SELECTION OF ECONOMIC CROSS-SECTION OF PRECAST
REINFORCED CONCRETE PURLINS

M360P EKOHOMUYHOI NMPECEKA NPE®ABPUKOBAHUX
APMUPAHOBETOHCKUX POXHAYA

Danica Goles?!
Derd Varju?
Oliver Vajda®

Summary: The selection of the cross
section of precast reinforced concrete
(RC) purlins is performed in the function
of their span and load, while the spacing
of these elements is chosen according
to the bearing capacity and deformability
of the roof cover. This paper presents an
analysis of the consumption and price of
the materials for the production of
precast RC purlins of 6.0 m span for
different spacing, shapes and dimen-
sions of the cross section, aiming to
achieve the minimum total cost of
materials for production of the purlins of
a two-bay hall, with meeting the
requirements of resistance, service-
ability and durability.
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1. INTRODUCTION

The most important condition which,
from the aspect of the constructor, one
structure should fulfill is its reliability. On
the other hand, a demand that, in
addition to its functionality, is of the
greatest interest for the investor is its
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Pe3ume: W3b6op nonpeyHor npeceka
npedabpukoBaHux AB poxtada BpLUK
ce Yy (yHKUMjM HUXOBOr pacnoHa u
ontepehewa, [OK Ce pa3mak OBWUX
enemeHata Gupa npema HOCMBOCTU W
AedopMabunHocT KpPOBHOI MOKpMBaA-
ya. Y pagy je npukasaHa aHanusa
yTpOLLKa 1 LieHe MmaTepuyjana 3a u3pagy
npedabpvkoBaHnx AB poxrada pac-
noHa 6.0 m, 3a pasnuunte pasmake,
obnuke w1 AWMeHsuje  nonpeyHor
npeceka, 4unju je UMb 6o NocTusawe
MUHMMAIHe YKyrnHe LUeHe maTtepwujana
3a wu3Bohewe poxrwada jegHe [BO-
6pooHe xane, y3 WCMyweHe 3axTeBa
HOCMBOCTK, ynoTpebrbnBocTn u Tpaj-
HOCTW.

KrbyuyHe peuu: [lpecabpukoBaHe
apMUpaHOOETOHCKE pOXHbave, EKOHO-
MuyaH obnuK, yTpollak matepujana

1. yBO[

HajsaxHnju ycnoB koju, ca acnekta
KOHCTpyKTepa, Tpeba ga ucnyHu jegHa
KOHCTPYyKUMja je weHa noysgaHocT. Ca
Apyre cTpaHe, 3axTeB Koju, nopej
PYHKUMOHAMHOCTK, HajBule 3aHMMma
MHBECTWTOpPA je EKOHOMMWYHOCT, Koja ce
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economy, which is most often reduced
to the minimum cost of construction and
use of the facility. In order to meet these
two basic requirements, a number of
alternative solutions, which are selected
based on the experience of the designer
and recommendations from the
literature ([1], [2]), are considered when
designing a structure.

The production of reinforced concrete
and prestressed elements in the
prefabrication plants has a number of
advantages over the production of the
elements by in-situ concrete casting [1].
From the aspect of economy, the cost-
effectiveness of selecting more complex
shapes of cross section of the elements
is especially emphasized. By using T or
| cross sections instead of rectangular
ones, the lighter elements of equal
bearing capacity are obtained, along
with lower concrete consumption.
However, the selection of more complex
cross sections does not necessarily
mean more cost-effective structure, as
shown in the analysis that will be
presented in this paper.

The undergraduate academic studies
final thesis topic of the third author of this
paper was the design of RC structure of
a precast two-bay hall with dimensions
of the base 2x17x42 m [3]. In the thesis,
the dimensions of precast RC elements
are adopted on the basis of the
recommendations from the literature,
conservatively. In further dimensioning
of the elements, it turned out that the
cross sections are largely unutilized and
therefore the reinforcement was
adopted according to the minimum
percentage of reinforcement. In order to
achieve a more rational solution,
attention is directed at the purlins, as the
most numerous elements in the
structure, which can significantly affect
its total cost. In [4] and [5], the influence
of the spacing and shape of the cross
section (and, in relation to this, the
dimensions) of the purlins on material
consumption per m? of the base area of
the hall, was analyzed. The analysis
showed that for the given location and

Hajuyewhe cBOAM HAa MUHMMAIHY LEHY
u3page u ekcnnoatauuje objekta. [1a 6u
Ce ucrnyHuna oBa Ba OCHOBHA 3axTeBa,
NPUITMKOM MpPOjeKTOBaka KOHCTpyKuMje
pa3maTpa ce Behu 6poj antepHaTUBHUX
pewera, koja ce Oupajy Ha OCHOBY
npenopyka u3 nutepatype ([1], [2]) n
MCKyCTBa CaMor npojekTaHTa.

W3papa apMnpaHo6eTOHCKMX 7
NPEeTXOAHO HamnperHyTux ernemMeHara y
noroHnma 3a npedabpukaunjy uma Hu3
npegHoCTM y ofHocy Ha u3Bohewe
eremeHaTa nueBerwem 6eToHa Ha nuuy
mecTa [1]. Ca acnekta eKOHOMUYHOCTH
nocebHo ce wcTu4e wUCNIaTUBOCT
n3bopa CnoxeHujux obnuka nonpeyHor
npeceka enemeHata. lNMpumeHom T unu |
npeceka YMeCTO MyHWX NPaBOYraoHWX
nobujajy ce nakwu enemeHTV jeaHake
HOCMBOCTM, Y3 MakbM yTpoliak 6eToHa.
MehyTtum, n3bop CITOXXEHUjUX
NonpeyYyHnX npeceka He 3Ha4u HYXXHO ”
€KOHOMUYHWjY KOHCTPYKLMjY, Kao WTo je
nokasana aHanu3a koja he 6utn
npvkasaHa y oBom pagy.

Tema 3aBplWHOr paga OCHOBHUX
akagemckmx cTyaumja Tpeher ayTtopa
oBOr paga je buna n3paga npojekta Ab
KOHCTPYKUMje MOHTaxHe aBobpogHe
xane gnmeHsmja ocHose 2x17,0x42,0 m
[3]. Y npojekty cy AOuMMeHsuje
npecdabpukoBaHux Ab enemeHaTa
YyCBOjeHe Ha OCHOBY Mpenopyka u3
nutepatype,  KoH3depBaTtusHO.  [pwu
farbeM AOMMEH3MOHUCawy enemeHarta
nokasano ce pga Cy npeceuun Maxom
HeuckopuwheHn, Te je apmaTtypa
ycBajaHa npema MUHUMAaIHUM
npoueHTUMa apmupawa. Y  Uurby
nocTmM3amwa pauuoHarnHujer pellema
naxwa je ycMepeHa Ha poxHade, kao
HajbpojHuje enemeHTe y KOHCTPYKUMjn,
KOjU MOry 3Ha4ajHO yTMLATW Ha HeHy
yKynHy ueHy. Y [4] v [5] je aHanusaH
yTuuaj pasMaka v obnuka nonpeyHor
npeceka (a ¢ TM y Be3n 1 AMMEH3unja)
poXHaya Ha yTpollak mMaTtepujana no
m? ocHoBe xane. AHanusa je nokasana
[a ce 3a gaTty nokauujy u nsabpanum tvn
KPOBHOI  MOKpuBava " pa3mak
nonpeyHMx pamoBa HajHWKa LeHa
MaTepujana 3a wusBohewe poxrada
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the selected type of the roof cover and
the spacing of the transverse frames,
the lowest price of the material for the
production of the purlins is achieved by
selecting a rectangular cross section.

2. ANALYSIS PROCEDURE

The objective of the analysis is the
selection of the spacing, shape and
dimensions of the cross section of the
precast RC purlins that meets the
requirements of resistance,
serviceability and durability, with a
minimum total material cost per m? of the
base area of the hall. As the required
degree of fire resistance is not defined in
the project task, this condition is not
further considered.

The hall is located in the urbanized part
of Subotica. In addition to the self-weight
of roof cover and the purlins, the snow
load so= 0.75 kN/m? and the maximum
wind load Qwmax=0.464 kN/m? are
included in the analysis. The span of
purlins is constant | = 6.0 m, determined
by the spacing of the main roof girders -
beams of the transverse frames. Roof
cover consists of steel sandwich panels,
whose thickness is determined for each
analyzed purlin spacing separately. Four
realistically possible purlin spacing were
selected: A = 163.5; 204; 272.5 and 408
cm, for n = 10, 8, 6 and 4 purlins along
one field and one bay of the hall.

b

NnocTnxe I/I360pOM npaBoyraoHor non-
pedHor npeceka.

2. NOCTYNAK AHAITU3E

Unb aHanuse je wn3bop pasmaka,
obnuka wn  OMMeHsuja  nonpeyHor
npeceka npedabpukoBaHnx ABb
poXHaya Koju WucnywaBa 3axTeBe
HOCMBOCTH, ynoTpebrbmBocTr "
TPajHOCTU, Y3 MUHUMATHY YKYMHY LEHY
matepwjana no m? ocHoee o6jekTa. Kako
y MPOJEKTHOM 3a4aTKy Huje AedUHUCaH
3axTeBaHW CTeneH OTMOPHOCTU Ha
noxap, OBaj YycrnoB pfarbe Huje
pasmaTtpaH.

Ob6jekaT je noumpaH y ypbaHn3oBaHOM
peny Cyb6otuue. [Mopen concteBeHe
TEXUHE KPOBHOI MOKpMBada WM cammx
poXhaya, aHanmsom je obyxBaheHo
onTtepehetse o1 cHera so = 0.75 KN/m? n
MakcumanHo ontepehewe of BeTpa
Qwmax = 0.464 kN/m?. PacnoH poxhava
je KoHcTaHTaH, ogpeheH pa3makom
rMaBHUX KPOBHUX HOcaya - purnu
nonpevyHnx pamosa, u n3Hocu | = 6.0 m.
KpoBHU nokpvBay Cy YenuyHn ceHaBuy
naHenu, 4vja ce nebromHa ogpehyje 3a
CBaKM MOCMaTpaHn pa3mak poxh.aya
nocebHo. M3abpaHa cy YyeTupmn peanHo
Moryha pasmaka poxhada: A = 163.5;
204.0; 27251408 cm,3an=10,8,6n
4 poxrade OyX jeqHor norba u jegHor
6poaa xane.

—— — —
d{
d d d
L r ), b bl’ ),
a) c)

Cnuka 1 — AHanuanpaHu obnuum nonpeyYHor npeceka: a) npaBoyraonu; b) T1 mn c) T2
Figure 1 — Analyzed shapes of cross-section: a) rectangular; b) T1 and c) T2
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Three shapes of the cross section (Fig.
1) were analyzed, for which the initial
height d = /20 was adopted, as the
lowest value  based on the
recommendations from the literature,
while the rib width br and the width of the
cross section/flanges, b was adopted
according to (1).

b=d/3

AHanusmpaHa cy Tpu 06nuvka nornpeyHor
npeceka (cnuka 1), 3a Koje je ycBojeHa
noyeTtHa BucuHa d = 1/20, kao HajMaHa
BPEeOHOCT Ha OCHOBY npenopyka wu3
nuTepartype, OOK Cy LunpuHa pebpa br 1
LUMpVHa npeceka, OAHOCHO dnaHwm, b
ycBajaHe npema (1).

- 3a npaBoyraoHu npecek / for rectangular section ,

b=0.8d; by pin=11cm -3aT1 npecek/for T1 section, (1)

Bmin =20 cm; by i, =8 cm

In cases where rib width calculated in
this way is not sufficient to fit the
reinforcement according to the design
rules given in PBAB'87 [6], it is
increased to a value that ensures the
minimum concrete cover and the
minimum spacing of the longitudinal
bars. Thickness of flanges of the T1 and
T2 cross sections was adopted as
constant: dp =15 cm.

For each analyzed purlin spacing, with
the adopted minimum cross sectional
height d, the reinforcement area
according to the ultimate limit state
(ULS) is first determined, along with the
control of the conditions of the minimum
(according to [6]) and the maximum
reinforcement ratio (according to
Eurocode 2 [7] and [8]). Then, the
calculation is done according to the
serviceability limit states (SLS). If the
crack width limit a, = 0.2 mm and/or the
deflection limit éu = /300 = 2 cm is
exceeded, the whole calculation is
repeated with the increased height d and
other dimensions of the cross section
proportionally, according to (1) or with
the changed reinforcement in the cross
section. This procedure is repeated for
each spacing and shape of the purlins
until all limit states (ULS and SLS) are
met.

- 3a T2 npecek / for T2 section

Y cnydyajeBMMa kaga OBaKO cpadvyHata
wuprvHa pebpa Huje p[JoBorbHa 3a
CcMelTaj apmaType npema npasunuma
3a obnukoBarwe gatum y MNMBAB'87 [6],
ncTa ce noBehaBa Ha BpeHOCT KOjoM ce
00e30ehyjy MUHMManHu 3alWTUTHU CHoj
6eToHa W MUHMManNHM  pasmaum
noayXHUx wunku. OebrbuHa donaHwm

T1 wn T2 npeceka je ycBojeHa
KOHCTaHTHa: dp = 15 cm.
3a cBaks aHanuaMpaHu  pasmak

poXHada MNpBO Ce Ca YCBOjEHOM
MUHMMAaNHOM BWCMHOM npeceka d
oppefyje moBplMHa apmaType npema
rpaHnyHoM cTawy HocmsocTtun (TCH), y3
KOHTPOINy ycroBa MuHUManHor (npema
MNMBAB'87 [6]) 1 makcumanHor npoueHTa
apmupatba (npema Espokoay 2 [7] n [8]).
3atTum ce BpwM npopavyH npema
rpaHWYHUM cTawMMa ynoTpebrbneocTu
(FCY). Ako je npekopaveHa rpaHuyHa
WwuprHa npcnvHa au = 0.2 mm w/vnu
rpaHnynHm yrm6 & = 1/300 = 2.0 cm, ueo
npopayyH ce noHaerba ca nosehaHom
BucMHOM d ¥ ocCTanMM AuMeH3unjama
npeceka cpasmepHo, npema (1) unu ca
NPOMEH-EHOM apMaTypoM Yy Mpeceky.
OBaj nocTynak ce MNOHaBrba 3a CBaku
pa3mak n obnuKk poxHaya cBe [oK CBa
rpaHnyHa ctawa (FCH un I'CY) He 6yny
3a0BOSbEHA.
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3. ANALYSIS RESULTS

The results of the calculation are shown
in Tables 1 to 3. For each analyzed
spacing the dimensions of the cross
section d, b and br are adopted by using
the method described in the previous
chapter. The compressive strain of the
upmost concrete fiber & and the
required reinforcement area Aa1 were
determined by the process of associated
dimensioning, after which the
reinforcement of usvAa area was
adopted. The shaded fields refer to the
cross sections that meet all limit states,
i.e. those for which the crack width ax
and the deflection in the middle of the
span & do not exceed the limit values.

3. PE3YNTATU AHAJIU3E

Pesyntat npopayyHa npukasaHu cy y
Tabenama 1 go 3. 3a cBaku aHanu-
31paHn pasMak ycBojeHe Cy AUMeH3unje
nonpeyHor npeceka d, b i by Ha HaunH
onuMcaH Yy MPEeTXOA4HOM  MOrnaerby.
Ounataumnja y KpajlbeM NPUTUCHYTOM
BrnakHy 6etoHa & M noTtpebHa nosp-
wuHa apmartype Aa1 ogpeheHe cy
NOCTYMKOM Be3aHOr AUMEH3UOHWCakba,
HaKOH 4Yera je YycBOjeHa apmarypa
noBpLUnHE UsVAa1. 3aceH4yeHa norba ce
0fHOCe Ha Mnpeceke Koju 3a40BOrbaBajy
CBa TrpaHM4yHa CcTakwa, Tj 3a Koje
KapakTepuCTUYHa LUMPUHA NPCAVHE ak U
ymmb Ha cpegvHM pacnoHa S He
npekopauyjy rpaHuyHe BpegHOCTU.

Tabena 1 — [JumMmeH3noHUCaKe poXHade NpaBoyraoHOr MOMPeYHOr npeceka
Table 1 — Design of purlins with rectangular cross-section

Mpecek/| A b| d €b Aa1 | YcBojeHo! | usvAa1 ak 5
Section| [m] [cm] [cm]| [%c] |[cm?] | Adopted | [cm?] | [mm] | [cm]
1 1.635 |11 | 30 |2.544| 2.42 | 4R@10 | 3.14 | 0.109 | 1.987
2 1.635 |12 | 30 |2.544| 2.47 | 4R@10 3.14 | 0.109 | 2.154
3 1.635 |12 | 32 | 2.27 | 232 | 4R@10 | 3.14 | 0.102 | 1.78
4 2.044 |12 | 30 3 2.96 | 4R@10 3.14 | 0.133 | 2.555
5 2.044 |12 | 32 |2.639| 2.76 | 4R@10 3.14 | 0.122 | 2.127
6 2.044 |12 | 34 | 24 | 2.65 | 4R@10 3.14 | 0.116 | 1.874
7 2725 |12 | 35 |2.563| 3.26 | 4R@12 | 4.52 0.1 | 1.803
8 408 (15| 35 | 29 | 462 | 4RT14 6.16 | 0.116 | 1.965
Tabena 2 — [JumeH3noHUcamwe poxmade T1 npeceka
Table 2 — Design of purlins with T1 cross-section
Mpecex/| A b | br d €b Aa1 | YcBOjeHO/ | usvVAa1 | ak )
Section| [m] |[[cm]|[cm]|[cm]| [%c] | [cm?] | Adopted | [cm?] | [mm] | [cm]
1 1.635 |24 | 11 | 30 |1.442| 2.68 | 4R@10 | 3.14 | 0.123 | 2.253
2 1.635 |26 | 11 | 32 |1.413| 257 | 4R@10 | 3.14 | 0.046 | 1.919
3 2.044 |26 | 11 | 32 |1571| 3.02 | 4R@10 | 3.14 | 0.138 | 2.27
4 2.044 | 26 | 12 | 34 |1.438| 282 | 4R@10 | 3.14 | 0.133 | 1.913
5 2725 |26 | 12 | 34 [1.629| 357 | 4R@12 | 4.52 | 0.119 | 1.968
6 408 |26 | 14 | 34 |2.089| 4.99 | 4RZ14 | 6.16 | 0.124 | 1.916
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Tabena 3 — [InmeH3noHncare poxtade T2 npeceka

Table 3 — Design of purlins with T2 cross-section

Mpecex/| A b | br d €b Aa1 | YcBOjeHO/ | usvVAa1 | ak S

Section| [m] |[[cm]|[cm]|[cm]| [%o] |[cm?]| Adopted | [cm?] | [mm] | [cm]
1 1.635| 20| 8 32 |1.688| 2.56 | 2RJ14 3.08 | 0.101 | 1.928
2 1635 |22 | 8 34 | 1.7 | 2.84 | 2R@14 3.08 | 0.113 | 1.929
3 1.635| 20| 8 30 | 1.79 | 257 | 1R@19 2.84 | 0.094 | 2.021
4 1.635| 20| 8 30 | 1.79 | 257 | 1R@22 3.8 0.092 | 1.777
5 2.044 |1 20| 8 32 |1.811| 2.81 | 1R@19 2.84 | 0.129 | 2.021
6 2.044 |1 20| 8 32 (1.811| 2.81 | 1R@22 3.8 0.101 | 1.758
7 2.044 120 | 8 30 2 3.00 | 1R@22 3.8 0.109 | 2.05
8 2725|122 | 8 34 | 1.82 | 3.35 | 1R@22 3.8 0.121 | 1.865
9 408 |26 | 10 | 34 | 242 | 5.27 | 2R@22 7.6 0.095 | 1.907

The consumption of steel and the total
cost of the materials are also influenced
by the stirrups, which, in addition to their
function of cross-sectional confinement,
can also take over a part of the shear
stresses. The value of the shear
stresses depends on the way the purlin
ends are shaped, i.e. the way the purlin
relies on the main roof girders. It is
common for the purlins of T1 and T2
cross sections to rely over the flange,
while the rectangular cross sections are
“incised” in the support zone, thereby
achieving the lowering of the element's
center of gravity below the support level,
i.e. their lateral stability in all stages of
production and exploitation. In the case
of supporting the elements over the rib,
additional steel elements are needed to
ensure stability of the purlins in the
transverse direction. When calculating
the price of the materials, these
elements must be taken into account as
well. In the conducted analysis, the
usual way of shaping the ends of the
purlins is adopted. In the places where it
was necessary, the stirrups were set
denser, determined by the shear
stresses.

For the shapes and dimensions of the
cross section and the longitudinal
section adopted in this way, as well as
the longitudinal reinforcement and the
stirrups, the required quantity of

Ha yTpowak uenuka W yKymHy LeHy
MaTepujana vMmajy yTuuaja u yseHruje,
Koje noped yrnore yrtesawa npeceka
mMory fAa npeyamy u geo cmuyyhumx
HanoHa ycrnef TpaHCBep3anHux cuna.
BenuunHa cmuuyhux HanoHa 3asucu of
HaymHa 06nmKoBaHa KpajeBa poXHaye,
OAHOCHO Ha4MHa ocnawama PoXxHaye
Ha rnaBHe KpoBHe Hocaye. Yobu4ajeHo
je pna ce poxwade T1 u T2 npeceka
ocnawajy npeko dnaHwe, [OK ce
npaBoyraoHu npeceum “"saceuajy" y
30HM OCnamwaha, 4YnMMe ce MoCTKe
cnywTarme TexuwTa eneMeHTa Ucnoj
HMBOA OCIOHUA, OJHOCHO HMUX0Ba
B6ouyHa cTabunHocTt y cBuUM dasama
n3sofewa n ekcnnoarauuje. Y cnyyajy
ocnawara enemeHaTa npeko pebpa
notpebHn cy OodaTHU  Yernu4HM
enemMeHT 3a ocurypamwe CTabuiHocTu
poxtaya y nonpeyHom npasuy. [pu
npopavyHy LieHe maTtepujana n oBu ce
enemMeHT Mopajy ysetn y ob63up. Y
CrpoBedeHoj aHanuMan je  yCBOjeH
yobuyajeHn HaunH obnmkoBat-a Kpajesa
poxtaya. Ha mectuma rge je 1o 6uno
notpebHoO nocTtaerbeHe cy nporywheHe
y3eHrvje oppefleHe npema HanoHWMma
cMuLama.

3a oBako ycBojeHe 0bnuke 1 guMeHsnje
MOMNPEYHOT 1 MOAYXKHOT Nnpeceka, Kao u
noayXHy  apmaTypy W  y3eHruje,
cpayyHaTa je noTpebHa KonuuuHa
6eToHa W 4enuka 3a apmaTtypy Mo
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concrete and reinforcement steel per
unit of the base area of the hall is
calculated (Figures 2 and 3). The
following unit prices of the materials
were adopted: for concrete 80 €/m3 and
0.9 €/kg for reinforcement, with which
the price of materials for production of
the purlins is calculated, shown in Table
4 and in Figures 4to 7.

0.04
c 0.035
i)
o 0.03
IS
7 o 0.025
c E
§ o= 002
< E
© — 0.015
3
S o001
o
> 0.005
0

1.635

2.044

jeaMHMLM  MOBpLUMHE OCHOBE Xane
(cnuke 2 n 3). YceojeHe cy cnepehe
jeavHnyHe ueHe martepujana: 3a 6eToH
80 €/m® n 0.9 €/kg 3a apmaTypy, ca
KojuMa je cpadyHaTa LeHa matepujana
3a u3pagy poxkada, npukasaHa y
Tabenn 4 n Ha cnukama 4 o 7.

— — T[lpaBoyraoHu/Rectangular
T1
O T2

A[m]

2.725 4.08

Cnuka 2 — YTpoliak 6eToHa 3a poXxH-aye no m? ocHose xane
Figure 2 — Consumption of concrete for purlins per m? of base area of the hall

[kg/m?]

YTpowak/Consumption
o B N W A O oo N

1.635

2.044

— — [IpaBoyraoHn/Rectangular
T1

A[m]

2.725 4.08

Cnuka 3 — YTpoLuak Yyenuvka 3a apmaTypy 3a poxHade no m? ocHoBe xarne
Figure 3 — Consumption of reinforcement steel for purlins per m? of base area of the hall

| 3BOPHUK PALJOBA NTPABEBUHCKOI ®AKYNTETA 31 (2017) |



Tabena 4 — YTpollak 1 LueHa matepujana 3a poxade no m? ocHoBe xarne
Table 4 — Consumption and price of material for purlins per m? of base area of the hall

YTpowak/Consumption LleHa/Price
YKynHa ueHa/
Mpecex/ A n BeToH/ Yenuk/ BetoH/ | Yenuk/ Total price
Section Concrete Steel Concrete | Steel
[m] [m3/m?] [kg/m?] [€E/m?] [E/m?] [E/m?]
MpasoyraoHu npecek/Rectangular cross-section
3 1.635 | 10 | 0.022588 3.14 1.81 2.83 4.63
6 2.044 | 8 0.0192 2.51 1.54 2.26 3.8
7 2.725 | 6 | 0.014824 2.268 1.19 2.04 3.23
8 4.08 4 | 0.012353 1.816 0.99 1.63 2.62
T1 npecek/T1 cross-section
2 1.635 | 10 | 0.033941 5.822 2.72 5.24 7.96
4 2.044 | 8 | 0.029082 4.658 2.33 4.19 6.52
5 2.725 | 6 | 0.022447 3.876 1.8 3.49 5.29
6 4.08 4 | 0.015765 2.888 1.26 2.6 3.86
T2 npecek/T2 cross-section
1 1.635 | 10 | 0.025294 5.795 2.02 5.22 7.24
6 2.044 | 8 | 0.020235 4.899 1.62 441 6.03
8 2725 | 6 | 0.016694 3.675 1.34 3.31 4.65
9 4.08 4 | 0.014318 2.45 1.15 2.21 3.36
lMpaBoyraoHu npecek/Rectangular section
3
Ni 25
w 2
z 15
$ 1
LII:JI_ 05 .
0
1.635 2.044 2.725 4.08
BeTtoH/Concrete Yenuk/Steel

Cnuka 4 — LleHa maTepujana 3a poxtaye No m? OCHOBe Xarne 3a NnpaBoyraoHu Npecek
Figure 4 — Price of material for purlins per m? of base area of the hall for rectangular

section
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6 T1 npecek/T1 section
€ 5
w,
4
3
v 3
o
I 2
i
1
= A[m]
0
1.635 2.044 2.725 4.08
BeToH/Concrete Yenuk/Steel

Cnuka 5 — LleHa maTepujana 3a poxmade no m? ocHose xarne 3a T1 npecek
Figure 5 — Price of material for purlins per m? of base area of the hall for T1 section

T2 npecek/T2 section

A[m]

LEHA/PRICE [€/m?]
o = N w » ] ¢

1.635 2.044 2.725 4.08
BeToH/Concrete

Yenuk/Steel

Cnuka 6 — LleHa maTepujana 3a poxHade no m? ocHoBe xarne 3a T2 npecek
Figure 6 — Price of material for purlins per m? of base area of the hall for T2 section

— — T[lpaBoyraoHu/Rectangular
T1

Alm]

Liena/Price [€/m?]
O P N W MOl OO N 0 ©

1.635 2.044 2.725 4.08

Cnuka 7 — YKynHa LeHa MaTepujana 3a poxmade Nno m? ocHoBe Xxane y (yHKUmMju
HUXOBOI pa3maka
Figure 7 — Total price of material for purlins per m? of base area of the hall depending of
their distance

| 3BOPHUK PALJOBA NTPABEBUHCKOI ®AKYNTETA 31 (2017) |



4. CONCLUSION

An analysis of the influence of spacing
and cross sectional shape on the
material consumption for the production
of purlins for one hall showed that,
although the consumption of concrete
and reinforcement per one purlin grows
with the increase in their spacing, which
is a consequence of the simultaneous
increase in the load, due to a decrease
in the total number of purlins the
consumption of both materials per m? of
the hall base is reduced for all
considered cross sectional shapes.
Nevertheless, there is an evident
significantly faster decrease in material
consumption with an increase in spacing
at the T1 and T2 cross sections.
Although in this analysis the rectangular
cross section proved to be the best
choice, which is at the same time the
simplest to produce and has the lowest
consumption of the transverse
reinforcement, it is to be expected that
for the spans and spacing of the purlins
larger than those analyzed here,
especially in combination with heavy
roof covers, the T sections, especially
those of the T2 shape, gain the
advantage. The material saving due to
the reduction of the concrete area in the
tensioned zone of the cross-section,
achieved by the transition from the
rectangular to the T cross section,
comes to the fore only at higher load
levels.
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