with brass in order to increase durability and
resistance to concrete corrosion process. Steel fibers are
manufactured and marketed by ,Spaic” company, Serbia.

3.2 Ultra High Strength Concrete Composition

Trial was performed in 16 different concrete mixtures.
Mixture composition is shown in Table 3. Each of
mixtures was produced three times, in order to follow the
certain results tendency in uniformity and reproducibility.

Mixture composition was chosen according to the
previous trials in order to provide compressive strength
of Ultra High Strength Concrete. Three kinds of cements
and four superplasticizers were used. One group of
samples was exposed to steam curing regime in order to
compare their properties with the properties of the
samples that were kept in water, at 20°C, after day 1. All
mixtures were made in standard cement and mortar
mixer, volume 5l. Fresh mixture was molded, sample
dimensions 4x4x16cm. Samples were placed by using
vibration table, frequency 150 Hz.

Tabela 3. Sastav betonskih meSavina
Table 3. Concrete mixture composition

Kol. Agregat Sllg(;tnn; Tip aditiva Kol. ?/Iillllfr?; Voda
No. Cement | (Amount) | (Aggregate) (Si?ica fume) | (Admixture) (Amount) (Steel fiber) (Water) | w/c w/b
[kq] [kg] kql kol | g | Tkl
NUH4 | cement 1 850 1180 100 Adm. 1 20.0 195 207.0 | 0.24| 0.20
NUH5 | cement 2 850 1160 100 Adm. 1 23.0 195 212.0 | 0.25| 0.20
NUH7 cement 2 950 1045 110 Adm. 2 35.4 195 226.6 | 0.24| 0.20
NUHS8 cement 1 850 1095 170 Adm. 2 35.4 195 204.6 |0.24| 0.20
NUH9 | cement 1 900 950 200 Adm. 2 34.6 330 198.4 | 0.22| 0.18
NUH10 | cement 2 900 950 200 Adm. 2 36.4 330 179.6 | 0.20| 0.16
NUH11 | cement 1 850 1050 185 Adm. 2 39.0 330 164.0 | 0.19| 0.16
NUH12 | cement 2 1050 900 230 Adm. 2 28.6 300 180.4 | 0.17| 0.14
NUH13 | cement 3 900 1050 200 Adm. 1 42.1 230 240.9 | 0.27| 0.22
NUH14 | cement 3 850 1020 185 Adm. 1 34.5 330 168.5 | 0.20| 0.16
NUH15 | cement 3 850 1020 185 Adm. 3 39.5 330 169.5 | 0.20| 0.16
NUH16 | cement 3 850 1020 185 Adm. 4 37.8 330 162.2 | 0.19| 0.16

4 REZULTATI EKSPERIMENTALNIH ISPITIVANJA
4.1 Mehani€a svojstva

IzvrSena su ispitivanja betona u svezem i o¢vrslom
stanju. Svih 16 meSavina su bile klase konzistencije S1.
Temperatura betona u sveZzem stanju iznosila je izmedu
22 i 25°C. Zapreminska masa svezeg betona iznosila je
od 2610 do 2690 kg/m°. Cvrstoéa na zatezanje pri
savijanju je odredena ispitivanjem na prizmama 4x4x16
cm, a ¢&vrsto¢a pri pritisku modifikovanom metodom
kocke (ispitna povrSina 4x4cm).

4 EXPERIMENTAL TRIAL RESULTS
4.1 Mechanical Properties

Fresh and hardened concrete testing was performed.
All 16 mixtures were characterized with consistency
class S1. Fresh concrete temperature was measured,
and temperature was between 22°C and 25°C. Fresh
concrete bulk density was between 2610 and 2690
kg/m3. Flexural strength was determined by testing at
concrete prismatic specimens, dimension 4x4x16 cm;
and compressive strength was determined by modified
cube method (trial surface 4x4cm).
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Tabela 4. Eksperimentalni rezultati
Table 4. Experimental results

Gvrstoéa pri pritisku [N/mm?] Cvrstoca pri [za;ezarzl]ju savijanjem
. N/mm
(Csr?(t:cr)gte) (Compressive strength [MPa]) (Flexural strength [MPa])
3 dana 7 dana 28 dana 3 dana 7 dana 28 dana
3 (days) 7 (days) 28 (days) 3 (days) 7 (days) 28 (days)
NUH4 90.6 123.8 146.9 16.0 22.5 26.7
NUH5 87.5 113.1 136.3 18.3 23.3 23.9
NUH7 83.1 96.3 131.3 18.3 20.3 28.7
NUH8 88.8 128.1 148.2 15.8 24.8 29.5
NUH9 102.5 125.6 153.1 26.4 28.7 29.8
NUH10 103.1 125.6 155.0 23.1 25.3 25.9
NUH11 100.4 132.5 153.1 20.3 25.6 26.2
NUH12 98.8 123.8 154.4 17.7 21.1 21.9
NUH13 87.5 97.8 128.1 16.9 18.3 22.8
NUH14 88.1 96.9 146.9 20.0 23.6 32.6
NUH15 95.0 115.6 159.4 22.2 25.9 29.5
NUH16 82.5 93.8 170.9 19.7 25.3 30.1

4.2 Skupljanje

Odnos faza u heterogenom materijalu sa cementnom
matricom ima zna¢aj pri formiranju mikroprslina, a
postaje znacajniji kada se tokom hemijskih reakcija
pojave i lokalna skupljanja. Sadrzaj cementa u ovoj vrsti
materijala je izuzetno visok, a da bi se postigle visoka
mehani¢ka svojstva usvajaju se izuzetno niski
vodovezivni faktori. Visok sadrzaj cementa moZze izazvati
probleme sa skupljanjem. Dodavanjem silikatne praSine
toplota hidratacije se smanjuje, a time i ublazavaju
negativne pojave skupljanja.

Mineralni dodaci imaju razli¢éite mehanizme
hidratacije u odnosu na cement, jer prvo reaguju sa
vodom a potom sa Kkalcijum-hidroksidom stvarajuci
produkte hidratacije cementa kroz pucolansku aktivnost.
Pri ovoj reakciji nastaje dodatni sadrzaj C-S-H gela,
smanjije se toplota hidratacije, ali i usporava prirast
¢vrstoée u ranim starostima. Autogeno skupljanje u ovoj
vrsti materijala predstavlja znaCajan udeo vrednosti
ukupnog skupljanja [8]. Na prizmama 4x4x16 mm
meSavine NUH16 izmereno je ukupno skupljanje kao
zbir autogenog skupljanja i skupljanja usled suSenja od
0.635 mm/m.

4.3 Hidrotermalna obrada uzoraka u ranim
starostima

Primena hidrotermalne obrade UHSC uslovijena je
potrebom dobijanja visokih ranih ¢&vrsto¢a, odnosno
smanjenjem vremena nege ovog betona i svojstvena je
samo u proizvodnji prefabrikovanih proizvoda.

Preliminarna istrazivanja izlaganja uzoraka u kojima
su umesto kvarcnog peska koriS¢en prirodni pesak,
odnosno uzorci spravijeni bez dodavanja silikatne
praSine ¢ak i na poviSenim temperaturama nisu dali
znacajnije rezultate mehanickih svojstava.

4.2 Shrinkage

Phases' ratio at heterogeneous material with cement
matrix is important at micro fractures forming; it becomes
even more important when local shrinkage, that is
caused by chemical reactions, occurs. Cement content
at this type of material is extremely high, and in order to
provide high mechanical properties, extremely low
water/binder ratios are adopted. High cement content
can cause the shrinkage problems. Hydration heat
becomes lower by adding silica fume, thus the negative
shrinkage effects decrease.

Cement hydration mechanisms are different when
mineral additives are used, as they get into chemical
reaction with water first, and with Calcium-hydroxide
after that, providing cement hydrating products by
puzzolanic activity. At this chemical reaction an
additional product C-S-H gel is formed, hydration heat is
decreased, and strength increase rate at early age is
slower.

Autogenous shrinkage at this type of material is
significant part of total shrinkage value [8]. At prismatic
specimens, dimensions 4x4x16 mm with mixture
NUH16, total shrinkage was measured as sum of
autogenous shrinkage and dry shrinkage and its value is
0.635 mm/m.

4.3 Steam Curing Regime at Early Age

UHSC steam curing regime is applied as high values
of strength at early age are required, actually decrease
in curing time for this concrete is applied, and it is the
characteristic that is specific only for prefabricated
products manufacturing.

Preliminary sample expositions trials performed on
specimens with natural sand in concrete composition,
instead of fabricated quartz sand, as well as samples
that were made without silica fume as additive even at
high temperatures did not provide any significant
changes in mechanical properties.
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Prema dozazi NUH16, nakon meSanja, svez beton je
ugraden u metalne kalupe. Nakon 6 sati odlezavanja na
temperaturi od 20°C, narednih 18 sati uzorci su izlozeni
temperaturi od 50°C. Uzorci su potom sledec¢ih 6 dana
bili izlozeni temperaturi od 80°C, a potom su negovani u
vodi na temperaturi od 20°C do starosti od 28 dana [4].
Relativna vlaznost sredine tokom termalne obrade
uzoraka je iznosila 95%. U Tabeli 5. dati su rezultati
ispitivanja mehanickih svojstava uzoraka podvrgnutih
hidrotermalnoj obradi.

After mixing, according to NUH16 mix specification,
fresh concrete was placed in metal moulds. The samples
were kept at 20°C, for 6 hours, at 50°C for next 18
hours, at 80°C, for 6 days following, after that they were
kept in water at 20°C for curing, until age of 28 days [4].
Relative ambience humidity during steam curing regime
was 95%. Table 5 shows results that were provided by
mechanical properties testing at samples that were
treated by steam curing regime.

Tabela 5. Pritisna ¢vrstoca uzoraka izloZzenih rezimu nege zaparivanjem
Table 5. Concrete strengths at samples exposed by steam curing regime

Cvrstoéa pri pritisku [N/mm?] Cvrstoéa pri [Zlflljrenzrirz]]]u savijanjem
(CSr?;[:cr)gte) (Compressive strength [MPa]) (Flexural strength [MPa])
3 dana 7 dana 28 dana 3 dana 7 dana 28 dana
3 (days) 7 (days) 28 (days) 3 (days) 7 (days) 28 (days)
NUH16 165.0 175.3 190.9 33.8 35.2 37.4

4.4 Mikrostruktura

Na prikazanim betonskim meSavinama zapreminska
masa je bila znatno ve¢a u odnosu na klasiéne betone
iako se na Slici 1. primecuje pore, kao posledice
postojanja uvuéenog vazduha, odnosno jedan od
razloga postojanja pora je i Sto pri ugradnji uzorci nisu
izlagani dodatnom pritisku. Na Slici 2 je prikazana zona
prelaza izmedu agregata i C-S-H faze. Moze se uoditi
pojava veoma malih mikroprslina na dodiru agregata i C-
S-H faze koje se kao Sto je poznato mogu pojaviti i
tokom pripreme uzorka [5].

U mikrostrukturi betona na Slici 3. se vidi da je
raspored celi¢nih vlakana nasumiéan, Sto je tokom
pripreme i meSanja uzoraka i bio cili. Na slici 4.
prikazana je zona prelaza izmedu C-S-H faze i vlakna.

Slika 1. SEM prikaz pora u CSH fazi
Fig. 1. SEM micrograph showing air-entered void in
C-S-H

4.4 Microstructural Investigation

Concrete mixtures that were investigated showed
bulk density that was significantly higher compared to
the ordinary concrete, besides the fact that pores can be
noticed (Figure 1); the pores were generated due to
entrained air, as samples were not exposed to additional
compression. Figure 2 shows transition zone between
aggregate and C-S-H phase. Microcracks can be
observed at bond between aggregate and C-S-H phase,
they can also occur during sample preparation, and it is
confirmed by previous investigations [5].

Figure 3 shows random steel fiber distribution, this
type of distribution was planned during sample design
and mixing. Figure 4 shows transition zone between C-
S-H phase and fiber.

Slika 2. SEM Tranzitna zona izmedu agregata (A) i
cementne paste(B)

Fig. 2. SEM micrograph showing transition zone
between aggregate (A) and cement paste (B)
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Slika 3. SEM Prikaz raspodele celi¢nih vilakana
Fig. 3. SEM micrograph showing steel fibers
distributed

5 ZAKLJUCAK

U svetu u prethodnih petnaest godina veliki broj
istraziva¢a ispitivao je strukturu i svojstva UHSC. U
ovom radu namera istrazivata je bila da potvrdi
moguénost dobijanja UHSC sa komponentnim materija-
lima koji su lako dostupni fabrikama betona, odnosno
dobijanje materijala sa visokim mehani¢kim karak-
teristikama koji se moZe spravljati i negovati u uslovima
koji su karakteristiéni za klasi¢ne betone.

Eksperimentalni rad prikazan u ovom radu se
bazirao na odredivanju optimalnog odnosa silikatne
prasine i Celicnih vlakana u betonskoj meSavini UHSC.
Na osnovu preliminarnih istrazivanja, ispitivanja su
sprovedena na 12 betonskih meSavina. Koli¢ina ¢eliénih
vlakana je varirana od 190 do 330 kg/m® odnosno od
2.4-42% u odnosu na zapreminu betona. Koli¢ina
silikatne prasine je varirana u iznosu od 190-230 kg/m®,
odnosno od 10-25% mase cementa. Na osnovu
preliminarnih istrazivanja i rezultata datih u Tabeli 4,
prema [1] moZe se konstatovati da je dobijen beton ultra-
visokih ¢vrsto¢a bez hidrotermalnog tretmana.

Na uzorcima betonske meSavine NUH16 izmerene
su maksimalne vrednosti mehanickih svojstava i prema
datoj dozazi na ponovo spravljenim uzorcima izmereno
je skupljanje suSenjem i primenjena je hidrotermalna
obrada data u tacki 4.3.

Hidrotermalna obrada uzoraka prikazanih u ovom
radu, pokazuje da negovanje na poviSenim temperatu-
rama pri rezimu prikazanom u tacki 4.3 pokazuje prirast
oko 12% c&vrstoce pri pritisku, odnosno 24% prirasta
¢vrstoée na zatezanja savijanjem u starosti od 28 dana u
odnosu na uzorke koji nisu bili podvrgnuti hidrotermalnoj
obradi.

Na osnovu merenja skupljanja u tacki 4.2., moze se
zakljuciti da je ukupno skupljanje uzoraka meSavine
NUH16 vece od prikazanih u [8] za 15%. Mereno je
skupljanje na uzorcima koji nisu izlagani hidrotermalnoj
obradi.

Na osnovu merenja skupljanja u tacki 4.2., moze se
zakljuciti da je ukupno skupljanje uzoraka meSavine NUH16

Slika 4. SEM Tranzitna zona izmedu celi¢nih vlakana
(A) i cementne paste (B)

Fig. 4. SEM micrograph showing transition zone
between steel fiber (A) and cement paste (B)

5 CONCLUSION

Structure and properties of UHSC have been
investigated excessively worldwide, for last 15 years.
This trial's scope was UHSC production based on the
composites that are available in the market in Serbia,
that concrete factories can easily provide; as well as
obtaining designed final product: material with high
mechanical properties, that can be produced and cured
under conditions that are required for ordinary concrete.

Experimental work that was done, was designed in
order to determine optimal value of silica fume/steel
fibers ratio in UHSC concrete mixture. Following
preliminary trials, investigations were performed in 12
concrete mixtures. Amount of steel fibers varied between
190 to 330 kg/m® that is 2.4-4.2%, calculated to
concrete volume. Amount of silica fume varied between
190-230 kg/m®, that is 10-25% calculated to concrete
volume. According to preliminary trials and results that
are shown in Table 4, it can be concluded that Ultra High
Strength Concrete was obtained without steam curing
regime applied.

Specimens (Concrete mixture NUH16) were tested:
max mechanical properties were measured; and
according to the concrete mix that was adopted, the new
samples were made, and after steam curing regime
described in 4.3. dry shrinkage was measured.

The samples in this project were exposed to steam
curing regime. It is shown that curing at higher
temperatures, using regime described in 4.3, provides
approximately 12% compressive strength increase, as
well as 24% flexural strength increase at 28 days age
concrete, compared to the samples that were not under
steam curing regime.

According to the shrinkage measurements described
in 4.2., compared to the data that are available [8] it can
be concluded that Concrete mixture NUH16 total
shrinkage is 15% higher than total shrinkage that was
reported previously. Measurements were performed at
samples that were not under steam curing regime.

Further investigations should be designed: beam's
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vece od prikazanih u [8] za 15%. Mereno je skupljanje
na uzorcima koji nisu izlagani hidrotermalnoj obradi.

Predmet daljeg istrazivanja trebalo bi da bude
prac¢enje ponaSanja grede kao konstruktivnog elementa i
ispitivanje naponsko-deformacijskih karakteristika pod
stati¢kim i dinamickim opterecenjem.
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REZIME

NEKA SVOJSTVA BETONA ULTRA VISOKIH
CVRSTOCA

Ksenija JANKOVIC
Dragan NIKOLIC
Dragan BOJOVIC
Ljiliana LONCAR

ZnaCajno mesto u primeni novih materijala u
gradevinarstvu zauzima upotreba betona ultra visokih
¢vrstoca. Struktura, svojstva i tehnologija izrade ove
vrsta betona se intenzivno prou¢ava poslednjih petnaest
godina. U ovom radu je prikazana mogucnost dobijanja
betona ultra visokih &évrsto¢a na osnovu eksperimental-
nih istrazivanja primenom komponentnih materijala do-
stupnih u Srbiji. Spravljene su tri serije uzoraka sa
razlicitim vrstama cemenata. KoriS¢ena su celicna vla-
kna duzine 8mm i popre¢nog preseka 0.175mm. Prika-
zana su fizicko-mehani¢ka svojstva betona ultra visokih
¢vrstoca i analizirana je mikrostruktura ovog kompozita.

Klju€ne reci: Betoni ultra visokih ¢vrstoca, Celicna
vlakna

behavior as structural element should be investigated,
as well as stress-strain properties under static and
dynamic load.
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SUMMARY

SOME PROPERTIES OF ULTRA-HIGH STRENGTH
CONCRETE

Ksenija JANKOVIC
Dragan NIKOLIC
Dragan BOJOVIC
Ljiljana LONCAR

Modern civil engineering is characterized with
increased application of Ultra-high strength concrete
(UHSC). Structure, properties and manufacturing
technologies of UHSC are intensively analyzed in the
last fifteen years. Possibilities of getting UHSC designed
with the materials that are available in Serbian market,
were tested in the experimental work; they are shown in
this paper. Three series of samples were made with
different types of cement. Steel fibers were used: length
8 mm, diameter 0.175 mm. Physical-mechanical proper-
ties of UHSC are presented and microstructure of
concrete was observed, as well.

Keywords: Ultra-high strength concrete, Steel fiber
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KVALITET CEMENTNE KOSULJICE PRI NJENOM IZVOBENJU NA KLASICAN NACIN

QUALITY OF A CEMENT SCREED PREPARED AND APPLIED IN
A TRADITIONAL WAY

Rada RADULOVIC
Mihailo MURAVLJOV
Ivan DENISENKO

1 uvoD

Pod cementnom koSuljicom (estrihom) podrazumeva
se horizontalno izveden sloj cementnog maltera
najéeSée debljine 3-5cm. Ovaj sloj se izraduje na nosivoj
(najéeSce betonskoj) podlozi ili preko sloja nekog
izolacionog materijala.

U najvecem broju sluCajeva cementna koSuljica
predstavlja podlogu za izradu zavrSnih podnih obloga.
Zavisno od eksploatacionih uslova, izvodi se sa ili bez
armature, pri ¢emu se kao armatura primenjuju
armaturne mreze ili, u novije vreme, tzv. mikroarmatura
u vidu razli¢itih viakana (&eli¢nih, polipropilenskih i dr.).

Danas se cementna koSuljica spravlja na klasi¢an
nac¢in meSanjem komponentnih materijala na licu mesta
ili primenom gotovih fabrickih meSavina koje se koriste
saglasno uslovima propisanim od strane proizvodaca.

U klasi¢nom-tradicionalnom  obliku cementna
koSuljica se najéeSée spravlja u razmeri cement : pesak
=1 : 3, pri ¢emu se kod nas kao pesak najéeSée koristi
prva frakcija separisanog re¢nog Sljunka krupnocée zrna
0/4mm. Sadrzaj vode u takvoj malterskoj meSavini se
usvaja iskustveno, pri ¢emu koli¢ina vode treba da je
tolika da se sa tom koli¢inom dobije konzistencija koja
odgovara opisu ,vlazno kao zemlja“. Ovaj uslov najéeSc¢e
podrazumeva vodocementni faktor 0,37-0,38.

Rada Radulovi¢, dipl.inz.grad., Fakultet tehnickih nauka
Kosovska Mitrovica, Knjaza MiloSa 7, Kos. Mitrovica, Srbija
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Kosovska Mitrovica, Knjaza MiloSa 7, Kos. Mitrovica, Srbija

STRUCNI RAD
UDK: 691.54 ; 666.94 = 861

1 INTRODUCTION

The cement screed is a horizontally taken layer of
cement mortar whose thickness ranges from 3 to 5 cm.
The layer is applied on a concrete base or over the layer
of an insulating material.

In most cases cement screed is the base for making
the final floor covering. Depending on the exploitation
conditions, cement screed is laid with or without steel
reinforcement, where reinforcement is applied as
reinforcement girds , or more recently, steel fiber
reinforcement in the form of various fibers (steel,
polypropylene, etc.).

Today, cement screeds are prepared in a traditional
way by mixing component materials directly on site or
using the factory mixtures that are used in accordance
with the conditions listed by the manufacturer.

In a classical-traditional form, the cement screed is
usually prepared with the cement and sand in a ratio of 1
to 3, while, in our country the sand is commonly used as
the first fraction of the separated river gravel with size of
grain 0/4mm. Water content in such mortar mixture is
adopted on the basis of experience where the amount of
water should be such as to gain consistency that
matches the description of "wet as land." This condition
usually comprises 0, 37-0, 38 of water-cement ratio.

Rada Radulovi¢, Faculty of Technical Sciences, Kosovska
Mitrovica, Knjaza Milo3a 7, Kos. Mitrovica, Serbia

Mihailo Muravljov2, PhD, Faculty of Civil Engineering,
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Kosovska Mitrovica, Knjaza MiloSa 7, Kos. Mitrovica, Serbia

52

MATERIJALI | KONSTRUKCIJE 53 (2010) 1 (52-60)



Mada danas postoji oprema za masSinsko spravljanje
i ugradivanje cemente koSuljice, kod nas se naj¢eSce
meSanje konstituenata koSuljice vrSi ru¢no, dok se
ugradivanje jo$ uvek izvodi na sledeéi klasi¢an nagdin:
spravliena meSavina ,vlazna kao zemlja“ lopatom i
razgrtaem se razastire preko podloge, nakon &ega se
vrSi  njeno zbijanje lopatom (ili glacalicom, a ponekad i
mistrijom), a zatim ravnanje povrsine letvom-ravnjacom.
Poslednja faza takvog ru€nog postupka izvodenja
koSuljice predstavlja zavrSnu obradu njene povrSine
gla¢alicom-perdasicom.

Ovde treba posebno napomenuti da se u tehnic¢kim
uslovima za izvodenje cementne koSuljice prema napred
opisanom klasiénom postupku po pravilu definiSu samo
slededi uslovi:

- debljina,

- razmera meSanja cementa i peska,

- armatura (eventualno),

- obrada gornje povrsine,

- obaveza negovanja do oévrSéavanja.

Kao Sto se vidi iz svega napred re¢enog, kod nas se
u okviru klasi¢tnog postupka izvodenja cementne
koSuljice ne propisuju neophodne fizicko-mehanicke
karakteristike date malterske kompozicije. Medutim, te
karakteristike mogu vrlo znafajno da variraju u
zavisnosti od upotrebljene koli¢ine vode (koja se usvaja
na bazi vizuelne ocene), ali joS viSe, u funkciji ostvarene
zbijenosti o¢vrslog materijala. Naime, postupak zbijanja
lopatom (ili glacalicom, mistrijom i sl.), a posle toga i
ravnanje letvom-ravnjaéom, kao i ruéna obrada povrSine,
svakako ne garantuju strukturnu homogenost, odnosno
kompaktnost oc&vrsle malterske kompozicije. Iskustvo
pokazuje da, ukoliko se radi na opisani nacin, prihvatljiva
strukturna homogenost i zbijenost postoji samo u
gornjoj, povrsinskoj zoni koSuljice debljine 1-2cm. Idudi
po dubini, strukturna homogenost i kompaktnost
znagajno se menjaju u negativnom smislu, tako da donje
zone koSuljice, one koje se ,oslanjaju” na podlogu, vrlo
Gesto karakteriSu i izraziti strukturni defekti kao Sto su
Lgnezda“, kaverne i sl. Na osnovu toga proizilazi da se
dovoljno  visoke fizicko-mehaniCke  karakteristike
koSuljice, ukoliko se radi na klasican nacin, mogu
oCekivati samo pri debljinama <3cm, dok vec¢e debljine
koSuljice naj¢eSc¢e ne obezbeduju potrebne fizicko-
mehani¢ke karakteristike, odnosno kvalitet koSuljice. U
vezi sa tim vazi iskustveno pravilo da se u slu¢ajevima
koSuljica sa debljinama preko 5cm, iste obavezno izvode
u dva sloja priblizno istih debljina.

Nizak kvalitet cementne koSuljice moZze da ima velike
reperkusije u odnosu na zavrSne podne obloge koje se
izvode preko koSuljice. To prevashodno vazi za podove
koji su izlozeni ve¢im optereéenjima, ukljucujuéi tu i
znaCajna koncentrisana opterecenja, a u slucajevima
kada se primenjuju tanke podne obloge u vidu razli¢itih
sinteti¢kih traka ili plo¢astih elemenata, kao i u vidu
bezSavnih folija (premaza) na sintetickoj osnovi. U
takvim slucajevima koncentrisana opterecenja, delujuci
preko relativno malih povrSina, proizvode visoke lokalne
napone pritiska u koSuljici, koje ona nije uvek u stanju da
podnese.

Nizak kvalitet koSuljice nije od tolikog znacaja kada
se radi o podnim oblogama od parketa, kamenih plo¢a,
keramickih plo¢a i sl., poSto se kod takvih podova
eventualna koncentrisana optere¢enja na koSuljucu po

Although nowadays there is equipment for machine-
making and embedding of cement screeds, we usually
do the manual procedure when it comes to mixing
screed constituents, while the embedding is still
performed in the following, classical way: the prepared
mixture known as "wet as land" is spreaded over the
base by shovel and crossbar, after which its compaction
is done by shovel (or trowel), and then surface leveling is
done by ledge-smoother. The last phase in the manual
procedure of screed applying is finishing the surface by
smoother.

It should be pointed out that the technical conditions
for laying cement screed, according to the classical
procedure mentioned above , are defined only by the
following conditions:

- thickness,

- cement and sand ratio

- reinforcement (optional)

- treatment of the upper surface,

- necessity of curing until hardening

As it can be seen from the above mentioned, in our
country, the classical procedure of laying cement screed
doesn't prescribe the necessary physico-mechanical
properties of a given mortar composition. However,
these characteristics can significantly vary, depending
on the quantity of water used (which is adopted on the
basis of visual estimation), but even morein the function
of achieved compaction of the hardened material.
Namely, the compaction process by shovel (or
smoother, trowel, etc...), following the leveling by ledge-
smoother and manual treatment of the surface, certainly
does not guarantee the structural homogeneity and
compactness of the hardened mortar composition.
Experience shows that, if it is done in the above
mentioned way, the acceptable structural homogeneity
and density exists only on the top surface area of a
screed thickness of 1-2cm. Going deeper, structural
homogeneity and compactness will significantly change
in a negative way, so that the lower zones of screed,
those next to the surface, are often characterized by
significant structural defects as "nests", caverns, etc.
Consequently, sufficiently high physico-mechanical
properties of the screed, if it is done in a classical way,
can be achieved only when thickness is < 3cm, whereas
the larger thickness of screeds usually does not provide
the required physico-mechanical properties, i.e. quality
screeds. In this connection, the experiential rule is
applied to cases with a screed thickness of over 5cm. In
those cases, two layers of approximately the same
thickness have to be laid.

The low quality of the cement screed can have big
repercussions on the final floor overlays which are put
over the screed. This is primarily applied to floors that
are exposed to higher pressures, including significantly
concentrated pressures, and when thin floor coverings
are applied in the form of various synthetic tapes or
plate-like elements, as well as seamless films (coatings)
on synthetic base. In such cases, concentrated
pressures acting through a relatively small area produce
high local pressures in the screed that it cannot always
resist.

The low quality of the screed is not so important
when it comes to the floor covering made of wood,
stone, ceramic plates etc. In such floors any
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prirodi stvari prenose preko vecih povrSina. Ali, i u
takvim slu¢ajevima nizak kvalitet koSuljice moze da ima
negativne posledice u odnosu na nosivost i trajnost
celokupnih podnih konstrukcija.

Kao ilustracija kvaliteta cementne koSuljice, u daljem
radu, prikazace se rezultati ispitivanja fizicko-mehanickih
karakteristika koSuljica izvedenih u dva razli¢ita objekta.

U prvom slu€aju se radi o objektu A kod koga je
predvideno da se kao zavrSna podna obloga primene
plo€e od granitne keramike, pa je pre pristupanja izvo-
denju tog poda trazen odgovor u vezi kvaliteta izvedene
koSuljice. Napominje se da je u konkretnom sluéaju re¢ o
podu koji je izloZzen prevashodno jednakopodeljenom
povrsinskom opterec¢enju.

U drugom slu¢aju radi se o objektu B u okviru koga
je preko koSuljice ve¢ bio izveden samorazlivajuéi epok-
sidni pod, pri ¢emu je ovde re¢ o podu u jednoj magacin-
skoj hali, u kojoj se izmedu regala sa robom krecu
elektro-paletni viljuSkari. To drugim re¢ima znaci da je
predmetni pod izlozen znacajnim koncentrisanim
opterecenjima.

2 REZULTATIISPITIVANJA KVALITETA
CEMENTNE KOSULJICE U OBJEKTU A

Cementna koSuljica u objektu A izvedena je na
osnovu slededih tehnickih uslova definisanih u predmeru
i predra¢unu radova:

Cementnu koSuljicu debljine 4cm izvesti preko
betonske podloge koju pre nanoSenja koSuljice treba
ocistiti i oprati. Malter za koSuljicu spraviti sa prosejanim
Slijunkom jedinicom* u razmeri 1:3. KoSuljicu armirati
armaturnom mrezom Q188 postavlienom u sredini sloja.
Gornju povrsinu koSuljice ravno isperdasiti i negovati dok
ne ocvrsne.

U datom sluaju ispitivanje kvaliteta izvedene
cementne koSuljice sprovedeno je nakon vizuelno-
makroskopskog pregleda njene povrSine, nakon ¢ega je
odlu¢eno da se <&vrstoca pri pritisku primenjene
malterske kompozicije ispita preko tri izvadena kerna
pre¢nika 50mm. Medutim, prilikom vadenja kernova
potvrdeno je ono §to je vizuelno konstatovano prilikom
pregleda, a to je da koSuljicu ne karakteriSe narocito
visok nivo fizi€ko-mehani¢kih karakteristika. Name, pri
vadenju kernova @50mm, a zbog znacajne brzine
rotacije primenjene burgije sa dijamantskim krunicama,
dva kerna su se potpuno raspala, pa je stoga
upotrebljena veca burgija pre¢nika 80mm. Kernovi
izvadeni tom burgijom bili su potpuno intaktni po celoj
cilindriénoj povrsini.

Ispitivanja &vrstoce pri pritisku cementne koSuljice,
preko izvadenih kernova @80mm, sprovedena su na
bazi aktuelne tehni¢ke regulative, odnosno na bazi
odredaba relevantnih SRPS standarda, kao i internih
metoda Instituta za materijale i konstrukcije Gradevin-
skog fakulteta — Beograd (IMK).

Ovde se napominje da je cementa koSuljica na dan
ispitivanja imala starost od svega 5 dana, pa je stoga
¢vrstoca pri pritisku dobijena na uzorcima te starosti
svedena na normativnu starost od 28 dana, odnosno na
¢vrstocu fy 2s.

Rezultati sprovednih ispitivanja cementne koSuljice
dati su u tabeli 1.

concentrated pressure on the screed is naturally
transmitted over the larger areas. But in such cases, low
quality of the screed can have a negative effect on the
capacity and durability of the overall floor construction.

As an illustration of the quality of a cement screed, in
the further text, the results of physico-mechanical
characteristics of the screed laid in two different facilities
are shown.

In the case of facility A, plates of granite ceramics
were planned to be the final floor overlays. Before
application of the floor overlays, it is necessary to
determine the quality of the screed. It should be
mentioned that this type of floor is primarily exposed to
equally distributed surface pressure.

In the case of facility B, a self-priming epoxy floor
was already laid over the screed, since it was a
warehouse where electric-pallet forklifts are moved
between the shelves, which means that the given floor
is under considerable concentrated pressure.

2 QUALITY TESTING RESULTS OF CEMENT
SCREEDS IN FACILITY A

The cement screed in the building was laid based on
the following technical requirements defined in the bill of
quantities and priced bill of quantities.

Cement screed 4cm thick is to be laid over concrete
surface which should be previously cleaned and
washed. The mortar for screed is made with sifted gravel
in the ratio 1 : 3. The Q188 screed reinforcement grid
should be placed in the middle of the layer. The upper
surface of the sheath should be pargeted and cured until
the hardening process is complete.

In the given case the quality testing of the laid
cement sheath was performed after the visual
macroscopic examination of its surface, after which it
was decided that the compressive strength of the
applied mortar composition should be examined by
means of three extracted kerns with a diameter of
50mm. However, the extraction of kerns confirmed what
was determined by visual inspection: the screed was not
characterized by a high level of physico-mechanical
properties. Namely, during the extraction of kerns of
@50mm, due to significant rotation speed of the diamond
drill crowns, two kerns were completely destroyed, and
therefore a larger drill with diameter of 80mm was used.
The kerns taken with that drill were completely intact
across the whole cylindrical surface.

Compressive strength testing of the cement screed
through extracted kerns of @80mm was conducted on
the basis of the current technical regulations i.e. based
on the provisions of the relevant SRPS standards, as
well as the internal methods of the Institute for Materials
and Structures of the Faculty of Civil Engineering -
Belgrade (IMK).

It must be mentioned that the cement screed on the
day of testing was 5 days old, and therefore the
compressive strength obtained on those samples was
reduced to standard 28 days, that is, the strength of fi 2s.

The testing results of the cement screed are given in
Table 1.
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Tabela 1. Rezultati ispitivanja ¢vrstoce pri pritisku dobijeni na kernovima A0 mm
Table 1. Compressive strength results obtained on kerns of A0 mm

Broj uzorka| Starost | Precnik/visina Silaloma Cvrstoc¢a (Strength) Koef. korekcije| Cvrstoca
(The (dani) (The diame- | (Failure force) (MPa) za starost (Strength)
number of | (The age ter/height) cilindar |kocka (cube)| (Reduction
specimen) | (in days)) (mm) (kN) (cylinder) d=20cm | factor for age) | fi2s (MPa)
1 ccas 80/80 32,0 6,37 6,43 2,00 12,86
2 ccas 80/80 20,0 3,98 4,02 2,00 8,04
3 ccas 80/80 26,0 517 5,22 2,00 10,44

S obzirom na prikazane rezultate, proizilazi da
srednja vrednost ¢vrstoce pri pritisku iznosi sredvred. Tk 28
= 10,44 MPa, dok je minimalna ¢&vrstoca min fk2s = 8,04
MPa, na osnovu Cega sledi zakljuCak da ispitivana
koSuljica, ukoliko se na nju primene odredbe regulative
koje se odnose na malterske kompozicije, ispunjava
uslove za malter marke M10.

Uzimaju¢i u obzir ostvarenu ¢&vrstocu, odnosno
marku maltera M10, a imajuéi u vidu i mrezastu
armaturu Q188 primenjenu u okviru koSuljice, kao i
¢injenicu da ¢e predmetna koSuljica sluziti kao podloga
za lepljenje plota od granitne keramike dimenzija
60°60°1 cm, kona¢no je zaklju€eno da cementna
koSuljica o kojoj je re¢ u konkretnim uslovima
eksploatacije poseduje zadovoljavajuéi kvalitet.

3 REZULTATIISPITIVANJA KVALITETA
CEMENTNE KOSULJICE U OBJEKTU B

Cementna koSuljica u objektu B izvedena je na
osnovu sledecih tehnickih uslova definisanih u predmeru
i predra¢unu radova:

Cementnu koSuljicu D=5cm izvesti sa évrstocom pri
pritisku koja ¢e odgovarati betonu marke MB 25. Osim
toga, koSuljica treba da ima povrSinsku zateznu évrstocu
(pull-off test) min. 1,5MPa. KoSuljicu spravijati sa
separisanim agregatom 75% frakcije 1 i 25% frakcije 2,
uz primenu superplastifikatora i polipropilenskih ili
staklenih vlakna. Gornju povrSinu koSuljice fino nivelisati
i negovati dok ne ocvrsne.

Napred navedeni vrlo strogi tehnicki uslovi
podrazumevali su obavezu sprovodenja prethodnih
ispitivanja radi dokazivanja kvaliteta koSuljice, ali isto
tako i obavezu vrSenja odgovarajuéih kontrolnih
ispitivanja u fazi izvodenja radova. Medutim, to nije
uradeno, pa je koSuljuca najverovatnije izvedena na
klasi¢an nacin — isklju¢ivo spravljanjem maltera ,vlaznog
kao zemlja“ sa prosejanim Sljunkom ,jedinicom“ u
razmeri 1:3. Ovaj malter je nakon spravljanja ugraden na
klasiCan nacin, pri ¢emu je od klasi¢nog postupka
odstupljeno samo u fazi zavrSne obrade povrsine, koja je
izvedena primenom helikopter-gladilica.

Preko cementne koSuljice izveden je, projektom
predviden, samorazlivajuéi epoksidni pod, nakon ¢ega je
objekat pusten u eksploataciju. Na povrsini poda su se
vrlo brzo nakon pocetka eksploatacije objekta pojavila
oSteéenja za koje je bilo ocigledno da su posledica
niskog kvaliteta cementne koSuljice. Ova oStec¢enja, koja
su bila prisutna narocito na delovima transportnih puteva
(izmedu regala sa robom) po kojima se krecu elektro-
paletni viljuskari, bila su sledeéa:

- manje ili viSe izraZzena ulegnuéa povrsine,

Considering the presented results, it appears that the
average value of compressive strength iS mean valuefk 28 =
10,44 MPa, while the minimum strength min fx 28 = 8,04
MPa, M where it can be concluded that the screed, if
the regulation provisions regarding mortar composition
are applied, satisfies the requirements for M10 mortar.

Taking into account the achieved strength i.e. mortar
M10, and also taking into consideration the applied
reinforcement grid Q188, and the fact that the given
screed will serve as the base for laying ceramic granite
panels with dimensions of 60°60°1 cm, the final
conclusion is that the tested cement screed for the given
conditions of exploitation has a satisfactory quality.

3 THE QUALITY TESTING RESULTS OF THE
CEMENT SCREEDS IN FACILITY B

Cement screeds in facility B was laid according to
the following technical requirements defined in the bill of
quantities and priced bill of quantities.

The cement screed with D = 5¢cm should be laid with
compressive strength, which will match the MB
25concrete. In addition, the screed should have a
surface tensile strength (pull-off test) min. of 1.5 MPa.
The screed should be made with separated aggregate of
75% of fractions 1 and 25% of fraction 2, with the use of
superplasticizer and polypropylene or glass fibers. Top
screed surface should be finely pargeted and cured until
the hardening process is complete.

The above mentioned strict technical requirements
meant obligatory preliminary testing in order to
determine the quality of the screed, as well as the
obligatory control tests during construction work.
However, this was not done, and probably the screed
was prepared in a traditional way - only by making "wet
as land" mortar with griddle gravel "unit" in the ratio of 1
to 3. After mixing, this mortar was laid in a traditional
way, with the only exception being made in the stage of
final surface treatment, which was performed using a
helicopter-smoother.

Over the cement screed a self priming epoxy floor
was laid according to the project and after which the
facility was put into service. As soon as the exploitation
started the damages appeared on the surface of the
floor caused by the low quality of cement screed. These
damages, which were present primarily in the areas of
transportation routes (between shelves of goods) where
the electro-pallet forklifts were driven, included the
following:

- More or less obvious sag of the surface

- Cracks in the final epoxy overlay,
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- pukotine u zavr$noj epoksidnoj oblozi,

- odvajanja epoksidne obloge od cementne koSu-
lice, izuzetno lako krunjenje cementne koSuljice na
mestima gde je prvo doSlo do odvajanja, a kasnije,
tokom eksploatacije objekta, i do "otvaranja" poda usled
uklanjanja zavrsne obloge (slika 1).

r

- Separation of the epoxy overlay from the cement
screed,

- Very easy crumbling of the cement screed where
in the areas of separation, and later during the exploi-
tation of the facility, the "opening" of the floor appeared
due to the removal of the final overlay (Figure 1).

k|

Slika 1. Detalj ,otvaranja“ poda usled niskog kvaliteta cementne koSuljice
Figure 1. The detail of "opening"of the floor due to the low quality cement screed

Ovde se napominje da je na svim mestima na kojima
je, usled niskog kvaliteta koSuljice, doSlo do “otvaranja”
poda bila potpuno evidentna "troSnost" koSuljice — ona
se lako krunila i ostavljala utisak praktiéno nevezanog
zrnastog materijala.

Kvalitet cementne koSuljice o kojoj je re¢, odnosno
njene fizicko-mehani¢ke karakteristike, ispitane su na
dva nacina:

- preko izvadenih kernova, kojom prilikom je
sprovedeno ispitivanje zapreminske mase i c¢vrstoce
koSuljice pri pritisku, i

- primenom pull-off testa.

Ispitivanje preko izvadenih kernova podrazumevalo
je vadenje iz cementne koSuljice sedam cilindara-
kernova K1-K7 nominalnog pre¢nika @50mm. llustracije
radi, na slikama 2, 3 i 4 prikazana su tri od sedam
izvadenih kernova, i kao Sto se vidi, svaki od tih kernova
pokazuje da izvedena cementna koSuljica ima debljinu
vecu od 5cm.

It is mentioned here that in all areas where the
"opening" of the floor appeared, the "dilapidation” of
screed was completely evident due to its low quality - it
was easily crumbled and it left the impression of
unbounded grain material.

The quality of cement screed and its physico-
mechanical properties were examined in two ways:

- by using extracted kerns. This was conducted
during the testing of the strength and mass strength of
the screed,

- by using the pull-off test.

Testing by using extracted kerns meant the removal
of seven cylindrical kerns K1-K7 with the nominal
diameter of @50mm from the cement screed. In order to
illustrate this, figures 2, 3 and 4 show three of 7
extracted kerns, and as it can be seen, each of these
shows that the applied cement screed has a thickness
larger than 5cm.

& B ~

t &

#

txa

Slike 2 i 3. Kernovi K1 i K2 i mesta njhovog vadenja
Figures 2 and 3. Kerns K1 and K2 and places of their extraction
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Slika 4. Kerni K7 i mesto negovog vadenja
Figure 4. Kern K7 and places of him extraction

Tabela 2. Rezultati ispitivanja cilindara-kernova
Table 2. The test results for kern specimens of A0 mm

Visina uzorka

e . Cvrstoca .
Oznaka Hiprecnik & Zapremins Sila loma cilindra Faktor Curstoca
uzorka é”iﬂ?fe%f ka masa (Lljzzfaﬁlrllj(li (The | redukcije k(%%kee fix= /0,85 | fi28= 0,75xf
(The H/d?ameter ) (Density) force of strength of |(Reduction strength of k'k(_MIl;’a), k'Zﬁle,Da) N
sple(l:)ln;)en (g specimen) specimen) factor) the cube) f
abel g/m A r
(mm;gm) (kN) (MPa) (MPa)
K1 57,0/50,0 1870 10,0 5,10 1,021 5,21 6,13 4,60
1,14
K2 75,1/50,0 1932 10,0 5,10 1,075 5,48 6,45 4,84
1,50
K3 54,0/50,0 1834 18,0 9,17 1,012 9,28 10,92 8,19
1,08
K4 57,0/50,0 1988 14,0 7,14 1,021 7,29 8,58 6,44
1,14
K5 110,0/50,0 2179 11,0 5,61 1,180 6,62 7,79 5,84
2,20
K6 76,0/50,0 2051 14,0 7,14 1,078 7,70 9,06 6,80
1,52
K7 63,0/50,0 1850 16,0 8,15 1,039 8,47 9,96 7,47
1,26

U nastavku se daju objasSnjenja za neke veli¢ine koje
su date u tabeli 2.

r - faktor redukcije ¢vrstoée zbog "izduzenosti"
uzorka: r = 0,85 + 0,15-(H/@);

fx - ¢vrstoca koSuljice svedena na uzorak oblika
kocke sa ivicama duzine 20cm: fx =r f;

fik - ¢vrstoca koSuljice na dan ispitivanja svedena na
uzorak oblika kocke sa ivicama duzine20cm, ispitan u
laboratorijskim uslovima;

fk,28 - Gvrstoca koSuljice pri starosti od 28 dana;
¢vrstoca kocke sa ivicama duzine 20cm ispitana u
laboratorijskim uslovima, a uzimajuéi u obzir, izmedu
ostalog, i starost koSuljice u vreme ispitivanja od preko
godinu dana (faktor redukcije 0,75).

Ispitivanje kernova K1 - K7, koji su odgovarali
koSuljici starosti od oko godinu dana, podrazumevalo je
propisanu pripremu uzoraka-epruveta, njihovo ispitivanje
pod silama pritiska i obradu rezultata, pri ¢emu je sve to

The symbols in the above table denote the following:

r - factor of strength reduction due to sample
elongation of: r = 0,85 + 0,15-(H/Q);

fk - strength of the screed reduced to a cube sample
with an edge length of 20cm: fi =r f¢

fkx - strength of the screed on the day of testing
reduced to a cube sample with an edge length of 20cm,
tested in laboratory conditions;

fk,28 - strength of a 28 day old screed; strength of the
cube with an edge length of 20cm
tested in laboratory conditions, taking into account
among other factors the age of the screed over one year
old during the testing (the reduction factor of 0.75).

The testing of kerns K1 - K7, corresponding to one
year old screed, meant the preparation of the sample-
tubes, their testing under the pressure forces and
processing the results, where everything is done

according to the provisions of the valid local standards,
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uradeno saglasno odredbama vaZe¢ih domacih
standarda, odnosno prema relevantnim odredbama
pravilnika BAB 87.

Rezultati ispitivanja uzoraka-epruveta K1- K7
prikazani su u tabeli 2.

Na osnovu prikazanih rezultata ispitivanja moze se
naciniti sledeci pregled ¢vrstoca koSuljice pri pritisku i
ostvarene marke:

Na dan ispitivanja: minfkk= 6,1MPa, maxfk k=
10,9MPa, sred.vred.fk,k: 8,4MPa;

Na 28 dana: minfk2s= 4,6MPa, maxfkk= 8,2MPa,
sred.vred-fk,28= 6,3MPa — M(B)<<25

Na bazi datih rezultata ispitivanja i njihove analize
proizilazi da predmetna koSuljica ne zadovoljava
postavljen uslov za marku M(B) 25.

Ispitivanje primenom pull-off testa sprovedeno je na
ukupno 3 merna mesta. Ova mesta, oznacena sa P1, P2
i P3, ilustracije radi, prikazuju se na slikama 5, 6i 7.

Napominje se da je pri predmetnim ispitivanjima
koriSéena aparatura DYNA Proceq, Haft priifer Pull-off
Tester 216, koja omoguéava da se povrsSinska ¢vrstoéa
pri zatezanju na brojéaniku aparature ocita direktno u
MPa.

Stoga se te ¢vrstoce vide na slikama 5, 6 i 7, pri
¢emu su iste vrednosti prikazane i u tabeli 3.

and the relevant provisions of the regulation BAB 87.

Test results of sample-tubes K1-K7 are shown in
Table 2

Based on the test results the following list of values
of screed strength upon pressure and the obtained
brands can be made:

On the day of examination: minfkx= 6,1MPa, maxfkk=
10,9M Pa,mean value.fk,k: 814M Pa;

28 days later: minfk28= 4,6MPa, maxfkk= 8,2MPa, mean
value-fk,28: 6,3MPa — M(B)<<25

Based on the test results and their analysis it can be
concluded that the screed does not satisfy the
requirements for M(B) 25 brand.

Testing by using the pull-off test was carried out on 3

measuring points. These places, marked with P1, P2
and P3 are shown in Figures 5, 6 and 7.

It should be mentioned that during the testing the
apparatus was used, with direct reading of the surface
tensile strength value on the counter of the apparatus in
MPa.

These values are presented in Figures 5, 6 and 7,
with the same values shown in Table 3.

Slike 5, 6 i 7. Rezultat pull-off testa na mernim mestima P1, P2 i P3
Figures 5, 6 and 7. The pull-off test results on measuring points P1, P2 and P3
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Tabela 3. Rezultati pull-off testa
Table 3. The pull-off test results

Mesto ispitivanja
(The place of testing)

PovrSinska €vrstoéa pri zatezanju fa
(Surface tensile strength fx)

Napomena
(Note)

(MPa)
P1 1,15 Lom preko koSuljice
P2 1,79 Lom preko koSuljice
P3 0,34 Lom preko koSuljice

Na osnovu prikazanih rezultata ispitivanja moze se
za ispitivanu cementnu koSuljicu naciniti slede¢i pregled
povrSinske ¢vrstoce pri zatezanju:

On the basis of the shown test results the following
tensile surface strength values can be outlined for the
tested cement screed:

minfat= 0,34MPa, maxfar = 1,79MPa,
sredvred.fa= 1,093MPa < 1,50MPa

Uzimajuci u obzir sve napred prikazane i analizirane
rezultate ispitivanja, lako se zakljCuje da kvalitet
cementne koSuljice o kojoj je re¢ ne zadovoljava ni jedan
od dva uslova kvaliteta definisanih u predmeru i
predracunu radova. Kao prvo, proseéna povrSinska
évrstoca kosSuljice pri zatezanju iznosi oko 1,0MPa, Sto je
manje od predvidenih 1,5MPa. S druge stane, a Sto je
jo$ vaznije, umesto évrstoée koja je trebalo da odgovara
marki betona MB 25, ostavrena je prose€na &vrstoca pri
pritisku neSto iznad 6MPa, Sto je osetno nize i od
vrednosti 10MPa koja je dobijena u sluSaju objekta A.

Ukoliko se nizak kvalitet cementne koSuljice u
objektu B analizira sa aspekta &vrstoée pri pritisku od
cca 10MPa dobijene ispitivanjem koSuljice u objektu A
(za koju je re€eno da je izvedena na klasi¢an nacin,
kako u odnosu na sastav maltera tako i na postupak
izvodenja) proizilazi da su pri izvodenju koSuljice u
objektu B nacinjeni slededi bitni propusti:

- malterska meSavina je najverovatnije spravljena sa
manjom koli¢inom cementa od one koja odgovara
sastavu 1:3; da je radeno sa tim odnosom, &vrstoca pri
pritisku bi morala biti ve¢a od dobijenih cca 6MPa (cca
10MPa - kao kod objekta A);

- pri spravljanju meSavine, kao i pri ugradivanju, nije
ostvarena potrebna homogenost mase; na to ukazuje
vrlo velika disperzija rezultata ispitivanja &vrstoce pri
pritisku i povrSinske ¢vrstoce pri zatezanju;

- pri ugradivanju meSavine primenjen je nedovoljno
efikasan postupak kompaktiranja; taj postupak je u
konkretnom slu€aju obavezno morao da se sprovede
primenom vibro-letve, vibro-grede i sl.

Medutim, ovde treba navesti joS jedan, mozda
najvazniji propust. Naime, u konkretnom slu¢aju je, a
zbog vrlo strogih uslova kvaliteta koji su definisani u
projektnoj dokumentaciji, bilo obavezno sprovodenje
prethodnih ispitivanja radi dokazivanja kvaliteta koSuljice
Sto, nazalost, nije ucinjeno.

Taking into account all the analysed test results
mentioned above, it can be easily concluded that the
quality of cement screed does not satisfy neither of the
two requirements specified in the bill of quantities and
priced bill of quantities. Firstly, the average tensile
surface strength of the screed is about 1,0 MPa, which is
less than the required 1,5 MPa. On the other hand, and
more importantly, instead of the strength corresponding
to MB 25 concrete, the average compressive strength
slightly above 6MPa was achieved, which is conside-
rably lower than the value of 10MP obtained in the case
of facility A.

If the low quality of the cement screed in facility B is
analyzed compared to a compressive strength of cca
10MP obtained by screed testing in facility A (which was
prepared in a traditional way, not only in terms of mortar
composition, but also in terms of the application proce-
dure), it follows that in the case of screed preparation
and application in facilty B the following important
omissions were made:

- the mortar mixture was probably prepared by
using cement in smaller quantites than the ones
coresponding to a 1 to 3 ratio. If the mentioned ratio had
been used, the compressive strength would have been
higher than the obtained 6MPa (approximately 10MPa -
as in facility A);

- in making and embedding the mixture, the
adequate mass homogenenity was not achieved, which
is indicated by great dispersion of the results of the
compressive strength tests and surface tensile strength
tests

- in embedding the mixture an insufficiently effective
compacting process was applied. In this case, the
procedure should have been carried out by using vibro-
rods, vibro-beams and the similar.

However, another, even more serious omission
should be mentioned. Namely, in this case due to very
strict quality requirements which are defined in the
project documentation, preliminary tests should have
been done in order to determine the quality of screed,
which, unfortunately, was not done.
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4 ZAKLJUCAK

Izvodenjem na klasi¢an nacdin retko se ostvaruje
visok kvalitet cementne koSuljice. Za to postoji vise
razloga, ali cemo ovde navesti samo sledece:

- definisanje sastava koSuljice u vidu empirijskog
odnosa cement : pesak = 1 : 3, kao i iskustveno
usvajanje koli¢ine vode radi dobijanja konzistencije
malterske meSavine koja odgovara opisu ,vlazno kao
zemlja“;

- ruéni postupak spravljanja i ugradivanja malterske
meSavine, koji najéeSée ne obezbeduje dobru
homogenost i kompaktnost finalnog materijala.

Vazno je ista¢i da se homogenost i kompaktnost
izvedene koSuljice retko moze ostvariti ru¢nim
postupcima.  Visoka  homogenost, a narocito
kompaktnost, moZe se dobiti samo koriS¢enjem
odgovarajucih vibratora u fazi ugradivanja (vibro-letvi,
vibro-greda i sl.), ili primenom savremene opreme
specijalno namenjene za izvodenje cementnih koSuljica.
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Svojstva,

REZIME

KVALITET CEMENTNE I§O§ULJ‘I’CE PRI NJENOM
IZVODENJU NA KLASICAN NACIN

Rada RADULOVIC
Mihajlo MURAVLJOV
Ivan DENISENKO

Spravljanje i ugradivanje cementne koSuljice
(estriha), kod nas, najéeS¢e se izvodi u klasiénom-
tradicionalnom obliku. U okviru klasi¢nog postupka izvo-
denja cementne koSuljice ne propisuju se neophodne
fiziko-mehanitke karakteristike date malterske kompo-
zicije, koje mogu znaéajno da variraju u zavisnosti od
upotrebljene koli¢ine vode, ali joS viSe u funkciji ostva-
rene zbijenosti. U radu su prikazani rezultati ispitivanja
Svrstoce pri pritisku i povrSinske ¢vrstoce pri zatezanju,
primenom pull-of testa, cementnih koSuljica izvedenih u
dva razli¢ita objekta. U prvom slu¢aju re€ je o podu koji
je izlozen jednako podeljenom opterecenju, a u drugom
predmetni pod je izlozen znacajnim koncentrisanim
optere¢enjima. Zaklju€ci, izvedeni na osnovu analize
dobijenih rezultata, pokazuju da razlog niskog kvaliteta
estriha mozZe biti nedefinisanost sastava cementne
koSuljice i nacin ugradivanja ruénim postupkom koji ne
obezbeduje dobru homogenost i kompaktnost.

Kljuéne re€i: Cementna koSuljica, kvalitet, fizicko-
mehanicka svojstva, ¢vrstoca na pritisak, kompaktnost.

4 CONCLUSION

Using a traditional way rarely results in a high quality
of the cement screed. There are several reasons some
of which are mentioned below:

- determining the screed composition by applying a
cement : sand ratio of 1 : 3, as well as by using water the
quantity of which is determined by experience in order to
obtain consistency of the mortar mixture that suits the
"wet as a land"description.

- the manual procedure of making and embedding
mortar mixture usually does not provide good
homogeneity and compactness of the final material.

The importance of homogeneity and compactness of
the prepared screed is particularly emphasized, which,
unfortunately, can rarely be achieved by using manual
procedures. High homogeneity, especially compactness
can be obtained only by using a vibrator at the
appropriate stage of embedding (vibro-rods, vibrating-
beam, etc.),or by using modern equipment specially
designed for the preparation and application of cement
screed.

[4] A.M. Neville,: Properties of concrete, Pitman
Publishing, London, Gradevinska knjiga,
Beograd, 1976.

[5] Priruénik i prilozi za primenu pravilnika za beton |
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SUMMARY

QUALITY OF A CEMENT SCREED PREPARED AND
APPLIED IN A TRADITIONAL WAY

Rada RADULOVIC
Mihajlo MURAVLJOV
Ivan DENISENKO

Making and embedding a cement screed, in our
country is usually performed in a traditional way. In the
classical procedure of the cement screed preparation
and apllication  the necessary physico-mechanical
properties of a given mortar composition are not
standardised. Therefore, they can significantly vary,
depending on the quantity of the used water, but even
more in the degree of achieved compactness.The work
presents the compressive strength and surface straining
test results by using the pull-off test where the cement
screed was prepared and laid in two different
facilities. In the first case, the floor was exposed to
evenly distributed load, whereas the floor in the second
facilty was exposed to concentrated load. The
conclusions drawn on the basis of the analysed results
indicate that low quality screed was obtained due to the
undefined composition of the cement screed and
mannual embedding procedure which does not provide
good homogeneity and compactness.

Key words: Cement screed, quality, physico-mecha-
nical properties, compressive strength, compactness.
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UPUTSTVO AUTORIMA’

Prihvatanje radovai vrste priloga

U Casopisu Materijli i konstrukcije Stampace se neobja-
vljeni radovi ili ¢lanci i konferencijska saopstenja sa odre-
denim dopunama ili bez dopuna, prema odluci Redakcionog
odbora, a samo izuzetno uz dozvolu prethodnog izdavaca
prihvati¢e se i objavljeni rad. Vrste priloga autora | saradnika
koji ¢e se Stampati su: originalni nau¢ni radovi, prethodna
saopsStenja, pregledni radovi, struéni radovi, konferencijska
saopStenja (radovi sa nau¢no-stru¢nih skupova), kao i ostali
prilozi kao Sto su: prikazi objekata i iskustava - primeri,
diskusije povodom objavljenih radova i pisma urednistvu,
prikazi knjiga i zbornika radova, kao i obaveStenja o
naucno-strucnim skupovima.

Originalni naucni rad je primarni izvor naucnih informa-
cija i novih ideja i saznanja kao rezultat izvornih istraZivanja
uz primenu adekvatnih nau¢nih metoda. Dobijeni rezultati
se izlaZzu kratko, jasno i objektivno, ali tako da poznavalac
problema moZe proceniti rezultate eksperimentalnih ili
teorijsko numerickih analiza i tok razmisljanja, tako da se
istrazivanje moze ponoviti i pri tome dobiti iste ili rezultate u
okvirima dopustenih odstupanja, kako se to u radu navodi.

Prethodno saopStenje sadrZi prva kratka obaveStenja o
rezultatima istraZivanja ali bez podrobnih objaSnjenja, tj.
krace je od originalnog nau¢nog rada. U ovu kategoriju
spadaju i diskusije o objavljenim radovima ako one sadrze
naucne doprinose.

Pregledni rad je naucni rad koji prikazuje stanje nauke u
odredenoj oblasti kao plod analize, kritike i komentara i
zakljucaka publikovanih radova o kojima se daju svi neop-
hodni podaci pregledno i kriticki ukljucujuci 1 sopstvene
radove. Navode se sve bibliografske jedinice koris¢ene u
obradi tematike, kao i radovi koji mogu doprineti rezultatima
daljih istrazivanja. Ukoliko su bibliografski podaci metodski
sistematizovani, ali ne i analizirani i raspravljeni, takvi
pregledni radovi se klasifikuju kao struéni pregledni radovi.

Strucni rad predstavlja koristan prilog u kome se iznose
poznate spoznaje koje doprinose Sirenju znanja i prila-
godavanja rezultata izvornih istrazivanja potrebama teorije i
prakse. On sadrZi i rezultate razvojnih istrazivanja.

Konferencijsko saopstenje ili rad sopSten na naucno-
struénom skupu koji mogu biti objavljeni u izvornom obliku ili
ih autor, u dogovoru sa redakcijom, bitno preradi i proSiri. To
mogu biti naucni radovi, naroCito ako su sopstenja po
pozivu Organizatora skupa ili sadrze originalne rezultate
prvi put objavljene, pa ih je korisno uz odredene dopune
uciniti_dostupnim Siroj strunoj javnosti. Stampace se i
strucni radovi za koje Redakcioni odbor oceni da su od Sireg
interesa.

Ostali prilozi su prikazi objekata, tj. njihove konstrukcije i
iskustava-primeri u gradenju i primeni razliitih materijala,
diskusije povodom objavljenih radova i pisma urednistvu,
prikazi knjiga i zbornika radova, kao i obaveStenja o
naucno-strucnim skupovima.

Autori uz rukopis predlazu kategorizaciju ¢lanka. Svi
radovi pre objavljivanja se recenziraju, a o prihvatanju za
publikovanje o njihovoj kategoriji kona¢nu odluku donosi
Redakcioni odbor.

Da bi se ubrzao postupak prihvatanja radova za
publikovanje, potrebno je da autori uvaZzavaju Uputstva za
pripremu radova koja su navedena u daljem tekstu.

Uputstva za pripremu rukopisa

Rukopis otkucati jednostrano na listovima A-4 sa
marginama od 31 mm (gore i dole) a 20 mm (levo i desno),
u Wordu fontom Arial sa 12 pt. Potrebno je uz jednu kopiju
svih delova rada i priloga, dostaviti i elektronsku verziju na
navedene E-mail adrese, ili na CD-u. Autor je obavezan da
¢uva jednu kopiju rukopisa kod sebe zbog eventualnog
oStecenja ili gubitka rukopisa.

Od ovog broja, prema odluci Upravnog odbora
DruStva i Redakcionog odbora, radovi sa pozitivnim
recenzijama i prihvaéeni za Stampu, publikovaée se na
srpskom i engleskom jeziku.

" od ovog broja uputstvo autorima je modifikovano i treba
ga, u pripremi radova, slediti.

Svaka stranica treba da bude numerisana, a optimalni
obim ¢lanka na jednom jeziku, je oko 16 stranica (30000
slovnih mesta) ukljucujuci slike, fotografije, tabele i popis
literature. Za radove veéeg obima potrebna je saglasnost
Redakcionog odbora.

Naslov rada treba sa $to manje reci (pozZelijno osam, a
najvise do jedanaeset) da opiSe sadrzaj clanka. U naslovu
ne Kkoristiti skracenice ni formule. U radu se iza naslova daju
ime i prezime autora, a titule i zvanja, kao i ime institucije u
podnoznoj napomeni. Autor za kontakt daje telefone, faks i
adresu elektronske poSte, a za ostale autore poStansku
adresu.

Uz sazetak (rezime) od oko 150 do 200 reci, na
srpskom i engleskom jeziku daju se klju¢ne reci (do deset).
To je jezgrovit prikaz celog ¢lanka i citaocima omogucuje
uvid u njegove bitne elemente.

Rukopis se deli na poglavlja i potpoglovlja uz numera-
ciju, po hijerarhiji, arapskim brojevima. Svaki rad ima uvod,
sadrzinu rada sa rezultatima, analizom i zaklju¢cima. Na
kraju rada se daje popis literature.

Kod svih dimenzionalnih veli¢ina obavezna je primena
medunarodnih S| mernih jedinica.

Formule i jednacine treba pisati paZzljivo vodeci ratuna o
indeksima i eksponentima. Koristiti Equation Editor.
Autori uz izraze u tekstu definSu simbole redom kako se
pojavljuju, ali se moze dati i posebna lista simbola u prilogu.

Prilozi (tabele, grafikoni, sheme i fotografije) rade se u
crno-beloj tehnici, u formatu koji obezbeduje da pri
smanjenju na razmere za Stampu, po Sirini jedan do dva
stupca (8cm ili 16.5cm), a po visini najviSe 24.5cm, ostanu
jasni i Citljivi, tj. da velicine slova i brojeva budu najmanje
1.5mm. Originalni crtezi treba da budu kvalitetni i u
potpunosti pripremljeni za presnimavanje. Mogu biti i dobre,
ostre i kontrastne fotokopije. Koristiti fotogrfije, u crno-beloj
tehnici, na kvalitetnoj hartiji sa oStrim konturama, koje
omogucéuju jasnu reprodukciju. Skracenice u prilozima
koristiti samo izuzetno uz obaveznu legendu. Prilozi se
posebno oznacavaju arapskim brojevima, prema redosledu
navodenja u tekstu. Objasnjenje tabela daje se u tekstu.

Potrebno je dati spisak svih skrac¢enica koriS¢enih u
tekstu.

U popisu literature na kraju rada daju se samo oni
radovi koji se pominju u tekstu. Citirane radove treba
prikazati po azbuénom redu prezimena prvog autora.
Literaturu u tekstu oznaciti arapskim brojevima u uglastim
zagradama, kako se navodi i u Popisu citirane literature,
napr [1]. Svaki citat u tekstu mora se naci u Popisu citirane
literature i obrnuto svaki podatak iz Popisa se mora navesti
u tekstu.

U Popisu literature se navode prezime i inicijali imena
autora, zatim potpuni naslov citiranog €lanka, iza toga sledi
ime Casopisa, godina izdavanja i poCetna i zavrSna stranica
(od - do). Za knjige iza naslova upisuje se ime urednika (ako
ih ima), broj izdanja, prva i poslednja stranica poglavlja ili
dela knjige, ime izdavaca i mesto objavljivanja, ako je
navedeno vise gradova navodi se samo prvi po redu. Kada
autor citirane podatke ne uzima iz izvornog rada, vec¢ ih je
pronaSao u drugom delu, uz citat se dodaje «citirano
prema...». Neobjavljeni ¢lanci mogu se pominjati u tekstu
kao «usmeno saopStenje»

Autori su odgovorni za izneseni sadrZzaj i moraju sami
obezbediti eventualno potrebne saglasnosti za objavljivanje
nekih podataka i priloga koji se koriste u radu.

Ukoliko rad bude Erihvaéen za Stampu, autori su duzni
da, po uputstvu Redakcije, unesu sve ispravke i dopune u
tekstu i prilozima.

Za detaljnija tehnicka uputstva za pripremu rukopisa
autori se mogu obratiti Redakcionom odboru ¢asopisa.

Rukopisi i prilozi objavljenih radova se ne vracaju. Sva
eventualna objaSnjenja i uputstva mogu se dobiti od
Redakcionog odbora.

Radovi se mogu slati i na e-mail: folic@uns.ac.rs ili
miram@uns.ac.rs.
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