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THE CAST-IN-PLACE REINFORCED CONCRETE
FRAME CALCULATIONS FOR TEMPERATURE

EFFECTS AT ALL CONSTRUCTION AND

OPERATION STAGES IN MULTI-STOREY BUILDING

ABSTRACT

In multi-storey buildings built earlier, the
temperature actions did not have a significant
effect, since the external and internal structures
large mass and practically constant internal
temperatures did not cause the problems with the
elements different elongation. The situation became
much more complicated for modern high-rise
buildings with statically indeterminate structures of
impressive dimensions. External fencing structures
are attached to internal structures; buildings have
large heights etc. As a result, it becomes necessary
to take into account the temperature effects. When
designing buildings, it is obligatory to take into
account climatic temperature effects and operational
thermal effects, which must be neutralized primarily
by isolation of heat sources and adjacent structures.
The temperature difference depends on the
building functional purpose, its location, orientation
with respect to the cardinal points, the internal
temperature conditions, as well as the surface and
finish of the enclosing and supporting structures. The
structures are the most vulnerable to the temperature
exposure during the building construction. This is
caused by the changes in air temperature, in which
there are quite regular periodic fluctuations with
annual and daily periods. Random fluctuations
associated with changes in the weather over small
periods of time (several days) are superimposed
on periodic fluctuations. Currently, there are a
sufficient number of calculation tools for taking into
account the temperature effects in the buildings
designs. The main difficulty in the calculations is
the description of design situations corresponding

to possible temperature effects manifestations at all
stages of buildings construction and operation. The
paper gives an example of taking into account the
temperature effect when calculating the building
frame with significant geometric dimensions both
in plan and in height. So, in the framework of the
high-rise building calculations in Kiev, we analyzed
the temperature effects during its construction in
order to determine the structures stress-strain state.
The temperature effects calculation was performed
for the building construction stage (for a time before
closing the heating circuit). It was recommended
to divide this building into two temporary joints,
which, therefore, allowed reducing forces in the slabs
compared with the initial ones by more than three
times. In the design and construction of buildings of
stately proportions, the temperature effects nature
and magnitude have a significant influence on the
building structural solutions determination. The
temperature effects due to climatic, technological,
operational and emergency factors are the most
significant. The temperature effects consideration
in calculations using various modern tools allows
preventing damages to structures at all stages of the
buildings construction and operation and identifying
technological measures to avoid the materials over-
expenditure due to the necessity of taking up forces
that may occur during temperature actions.
KEYWORDS: temperature effect; calculation for
temperature effects; calculation of a high-rise
building; cast-in-place reinforced concrete frame;
determination of stress-strain state; economic
feasibility
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PO3PAXYHOK HA TEMIIEPATYPHI BIIAH-
B MOHOAITHOTO 3AAISOBETOHHOTIO
KAPKACY BATATOIIOBEPXOBOI BY/JIBAI
HA YCIX CTAJIAX 3BEJAEHHA TA EKC-
IIAYATAILII

AHOTAIIIA

Y 6Gararonmosepxopux OygiBaAxX, nobygoBaHHX
panimre, TeMIepaTypHi BIAMBH HE€ MaAM 3HAYHO-
ro BIIAHBY, TaK fAK IIPH BEAHKIH Maci 30BHINIHIX i
BHYTPIIIHIX KOHCTPYKIIIH i HIPUIPAKTHIHO HOCTIHIHUX
BHYTPIIIHIX TeMIepaTypax He icHyBaAo mpobae-
MH pi3HHII HOJOBXKEHHA eAeMeHTiB. Curyania
3HAYHO YCKAQJHIOETBCA JAASA CydacHHX OaraTomo-
BepxoBHX OyJiBeAb 13 CTATUYHO HEBU3HAYEHHMU
KOHCTPYKIIAMU 3HAYHHUX po3MipiB. /o BHyTpimHIX
KOHCTPYKIH KPIMAATHCA KOHCTPYKLI{ 30BHIIMTHLOTO
oropoJs;keHHsA, OyJiBAl MaIOTb BEAHUKY BHUCOTY 1 T.II.
B pesyabraTi BUHHKAae HeOOXiJHICTh BpaxyBaH-
HA TeMmIepaTypHHX BIAHBIB. IIpum mpoexryBanHI
6yaunkiB Tpeba 060B'A3KOBO BpPaXOBYBATHU
KAIMaTHYHI TeMIepaTypHi BIIAUBH, €KCIAyaTaliiiHi
TEIIAOBI BIIAHBH, AKI HeOOXiZHO HEHTpaAidyBaTH
HacaMmIepes I30AAIIEI0 JKEPEA BHUAIAEHHA TEIAQ
1 IpUAETAHX KOHCTPyKHiil. PizHuMnma Ttemmepatyp
3aA€KUTb BiJg (PYHKIIIOHAABHOTO HPHU3IHAYEHHA
6yaiBAl, Horo Micmd po3TallyBaHHA, Opi€HTaINIl 1O
BiAHOIIEHHIO A0 KpaiH CBITY, BHYTPIIIHbLOI'O TEM-
IIepaTypHOTO PEKUMY, IOBEPXHI 1 OMOpAJKEH-
HA OTOPOJAKYBAABHHUX Ta HECYYHUX KOHCTPYKIIIH.
Ane HAWOIABII BPAa3AHBI KOHCTPYKIII HpH TeMIle-
paTypHOMY BIIAHUBI IiJ4 dYac 3B€A€HHA OYAIBEAD.
e 06ymMmOBAEHO 3MIHAMM TeMIIepaTypH IOBITPs, B
AKUX € I[IAKOM 3aKOHOMIipHI IepioguYHl KOAHBAH-
HA 3 piuHHM 1 g060BUM mnepiogoMm. Ha mepioguyni
KOAMBAHHS HaKAAJalOTbCS BHIIAAKOBI KOAHWBAH-
HA, TOB'A3aHI 31 3MIHOK IIOTOJAM Ha HEBEAUKUX
Bigpi3Kax yacy (kiabka gHiB). Ha ganumii gac icaye
AOCTAaTHA KIABKICTb PO3PAXyHKOBHUX IHCTPYMEHTIB
040 BPAaXyBAaHHA TEMIIEPATYPHOTO BIIAHUBY IIpHU
KOHCTPYIOBaHHI 6yaiBeAb. OCHOBHOIO K CKAQAHICTIO
y PO3paxyHKax € OIUC PO3PaXYHKOBHUX CHUTyaIlil, 10
BiAIIOBIZAIOTh MOKAMBHM IIPOABaM TeMII€pPaTypHHX
BIIAMBIB Ha yCIX CTajifAX 3BEJEHHA Ta €KCIIAyaTamii
6yaiBeAb. B cTtaTTi HaBeZ€HO NPHUKAAJ BPaXyBaHHA
TEMIIEPATypPHOI'0 BIAUBY IIPU PO3paxyHKax KapKacy
6yaiBAl 13 3HAYHUMHU T€OMETPHIHUMHU PO3MIpaAMU AK
y IIAQHI, TaK 1 11o BUCOTI. Tak B paMKax po3paxyHKiB
BucoTHOI OyAiBAl B M. Kuesi Hamm 6yro mposege-
HO pO3paxXyHOK Ha TEMIIEPATYPHI BIIAHMBH IIij dac
6ysiBHHIITBA, 3 METOI0O BH3HAYEHHS HAIIPYKEHO-
A4epOpMOBAHOTO CTAaHY KOHCTpPyKLiil. Pospaxynox
Ha TEeMIEepaTypHi BIAHBH OYyAO BHKOHAHO JAS
cragii 3BegeHHa OyJiBAl (Ha Yac mepes 3aKpHT-
TAM OIAAIOBAaABHOro KOHTYpY). /Jany 6ygiBaio
PEKOMEHAYETbCA PO3AIAUTH ABOMA THMYACOBHMU
mBamu. lllo B cBOIO 4epry AO3BOAHAO 3MEHIIHTH
3YCHAAA V IAHTAX Yy HOPIBHAHHI 13 MOYATKOBHMU
1noHaJ y Tpu pasu. Ilpm mpoexTyBaHHI Ta 3B€4€HHI
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6yaiBeAb 3HAYHUX PO3MIpIB 3HAYHUI BIIAUB Ha BU3-
HAa4YeHHA KOHCTPYKTUBHHX pimeHb OygiBAl MaioThb
XapaKTep Ta BEAHYHMHA TEeMIIEPATyPHHX BIIAHUBIB.
Haii6irnbImuMu € TeMIepaTypHi BHAUBU 06yMOBAEHI
KAIMATHYHUM, TEXHOAOTIYHUMH, €KCIIAyaTal i HIMU
Ta aBapiiHUMH ¢QakTopaMu. BpaxysanHa Temie-
paTypHHX BIIAHUBIB Yy pO3paxyHKax 3a JOIIOMO-
roio CydJacHHX 3aco0iB J03BOAAE€ YHHKATH YIIKOJ-
JK€Hb KOHCTPYKIIM Ha ycixX cTagigx 3BeJ€HHHA Ta
eKcrAyaranii 6ygiBeAb, BH3HAYATH TEXHOAOTIYHI
3aX04H, IO AO3BOAAIOTb YHHUKATH II€PEBUTPAT
MaTepianiB, 00yMOBAEHUX HEOOXIAHICTIO CHPHHHAT-
TS 3YCHAB, AKI MOKYTb BUHHKATH IIPU TEMIIEPATYP-
HUX BIIAUBaX.

KAIOUOBI CAOBA: temnepaTypHHii BIIAMB; PO3-
PaxyHOK Ha TeMIepaTypHI BIIAHBH; PO3PaxyHOK
BHCOTHOI OyAiBAl; MOHOAITHHII 3aAi306eTOHHHI
KapKac; BH3HAYE€HHA HaIPYAKEHO-AePOpMOBAHOTO
CTaHy; €eKOHOMIYHA OOIPYHTOBAHICTD

PACUET HA TEMIIEPATYPHBLIE BO3/EWC-
TBUA MOHOAHTHOIO KEAE3OBETOH-
HOTO KAPKACA MHOTOS9TAXKHOIO
34AHHA HA BCEX CTAAUAX BO3BEAEHHUA
H SKCIIAYATAITUH

AHHOTAIIUA

B MHOTO®Ta’KHBIX 34aHUAX, TOCTPOEHHBIX paHee,
TeMIepaTypHbI€ BO3ACHCTBUA HE UMEAHN 3HAYUTEAD-
HOT'O BAHAHHA, TaK KaK IPHU OOABIION Macce BHEMI-
HUX M BHYTPEHHHUX KOHCTPYKUMH M IpPU HpPAKTH-
YECKU ITOCTOAHHBLIX BHYTPEHHHUX TeMIlepaTypax He
CYIIECTBOBAAO MPOOAEMBI PA3HHIIBI YAAMHEHHUE DAE-
MeHTOB. CUTyalusl 3HAYUTEABHO YCAOKHAETCA AAS
COBPEMEHHBLIX MHOTOSTaKHBIX 34aHHUH CO CTaTU4e-
CKH HEOIIPEAEAUMBIMHU KOHCTPYKIIMAMHU BHYIIUTEAD-
HBIX pa3Mepos. K BHYTPEHHUM KOHCTPYKIMAM Kpe-
IIATCA KOHCTPYKIMH HAPYKHOTO OrpaKA€HUsd, 3ja-
HHUs UMEIT OOABIIYIO BBICOTY M T.I. B pesyabTaTe
BO3HHKAET HEOOXOAMMOCTh Y4e€Ta TeMIepaTypPHbIX
Bosgelicteuii. Ilpu npoekTupoBaHuu 3/JaHUil HaL0
00653aTEABHO YYHUTHIBATH KAHUMAaTHYECKHE TeMIlepa-
TypHBIE BO3ACHCTBHA, YKCIIAYaTALJHOHHBIE TEILAO-
BbI€ BO3/€IICTBUA, KOTOpble HEOOXOAUMO HEHTPAAH-
30BaTh B IEPBYIO O4€PEAb U3OAALMEH HCTOYHUKOB
BBIAEACHUSA TEIIAA M IPHAETAIOMMUX KOHCTPYKIJMH.
Pazauna temmeparyp 3aBHCUT OT (PpYHKIITMOHAABHO-
ro Ha3HAYE€HUSA 34aHU, €70 MECTOIONOKECHU A, OPH-
€HTAMHU II0 OTHOLIEHHUIO K CTOPOHAM CBETa, BHY-
TPEHHETO TEMIEPATYPHOrO PEKUMA, ITIOBEPXHOCTU U
OTAEAKH OrPaKAAIOIMUX M HECYIIHX KOHCTPYKIIUM.
Ho nanboaee ya3BuMble KOHCTPYKIIMU MPH TeEMIIe-
paTypHOM BO3ACHCTBHU IIPU BO3BEAEHUM 3JaHUMN.
910 00yCAOBA€HO H3MEHEHUAMH TeMIIEpaTypbl BO3-
AYyXa, B KOTOPBIX BIOAHE 3aKOHOMEPHbBIE IIE€PHOAH-
yeckue KoAaebGaHHA ¢ roJOBBIM U CYTOYHBIM II€pPH-
ogoM. Ha mepmognueckne xonebaHHA HaKAaJbIBa-
I0TCA CAydYaiiHble KOA€OaHHU:A, CBA3AHHBIE C H3Me-
HEHUEM IIOrobl Ha HEOOABIIUX OTPE3KAaX BpPEMEHU




(HECKOABKO gHel). B Hactosamee BpeMsa CylecTByeT
AOCTATOYHOE KOAHYECTBO PACYETHBIX HHCTPYMEHTOB
10 y4eTy TEMIIEPATYPHOTO BO3AEHCTBHA NHPH KOH-
CTpyUpOBaHUH 34aHUH. OCHOBHOH K€ CAOKHOCTBIO
B pacueTax SABAAETCA ONHCAHHE PACYETHBIX CUTYa-
Ui, COOTBETCTBYIOIIUX BO3MOKHBIM MPOABAECHHUAM
TEMIIEPATYPHBIX BO34EHCTBUI Ha BCEX CTaAUAX BO3-
BEJAEHUS U DKCIIAYATallUU 34aHHUIH. B CTaThe MpPHUBE-
A€H IPUMEpP ydeTa TeMIEPaTypHOro BO3AEHCTBHA
IpHu pacdeTax KapKaca 34aHHs CO 3HAYUTEAbHBIMHU
reoMEeTPHYECKHUMH Pa3MepaMu Kak B IIAaHe, TaK H I10
BbICcOTE. TaK, B paMKaX pacuyeToB BLICOTHOTO 3JaHH
B r. Kuese. HaMu 6BIA IIpOBeJeH pacdeT Ha TeMmIle-
paTypHble BO3AEHCTBUA IIPH CTPOUTEALCTBE C LIEABIO
onpeJeAcHHs HaNpSAKEHHO-ZEPOPMUPOBAHHOTO
COCTOSIHUSA KOHCTpyKuuit. Pacuer ma Temmeparyp-
Hbl€ BO3JEHCTBHA OBIA BBIIOAHEH JAS CTaJUU BO3-
BEJAEHUS 34aHUA (Ha BpeMs Iepes 3aKPhITHEM OTO-
IHTEABHOrO KOHTYpa). Jannoe 3ganue peKoMeHAY-
eTcs pa3AeAUTb ABYMs BPEMEHHBIMHU IIBAMH, YTO
B CBOIO OY€peAb MO3BOAMAO YMEHLIIHTL YCUAHA B
IIANTAX [0 CPABHEHUIO C HAYaABHBIMH OOAee 4eM B
Tpu pasa. IIpu NpoeKTHPOBAHUU U CTPOUTEABCTBE
34aHUH BHYIIMTEABHBIX pPa3MepPOB 3HAYUTEABHOE
BAHAHHE Ha ONpeJeA€HHE KOHCTPYKTHMBHBIX pelle-
HUH 3/JaHUA UMEIOT XapaKTep U BEAMYHUHA TeMIlepa-
TypHBIX Bo3jelicrBuil. Hanboaee 3HAUMMBIMU ABAA-
I0TCSL TeMIIepPaTypPHbIE BO3AEHCTBUA, OOYCAOBAEHBI
KAUMAaTHYECKUM, TEXHOAOTHYECKUMHU, DKCIIAYATAIIU-
OHHBIMU M aBAPUHHBIMU paKTOpPaMH. YUeT TeMIlepa-
TYPHBIX BO3AEUCTBUI B pacdeTax ¢ IOMOIILIO COBPE-
MEHHBIX CPEACTB O3BOAAET u3beraTh MOBPEXKJEHUIH
KOHCTPYKIMH Ha BCEX CTAJUAX BO3BEAECHHUSA M 9KC-
IAyaTaUU 3AaHHH, ONPEAEAATh TEXHOAOIHYECKHUE
MepBhI, MO3BOASIIONIUE n3berars nepepacxoja mare-
pHaroB, OOYCAOBAEHHBIX HEOOXOAUMOCTHIO BOCIPH-
ATHSA YCUAUH, KOTOpbIE MOTYT BO3HHUKATh IPH TEM-
NepaTypHBIX BO3JEHCTBUAX.

KAIOYEBBIE CAOBA: temneparypnoe BO3Je€li-
CTBHE; pacyeT Ha TeMIepaTypHble BO3JEHCTBUA;
pacyeT BLICOTHOIO 3J4AaHHUSA; MOHOAUTHBIH JKeAe-
300€TOHHBII KapKac; ONPesEeA€HHs] HAIPIAKEHHO-
A€POPMHUPOBAHHOIO COCTOAHHA; ®KOHOMHUYECKAS
060CHOBAHHOCTD

INTRODUCTION

In multi-storey buildings previously constructed,
temperatures did not have any significant effect,
since the external and internal structures of large
mass and practically constant internal temperatures
did not cause any problems with the elements
elongation difference. The situation is much more
complicated in modern multi-storey buildings with
statically indeterminate structures of considerable
size. Envelope structures are attached to structural
elements; buildings are of great heights etc. As a
result, there is a necessity of taking into account the
temperature effects.

PURPOSE

The temperature effects [1, 2 and 3] can be caused
by the following reasons:

* climatic - in the form of temperature difference

during the day and year;

* technological - in the process of curing
concrete, when heated in winter;

e operational — due to the equipment, such as
furnaces, boilers etc.;

* due to explosion, fire or firefighting.

When designing a building, it is necessary to
take into account the climatic temperature effects
and operational thermal effects, which should be
counteracted, first of all, by the heat sources and
adjacent structures isolation.

The temperature impact on a structure can be
represented as:

* the difference in the structure or its element
relative temperature with respect to the
conditional temperature;

e the temperature difference of the structure or
element intersection surfaces, which is defined
as the temperature difference of the outer and
inner surfaces;

* the temperature difference of a whole structural
element, which is determined by the average
temperatures difference in the individual
elements.

Temperature etfect is included into the group of
so-called internal deformations along with shrinkage,
compression and settlement of supports [2]. These
actions - deformations and stresses - depend first of
all on the material properties and the attachment
conditions of the individual elements, the whole
structure or its elements.

TASKS

In terms of temperature actions, a building can
be divided into two parts such as an underground
one, that is, a part below the ground level, and a
building superstructure. The underground building
part is not only massive, but also naturally isolated
by the surrounding soil. Therefore, the temperature
effects here are not so significant if compared to
those in the superstructure. Blocks separated by
contraction joints are selected from the condition
of concrete shrinkage and creep, as well as of the
uneven settlement possible effects.

The surface part is subject to temperature etfects
in two directions - horizontal and vertical. Horizontal
effects have always been given attention; these
effects are usually within acceptable limits when the
building is divided by expansion joints into separate
small-scale elements, and a system providing stability
(subsystem transmitting a horizontal impact) is
constructed in such a way that the horizontal
temperature load does not cause any significant
stress or displacement in it.

The vertical expansion in the vertical direction was
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not given so much attention in buildings constructed
earlier, because the structures had a small height, a
greater weight and the structural system integrity
(either a system with self-bearing brick walls, or
a frame system). There are many reasons to pay
more attention to the elements elongation in the
vertical direction in the modern high-rise buildings.
Primarily, a smaller weight of buildings leads to the
significant temperature fluctuations in structures.

The internal rooms are air-conditioned, so interior
structures have a more or less constant temperature,
and when the ambient temperature fluctuates, the
temperature difference of the structure inner and
outer elements grows.

The temperature difference naturally depends on
the building use, location, orientation with respect
to cardinal points, internal temperature conditions,
as well as envelope and structural elements surface
and finishing [4].

Butthe structures are mostly subject to temperature
effects during the construction. This is due to the air
temperature changes with quite regular periodic
fluctuations having the annual and daily periods.
The random fluctuations associated with the weather
change during the small periods of time (several
days) are imposed on the periodic fluctuations.

MAIN PART

Currently, there are a great number of calculation
tools that allow taking into account the temperature
effects during the buildings designing [3, 13 and
14]. The main difficulty of the calculation is the
description of design situations corresponding to
the potential demonstrations of temperature effects
at all stages of building construction and operation.

Below is an example of how temperature is taken
into account when calculating a frame with the large-
scale geometric dimensions both in plan and height.

Thus, within the framework of designing the
high-rise building in Kyiv [5 and 6], we analyzed the
temperature effects during the construction in order
to determine the structures stress-strain state.

The building of a residential complex with social
and domestic facilities and underground parking
[11] has a complex shape in plan, axes dimensions
of 76.68 m x 28.74 m, 26 residential floors and one
basement floor.

The residential complex structural scheme
includes a monolithic reinforced concrete frame
with vertical diaphragms and stiffening cores (i.e.
the braced frame with vertical reinforced concrete
diaphragms). The heights of parking lot and the
Ist floor are 3.8 m and 4.2 m, respectively, heights
of the 24th and 25th floors are 3.6 m, and the
typical floor height is 3.0 m.

Cast-in-place reinforced concrete building floors
are 200 mm thick and cast-in-place reinforced
concrete walls of C25/30 concrete grade are up to
350 mm thick. Reinforcing steel of classes A500C
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and A240C corresponds to DSTU 3760: 2006.

Pylons of rectangular section and sizes from
300x1200 mm to 400x2200 mm are made of C35/40
concrete grade; classes A500C and A240C reinforcing
steel corresponds to DSTU3760: 2006.

The foundation for the building is composed
of CFA concrete piles with a diameter of 620 mm
(C20/25 (B25) concrete grade and classes A500C
and A240C reinforcing steel according to DSTU
3760: 2006) united by a 1400 mm high cast-in-place
ground-beam (C25/30 (B30) concrete grade and
classes A500C and A240C reinforcing steel according
to DSTU 3760: 2006).

The plan of a typical building floor is shown in
Fig.1.

The calculation of the three-dimensional computer
model was carried out using the software package
"Lira-CAD 2017", which is a computer system for
structural analysis and design.

The design scheme is adopted in the form of
a spatial system consisting of core elements that
simulate the work of columns, girders and plate
elements simulating the floor slabs, walls, diaphragms
and foundations work.

For the structures calculations the scheme, at
which the maximum forces act in the building
structural elements, was adopted as a basis for the
calculations of main load combinations under the
wind action in two directions and of emergency load
combinations.

The loads and impacts for the building structures
were taken in accordance with DBN V.1.2.-2:2006
[7], taking into account the requirements of
DBN V. 1.2-14-2009 [8], DBN V. 1.1-12:2014
[9], DBN V. 2.2-24:2009 [10]. In the calculation,
the CC3 class of structure responsibility and the
structural responsibility category according to DBN
V. 1.2-14-2009 [8] were taken into account by
applying the corresponding coefficients of reliability
(when calculating for the basic load combinations,
the coefficients 1.15... 1.25 were taken to calculate
for the first group of limit states and coefficient 1.0
to calculate for the second group of limit states; when
calculating for the emergency load combinations, the
coefficient 1.05 was taken). The seismic load value
was taken in accordance with [9] and amounted to
7 points.

The characteristic wind load for the 1st wind

Figure 1 - Plan of a typical building floor
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district is 370 Pa and the terrain type is IV.

The characteristic snow load for the 5th snow
region is 1550 Pa.

The cross-sections of building reinforced
concrete elements were checked according to the
tforces values obtained in the analysis of the "base-
foundation-upper structure” system model

Figures 5 - 15 show the results of the vertical
displacements calculation in the floor slab level at
elevation +73.200 and the moment forces in the
floor slab under the temperature effects.

The temperature effects were calculated for
the building construction stage (for a time before
closing the heating circuit).

According to DBN V.1.2.2-2006 "Loads and
actions" Section 11, for the temperature effects
calculation the characteristic values of average
temperatures changes along the element cross
section for the warm At¢, and cold At, seasons,
respectively, should be determined:

Atw[onp = tw - toc = tew + 61 + 04 - toc =

=28 + 6 +8,5-15 = 27,5 °C (1)
Atc,loop = tc - tow = tec - 0’581 - Zow =
=-20-3-0= -23°C (2)
Atminner = tw - toc = tew - toc =

=28-156=13°C (3)
Atc,[rmer = tc - tow = tec - tow =

= -20-0= -20°C (4)

where ¢, and { are the average temperatures
characteristic values along the element section
during the warm and cold seasons (taken according
to DBN V.1.2.2-2006 table 11.1) and ¢,, and ¢,. are
the initial temperatures in warm and cold seasons.

The daily average ambient air temperatures in

warm {,, and cold ¢,. seasons may be taken as 28 °C
and -20 °C, respectively.
The initial temperature corresponding to the
structure or its part closure in a complete system,
in warm ¢{,, and cold {, seasons may be taken as
t,, = 0°Candi, = 15 °C.

Figure 8 - The principal stresses mosaic in the
N1 floor slab of the residential complex building at
elevation +73.200 under the temperature action
(MPa)

The obtained calculation results show an
approximate picture of the temperature
distribution. The actual distribution will not have
significant drops, and the required reinforcement

content will be lower. However, the pattern of -

forces distribution and required reinforcement
content will not change dramatically. In the
real conditions, the temperature action at the
construction stage before the heating circuit
closure can lead to the damages occurrence in the
form of cracks and spalling in structures (floors,

Figure 2 - General view of the building structural
design

Figure 3 - Model extract (the residential complex
basement floor)

Figure 4 - Model extract (the residential complex
typical floor)
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Figure 5 - Vertical displacements of residential
building structures at elevation +73.200 under

the temperature action (mm)

[ r

3
Figure 6 - Horizontal displacements of the
residential complex building structures at
elevation +73.200 under the temperature action
in the X direction (mm)

Figure 7 - Horizontal displacements of the
residential complex building structures at
elevation +73.200 under the temperature action
in the Y direction (mm)

Figure 12 - The required reinforcement
content near the floor slabs lower face along Y
axis at elevation +80.830 under

the temperature action (cm?)
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N3 floor slab of the residential complex building

g =R

Figure 9 - The principal stresses mosaic in the

at elevation +73.200 under the temperature
action (MPa)

Figure 10 - The required reinforcement content
near the floor slabs lower face along X axis
at elevation +80.830 under the temperature
action (cm?)

Figure 11 - The required reinforcement content

near the floor slabs upper face along X axis
at elevation +80.830 under the temperature

action (cm?)

_..'.t.z_...- - - K

Figure 13 - The required reinforcement content

near the floor slabs upper face along Y axis
at elevation +80.830 under the temperature

action (cm?)
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Figure 14 - Required content of walls and
pylons reinforcement at elevations from
+73.200 up to +80.830 in the horizontal

direction under the temperature action (cm?)

Figure 16 - The principal stresses mosaic in
the residential complex building floor slab with
arranged temporary contraction joints (MPa) at
elevation+73.200 under the temperature action

walls or pylons).

Therefore, taking into account the considerable
length of the building, it is recommended to arrange
the 200-mm wide temporary joints (concrete breaks)
in the floors to reduce the temperature eftects. In
these areas, the floor slabs should be "backed up".
It is recommended to divide the building with two
temporary joints near axes 3 and 7.

Figures 16 show the results of the floor calculation
for the temperature effect with regard to the division
by joints. As you can see from the figures, the forces
in the slabs have decreased by more than three times
compared to the initial ones.

CONCLUSIONS
The temperature effects nature and magnitude
have a significant influence on the building structural

Figure 11 - Required content of walls and pylons
reinforcement at elevations from +73.200 up
to +80.830 in the vertical direction under the

temperature action (cm?)

solutions determination for the sizeable buildings
design and construction.

The temperature effects caused by climatic,
technological, operational and emergency factors
are the most significant.

The main difficulty in temperature effects analysis
is the description of the computational situations
that correspond to the possible temperature effects
manifestations at all stages of buildings construction
and operation.

Taking into account the temperature effects in
calculations with the modern tools application allows
to avoid the structures damages at all stages of
buildings construction and operation, as well as to
determine the technological measures for avoiding
the materials over-consumption caused by the
necessity to take up the forces that may occur due to
the temperature effects.
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