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RATIONAL DESIGN OF SHORT-SPAN INDUSTRIAL BUILDING ROOF
FOR RECONSTRUCTION CONDITIONS

Purpose. Recently, the demand for reuse of industrial buildings that have not been in operation for some time
has been increasing in Ukraine. Herewith, quite often the design of their roof requires the complete replacement and
renovation by using modern roofing materials to meet the requirements of new government standards. Therefore, the
choice and justification of the rational design of steel roof on the example of a short-span industrial building
(18-24 m span), which is planned to be returned to exploitation after idle time, is the main goal of this publication.
The object of the analysis is an unheated building equipped with bridge cranes of a small capacity (up to 10 tons).
Methodology. To achieve this purpose, the comparison of structural variants of a roof steel collar tie was per-
formed. Such variants include two types of collar tie cross-section — a lattice truss and a solid I-girder. The first type
was analyzed for four possible types of section of elements — double angles, a roll-welded square profile, an electric-
welded round tube and a rolled round tube. The second type was analyzed for two possible types of section — rolled
I-section made of normal strength steel and fabricated sections of thin-gage high-strength steel. The design variants
were compared on the basis of a numerical analysis of their work using the finite element method based on the soft-
ware complex SCAD for Windows. Findings. According to the research results it should be stated that for the con-
ditions of the city of Dnipro the most cost-effective variant of the steel collar tie cross section for the short-span in-
dustrial building is the truss made of electric-welded round tubes. Also the construction of collar tie made of roll-
welded square profiles or fabricated section of thin-gage high-strength steel is considered quite effective.
Originality. The research presented in the publication allows estimating the possibility and economic efficiency of
usage for various types of cross-sections for the collar tie of a steel non-insulated roof of the industrial building for
the reconstruction conditions in the Dnipro-city. Practical value. A practical estimation of mass and cost parameters
for steel collar ties of various types has been carried out, and the methodology for conducting such estimation has
been substantiated.

Keywords: industrial building; collar tie; girder; truss; software complex SCAD for Windows; finite element
method

Introduction

Currently, in Ukraine one of the key problems in
the field of exploitation of the industrial enterprise
structures is the level of their technical condition.
This is especially true for such buildings, which for
some time were not in operation, but were, so to
speak, «on their own». During such an idle period
some structures degraded, maybe went to ruins, and

the other remained in a semi-usable state of opera-
tion. However, attempts to return such structures to
operation are increasingly observed in practice, be-
cause it is often a cheaper option than the construc-
tion of a completely new object.

As a rule, such reuse of building structures is
accompanied by their full or partial renewal, de-
pending on their technical condition, and the build-
ing itself is redesigned to the requirements of new
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modern design standards and potentially new
equipment to be installed. Most often it is the roof
that requires renovation, because, on the one hand,
it is in the most unfavorable conditions during idle
time, and on the other hand, the roof itself often
limits the dimensions for the installation of new
equipment in the building.

It should also be noted that the demand for
short-span buildings, such as storage buildings, has
been particularly active recently. This is due to
their relatively low cost, as well as the desire to use
them in the future for production processes in the
small business.

Purpose

Taking into account the foregoing, the main
purpose of the study conducted by the authors is to
choose and justify the rational design of steel roof
on the example of a short-span industrial building
(18-24 m span), which is planned to be returned to
exploitation after idle time. The object of the anal-
ysis is an unheated building equipped with bridge
cranes of a small capacity (up to 10 tons).

To achieve this, it was necessary first to ana-
lyze the existing and approved roof design vari-
ants, suitable for use in such buildings, then to
compare these variants, taking into account both
their carrying capacity and the estimated cost, and
to choose the best variant that can be proposed for
practical implementation.

Methodology

Given the nature of the industrial building in
question, the design of its roof should provide for
the use of bearing collar ties, which include a sys-
tem of purlins and steel profiled flooring. This roof
type is proved itself good in practice and is consid-
ered to be the main one for modern non-heated
industrial buildings [10].

It is also worth noting that abroad the short-
span industrial buildings, which are quite popular,
have a similar roof design solution [13].

The main issue, when designing such short-
span roofs, is the choice of type of collar tie. For
this purpose, straight-axis collar ties (trusses or
beams) may be used, as other types of bearing
structures, such as arches or frames, are more suit-
able for significant spans. The slope of the upper

chord of the collar ties in accordance with the
standard requirements [6] shall be not less than
20% (11°), which is due to the need of preventing
the water flow through the profiled sheet joints to
the building. In case of installation of such roofs on
the 10 — 20% (5.5 — 11°) slopes there are must be
provided the sealing of joints between the flooring
sheets. However, as the experience of operation
shows, firstly, such works are technologically cost-
ly, and secondly, over time, sealing requires peri-
odic renewal. Therefore, the practice of such roofs
with small slopes is mostly abandoned.

Taking into account the above limitations, a tri-
angular truss with a triangular lattice with addi-
tional posts, as the most economical one, was ac-
cepted as a lattice truss during the studies. At the
same time, four types of sections of the elements of
such a truss were analyzed, which are now used in
metal structures and available on the Ukrainian
steel market: — angles (according to GOST 8), roll-
welded square profiles (according to GOST [3]),
electric-welded round tubes (according to GOST
[1]) and rolled round tubes (according to GOST
[4]). For the first two types of cross-sections,
C255 grade steel was used, which is the minimum
allowable for structures of group 1 according to the
standard [7]. For the last two types of round tube
cross-sections, C245 grade steel was used accord-
ing to this standard.

As a solid girder, we considered two types of
beams — rolled I-section girder (according to
GOST [2]) and a plate girder made of high-
strength steel of C325 grade, which is becoming
more and more popular at the modern market of
Ukraine. To ensure the desired slope, the girder
had an asymmetrical design.

Roof loads were determined according to the
current standards in Ukraine [5]. Since, at a given
angle of inclination of 11° the wind load is upward
due to the negative aerodynamic coefficient, we
took into account only the proper weight of the
roof together with the collar tie and snow load.

To specify the research, we considered the ob-
ject — the industrial storage building, located in the
city of Dnipro at the address of Panikakhi street 1,
which for a long time (almost 15 years) was not in
operation (Fig. 1). According to the data of its sur-
vey, carried out by a specialized organization, the
roof design should be completely replaced by
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a new one, since its technical condition was as-
sessed as the state of failure.

One of the peculiarities of the building under
consideration was a varying span, which for its
main part was 24 m, and for final sections de-
creased to 18 m. Therefore, in order to provide the
required slope of the roof, it was necessary to de-
velop a design of a universal collar tie that would
provide the required slope of the roof without
changing the type of the collar tie itself.

For conducting variant calculations we used an
extremely popular and approved numerical method
of building mechanics — the method of finite ele-
ments [12, 14, 15] based on the well-known do-
mestic software complex SCAD for Windows [11].
The constructed calculation models for the consid-
ered collar tie design variants are shown in Fig. 2 —
5. The trusses and the rolled girder were modelled
by rod finite element of universal type, and the
plate girder was modeled by plate four-node finite
elements of isoparametric type. All calculations
were performed in geometrically and physically
linear settings. This approach avoids issues of es-
timating the convergence of results peculiar for
finite elements of other types [9].

Findings

According to the calculation results for truss-type
collar ties the sections of the elements were selected
for each of the four constructive types. Herewith,
upon selection the cross sections were adjusted ac-
cording to the rules of unification. Also, according to
the unification results, a universal truss for 18 and
24 m spans was formed, which consisted of the larg-
est profiles. These data are presented in Table 1.

For the I-section collar ties the profile 70B1 was
selected. For the collar ties in the form of fabricated
sections the 1.3 m high profile was chosen for the
elements thickness of 4 mm and 1.0 m high profile —
for the elements thickness of 6 mm. Herewith the
condition of stiffness was the determining condition.

Based on the results of calculations, a summary
table was drawn up, which takes into account the
total costs for the profiles of the collar ties of each
type. Data are taken as averaged generalizations at
the rolled metal market in the city of Dnipro for No-
vember-December 2018. However, this analysis al-
lows us to reveal a general picture.

-2 ’4'“:"&

Fig. 1. Object of the research — short-span industrial storage building
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Fig. 3. Finite-element model of the shortened 18 m span truss
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Fig. 5. Finite-element model of plate girder
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Table 1

Cross-sections of universal trusses with 18-24 m span

Truss element cross-section made of
T 1 t ic-

s efemen double angles roll-welded square electric z?blssed round rolled round tubes
upper chord 125x8 120x7 193.7x5 194x5
lower chord 90x7 110x6 159x5.5 133x6.5

posts 50x3 80x5 70x4 68x3
diagonal web cle- 90x7 80x5 102x4 102x4
ments
Table 2
Weight and cost of constructive variants for roof collar ties
No. Collar tie cross section Weight, t Cost per 1 t, UAH Cost, UAH
1. Truss of double angles 1.63 22912 37 350
5 Truss of roll-welded square 133 22150 29 460
profile
3. Truss of electric-welded round 135 18 975 25 620
tubes
4, Truss of rolled round tubes 1.28 28 250 36 160
5. Girder of rolled I-section 3.10 19 400 60 140
6. Girder of fabricated I-section (4 158 19 670 31 080
mm)
7 Girder of fabricated I-section 508 19 670 40915
(6 mm)

From the data in the table it is clearly seen that
the smallest weight for the considered industrial
building roof reconstruction conditions has a collar
tie in the form of the truss of rolled round tubes.
A slightly larger weight, but not much, has a collar
tie in the form of trusses of roll-welded square pro-
file and electric-welded round tubes. The largest
weight has a collar tie of rolled I-section. The
welded collar tie of thin-gage high-strength steel
takes an intermediate position.

Taking into account the market value of each
type of cross-section, the lowest cost has the collar
tie in the form of the truss of electric-welded tubes.
In the second place there is the collar tie of roll-
welded square profile, the cost of which is 15%
higher. The third is ranked the collar tie in the form
of welded fabricated I-section of thin-gage (4 mm
thick) high-strength steel. Its value is higher by
almost 18%. The most uneconomical is the collar

tie made of rolled I-section, the cost of which is
more than 2 times higher than that of the collar tie
in the form of the truss of electric-welded tubes.

Originality and practical value

The research presented in the publication al-
lows estimating the possibility and economic effi-
ciency of usage for various types of cross-sections
for the collar tie of a steel non-insulated roof of
the industrial building. At the same time, the
study outlined the case of reconstruction of the
short-span (18-24 m) building, which is quite
common nowadays, with the complete roof re-
placement.

The results obtained are valid for the condi-
tions of Dnipro, but according to a similar meth-
odology the degree of efficiency of reconstruction
and rebuilding of steel roofs of industrial build-

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/165853

© N. G. Kruhlikova, D. O. Bannikov, 2019

149


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponerpoBcskoro

HaL[iOHAJIIBHOTO YHIBEPCHTETY 3aJIi3HUYHOro Tpancnopty, 2019, Ne 2 (80)

TPAHCIIOPTHE BY JIBHUIITBO

ings can be determined in practice for other re-
gions of Ukraine as well.

Also, it should be noted that the conducted
study allow us to outline the range of the most
rational constructive solutions of bearing collar
ties for short-span industrial buildings.

Conclusions

Based on the material outlined in the publica-
tion, the following conclusions can be drawn:

1. For the reconstruction conditions of a steel
roof of a short-span (18-24 m) industrial building,
the use of the truss of electric-welded round tubes
is the most cost effective as a bearing collar tie.

2. In the second place, according to the degree
of economic efficiency, there is the use of the truss
of roll-welded square profiles, the cost of which is
15% higher than the previous variant. Taking into

account the higher technological efficiency of the
implementation of node connections for such
trusses, under certain conditions this type of collar
tie can be considered the most rational.

3. Also noteworthy is the collar tie in the form
of fabricated I-section of small thickness (4 mm) of
high-strength steel, the cost of which is 18% higher
than the first constructive variant. Therefore, this
section can also be considered as competing with
the main recommended variant (truss of electric-
welded round tubes), taking into account its high
manufacturability.

4. The least effective of all considered variants
is the collar tie made of rolled I-section. Its weight
and value are more than 2 times higher than the
main recommended variant (truss of electric-
welded round tubes).
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PAIIIOHAJIBHA KOHCTPYKIISA IOKPUTTS MAJIOITPOIOHOBOI
MNPOMMUMCJIOBOI BYAIBJII JIJI1 YMOB PEKOHCTPYKIIII

Merta. OctanHiM YacoM B YKpaiHi 3p0CTa€ MOMUT Ha HIOBTOPHE BUKOPUCTAHHS IIPOMHUCIIOBUX OYIIiBEIb, SIKi POTSI-
TOM IIEBHOTO 4acy He nepeOyBaiy B eKcIutyaTarlii. [Ipy iboMy TOCHTh 4acTO KOHCTPYKIS X MOKpiBiIi MOTpeOye mMoB-
HOT 3aMiHU 1 OHOBJICHHSI i3 Cy4acHHX IOKPIBEJIbHUX MaTepiajiB 3 ypaXyBaHHSIM BUMOI HOBHX Jiep)KaBHUX HOpM. Tomy
BUOIp Ta OOTPYHTYBAHHS PaIliOHATBHOT KOHCTPYKIIii CTAJICBOTO MOKPUTTS Ha MPUKJIA (I MAJOIPOrOHOBOI MPOMHUCIIOBOT
Oynisni (nporin 18—24 M) a1 noBepHeHHs 1i 10 eKcIuTyaTalii Mmicisl MPOCTOK € OCHOBHOIO METOO L€l myOmikarii.
OO0’exT aHaNI3y — HeonantoBaHa Oy/iBJs, 00J1alHAHA MOCTOBHUMH KpaHaMH HE3Ha4yHOI BaHTaxomiadoMHocTi (10 10 T).
Metoauxka. J{51s JOCATHEHHS MOCTABJICHOI METH BUKOHAHO 3iCTaBJIEHHS KOHCTPYKTUBHUX BapiaHTIB HECHOTO CTaJIeBO-
TO pUrels MOKpiBii. Po3risiHyTO ABa THIIN TIepepi3y pures: HACKPI3HUN — y BUTILIAI (pepMu 1 CYIUTHHAN — Y BUTIISII
nmBoTaBpoBoi Oanku. [lepmmit TMI MpoaHai30BaHO U YOTHPHOX MOXKIIMBHX THUIIIB IMEpEpi3y €JIEMEHTIB — MMOBIiHI
KyTHKH, THYTO3BapHHH KBaJpaTHHUI NMpodink, eJEeKTpo3BapHa Kpyria Tpyba i mpokaTHa Kpyria TpyoOa. Hpyruil Tno
JOCHIIKEHO U JBOX MOXIIMBHX THIIB IEpepi3y — MPOKATHUH ABOTABPOBHM MPO]iib 31 cTali 3BUYAHOI MIITHOCTI
1 3BapHUN TPO(DLTH i3 TOHKOCTIHHOI CTalli MiABHUIIEHOI MIITHOCTI. 3iCTaBICHHS KOHCTPYKTHBHHX BapiaHTiB BHKOHAHO
Ha OCHOBI YHCENIbHOTO aHaJli3y X poOOTH METOIOM CKIHYEHHHUX €JIEMEHTIB Ha 0a31 MPOEKTHO-00UYHCITIOBATIBHOTO KOM-
wiekcy SCAD for Windows. Pe3yabraTn. [IpoBeacHe 1oCiipKeHHS Aa€ 3MOTY KOHCTaTyBaTH, 110 Ui yMOB M. J{Hir-
PO HaiiOLIBII €EKOHOMIUHO e(h)EKTHBHUM BapiaHTOM IEpepi3y CTaJICBOTO PUrelisl IPOMHUCIIOBOT OYIiBili HEBEJIMKHX IIPO-
TOHIB € (epMa 3 eNeKTPO3BapHUX Kpyriaux TpyO. Takok AOCHTH e(eKTHBHOIO CIIii BBAXKATH KOHCTPYKIIIO PHUTreIs,
BUKOHaHY 3 (epM 13 'HyTO3BapHUMH KBaIpaTHUMH NMPOQiasiMu a00 3BapHOTO ABOTABPOBOT'O THITY 3 TOHKOCTIHHOT CTa-
7 migBuieHoi MinHocti. HaykoBa HoBu3Ha. OnucaHe B myOsiKamii JOCIIKEHHS T03BOJISIE OL[IHUTH MOKIIUBICTD,
a TaKOX €KOHOMIYHY e(DeKTHBHICTh BUKOPUCTAHHS PI3HUX THIIIB IIEPEePi3iB [UIsl PUIeliB CTAJIEBOT HEYTEIJIEHOT MOKPIB-
JIi TIPOMUCIIOBOI OYIIBII 3 METOIO peKOHCTPYKIII B M. J{Hinpo. IlpakTuyna 3HaYAMicTh. BUKOHAHO MpakTHYHY OIliH-
Ky MacOBHX 1 KOIITOPHCHHX MOKA3HKKIB JUISl CTAJIEBUX PUTEINIB PI3HUX THUIIIB, @ TAKOXK OOIPYHTOBAaHO METOAMKY IIPO-
BEIECHHS TOAIOHOT OIlIHKH.

Kouosi cnosa: npomucioBa OyniBis; purens; Oanka; ¢pepMa; MpoeKTHO-00UnCToBaIbHAN KoMmIuieke SCAD
for Windows; MeTO/I CKIHUEHHUX €JIEMEHTIB

H.T. KPYIJIMKOBAY, J1. 0. BAHHUKOB?"
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TpaHCIOpTa NMeHH akanemuka B. JlazapsHa, yi. JlazapsHa, 2, Jaunpo, Yipauna, 49010, ten. +38 (063) 94 67 288,
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PAIIUOHAJIBHASA KOHCTPYKIMUSA ITOKPBITUA
MAJIOITPOJIETHOTI'O ITPOMBIINJIEHHOTI'O 3JAHUA
JJIA YCJIOBUHU PEKOHCTPYKIUU

He.m;. B rnocjieHee BpeMs B YKpaI/IHe BO3pacCTacT COpOC HAa MOBTOPHOC UCIIOJBb30BAHUC IMPOMBIINUICHHBIX 3/1a-
HHI71, KOTOPLIC HA MPOTAKCHUU ONPECACIICHHOTO BPEMEHN HC HAXOJWJINCH B SKCIUTyaTalluu. HpI/I 9TOM AOBOJIBHO 4Ya-
CTO KOHCTPYKIUA UX IMOKPLITUA TpeGyeT ITOJTHOM 3aMEHBI ¥ OOHOBIICHHS U3 COBPEMCEHHBIX KPOBCJIbHBIX MAaTEPUATIOB
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TPAHCIIOPTHE BYJIBHUIITBO

¢ yueToM TpeOOBaHUI HOBBIX TOCYAapPCTBEHHBIX HOPM. [103TOMY BEIOOp M OOOCHOBaHHE PAMOHAIBLHOW KOHCTPYK-
LMW CTAJBHOTO TIOKPBITUS HAa MPUMEPE MAaJIOMPOJIETHOTO MPOMBIIUIEHHOTO 3/1aHus (nposeT 18—24 M) s Bo3BpaTa B
IKCILTYaTAIUIO TTOCIIC MPOCTOS SBIIACTCA OCHOBHOM IeNbi0 IyOaukaiuu. OOBEKT aHAIN3a — HEOTAIIMBAEMOC 31aHHE,
000pyIOBaHHOE MOCTOBBIMU KpaHaMH HE3HAYHTEIHHOH Tpy3omoabeMHocTd (1o 10 T). MeToauka. s mocTimkeHns
MIOCTABJICHHON IIeTHM OBUIO BBITIONHEHO COIIOCTaBIICHHE KOHCTPYKTHUBHBIX BapHAHTOB HECYIIETO CTAaJbHOTO PHIEIT
MOKPBITHA. B KadecTBe TaKWX BapHaHTOB PACCMOTPEHO JBa THIA CCUCHHS PUTEIS — CKBO3HOW B BHE (epMBI U
CIUTOITHOW B BUAE NBYTaBpOBOH Oamku. ITepBBIii THII MpoaHAIM3UPOBAH UL YETHIPEX BO3MOXKHBIX THIIOB CEUCHUS
AIIEMEHTOB — JBOMHEIC YTOJKH, THYTOCBAPHON KBAJPATHBIN MPOQIIIH, JIEKTPOCBapHAas Kpyrias Tpyda M MpoKaTHas
Kpyrias Tpyoa. Bropoii THI nccneoBaH Ay IByX BO3MOKHBIX THIIOB CEYEHUS — MPOKATHBIN IBYTaBPOBHIH MPOQHITH
U3 CTaJId OOBIYHOW MPOYHOCTH M CBAPHON MPO(WIL U3 TOHKOCTCHHOM CTaIM MOBBINICHHOW mpouHocTH. ComocTaBiie-
HUC KOHCTPYKTHUBHBIX BapUAHTOB BBHIMOJHEHO HA OCHOBE YKCJICHHOTO aHAJIU3a MX PabOThI METOJIOM KOHEYHBIX 3JIe-
MEHTOB Ha 0a3e MpoeKTHO-BhIuncIuTeIpHOrO KoMmiwiekca SCAD for Windows. PesynbTtaTsl. [IpoBeneHHoe nuccneno-
BaHME JaéT BO3MOKHOCTh KOHCTATUPOBATh, YTO IS YCJIOBHH T. JIHAIIpO HauboJiee SKOHOMUYECKH 3 (HEKTHBHBIM Ba-
PHAHTOM CEYCHHUS CTAILHOTO PUTENS MPOMBIIUICHHOTO 3/IaHus HEOOJBIINX MPOJICTOB SIBISCTCS (hepMa M3 IJIEKTPO-
CBapHBIX KPYTIBIX TpyO. Taroke moctarouHo 3(h(eKTHBHOM CIIeIyeT CYNTATh KOHCTPYKIIUIO PUTENIS, BHIIOJTHEHHYIO U3
(depM ¢ THYTOCBapHBIMHU KBaJPAaTHHIMH MPOGUIIIMEA WA CBAPHOTO ABYTaBPOBOTO THIIA M3 TOHKOCTCHHOW CTANH TIO-
BHIICHHON TpoyHocTH. Hayunasi HoBu3Ha. [IpencTaBieHHBIC B ITyONUKAIIMK FICCIICAOBAHUS TTO3BOJISIOT OLICHHUTH
BO3MOXKHOCTh W JKOHOMHYECKYI0 3((EKTHBHOCTh WCIOJIB30BAHUS PAa3NYHBIX THIIOB CEYCHHH B KadecTBE
pUresns CTaTbHOTO HEYTEIUICHHOTO MOKPBITHS MPOMBIIUICHHOTO 3[aHMS Ul YCIOBHHA PEKOHCTPYKIHHU B T. JIHUTIPO.
[pakTHyeckasi 3HAYUMOCTh. BEITONHEHA TpakTHYEeCKas OIEHKA MAcCCOBBIX M CTOMMOCTHBIX TOKa3aTeled st
CTaJbHBIX PUTEJICH Pa3IMYHBIX THIIOB, a TAK)KE 000CHOBAaHA METOTUKA MPOBECHUS MTOJOOHOM OIICHKH.

Kiouesvie cnosa: TPOMBINUICHHOS 3[aHHE; PUTelb; Oajika; (epma; MPOCKTHO-BBIUUCIUTEIBHBIA KOMIUICKC
SCAD for Windows; METOl KOHEUHEIX 2JIEMEHTOB
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