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Abstract

The article is devoted to topical issues of researching structural designs as a component of high-rise buildings structural
system, which form an architectural image and a volumetric three-dimensional structure, consisting of a set of
interconnected structural elements that, working together, provide the strength of the volumetric structure, spatial rigidity
and overall stability of the object. High-rise buildings use different structural designs, consisting of vertical elements
(columns, walls, nuclei, diaphragms etc.) and horizontal elements (floors, beams, slanting belts etc.). Horizontal load-
bearing structures of high-rise buildings, are, as a rule, of the same type and represent a rigid reinforced concrete disk
(monolithic, precast-monolithic, precast). Horizontal structures carry vertical and horizontal loads and transmit them to
load-bearing structures and foundations. To reduce wind effect, aerodynamically efficient cylindrical, pyramidal or
prismatic shape of the building is chosen. The high-rise buildings designs have their own specificity, which greatly
influences the three-dimensional planning and architectural and design decisions. These features include: significant
loads on load-bearing structures; unequal loads on structural elements; high wind load as a horizontal component;
problems of joint work of load-bearing structures made of steel and concrete; impact of natural factors (seismic,
atmospheric, aerodynamic); influence of technogenic factors (vibrations, noise, accidents, fires, sabotage acts, local
destruction); heightened requirements for fire safety and environment control systems; complex engineering and
technical support.

Keywords: structural designs and systems; high-rise buildings; frameworks of high-rise structures; frame systems

Any variant of structural system should ensure
reliable operation of a high-rise building for at least
Compared to low-rise buildings, the high-rise buildings 150 years, taking into account the warranty on its safe
work mostly as a single integrated structure and it is the  operation and maintenance in case of possible
feature that affects significantly the designing process ~object’s resource restoration.
of such type buildings. The structural design of high- Various structural designs consisting of both the

rise buildings forms some architectural image and Ve@cal (columns, walls, diaphragms, etc.) and
certain spatial structure consisting of a set of horizontal (floors, roofs, beams, braces and other

. 1 elements) ones are used in structural systems of high-
interconnected structural elements providing the

R o rise buildings. Horizontal bearing structures of high-
strength, spatial rigidity and overall stability of the ... buildings, as a rule, are of one type and usually
object.

1. Introduction
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represent a rigid reinforced concrete disk (cast-in-
situ, prefabricated cast-in-situ, or prefabricated one).
Horizontal constructions take up vertical and
horizontal loads and transmit them though one storey
after another to the vertical bearing structures, which
in turn transmit these loads to the foundation.

The main types of a high-rise building or skyscraper
horizontal sections are 40x40, 50x50, 40x60 m,
depending on its height. Such type restrictions are
caused by predominant influence of wind loads on the
stability of building taking into account the possibility

WO

of resonant vortex excitation of its oscillations. That’s
why the floor area of even 80-100 storey skyscrapers
does not exceed 2.0-2.5 thousand square meters [1].

In order to reduce the wind action, the
aerodynamic forms (cylindrical, pyramidal or
prismatic) of buildings are used (Fig.1).

To increase the stability of the building, they resort
to extending its cross-section area downward in one,
two, three, or four directions (Fig. 1, b). The flexibility
of the most high-rise buildings, that is, the ratio of their
height to their width, is usually between one and eight.

Fig. 1. Efficient aecrodynamic forms of high-rise buildings:
a — 54-storey cylindrical Skyscraper «Well», 173 m high, in Johannesburg;
b —Transamerican Pyramid, 260 m high in San Francisco;
¢ — 83-storey tower "Aon Center," 346.3 m high in Chicago

The higher value of flexibility coefficient results in
inadmissible lateral accelerations at the top of the
building and therefore it requires using some damping
elements to ensure normal building operation. The
standard horizontal displacements of the top of the
building should be for buildings up to 150 m high not
more than 0,002 mm, more than 250 m - up to 0,001
mm. For intermediate heights, the standard value is
taken by the interpolation method.

Moreover, high-rise buildings are provided with
special construction measures to protect them from the
progressive collapse during natural and man-made
emergencies. These measures consist in reserving the
strength of bearing structures.

Various structural peculiarities of high-rise buildings
affect significantly their spatial-planning and
architectural-designing solutions. There are the
following peculiarities of such type:

- significant loads taken up by the bearing structures;

- different loading of structural components of
buildings;

- great wind loading as a horizontal component;

- problems of joint work of steel and concrete bearing
structures;

- the impact of natural factors (seismic, weather,
wind);

- the impact of man-made factors (vibration, noise,
emergency, fires, acts of sabotage, local destructions);

- increased requirements for fire safety and life support
systems;

- complicated engineering and technical support.

2. History of development and modern concepts of
high-rise house-building structural systems

A characteristic feature of high-rise buildings, in
contrast to the ordinary-story buildings, is the
significant impact of horizontal wind loading [1]. To
ensure the strength and stability of high-rise
buildings, various structural systems are used in the
world practice, depending on the building’s storey
number, construction conditions, seismic activity of
the object's construction area, engineering-geological
conditions, atmospheric impacts, primarily wind loads,
and architectural and planning requirements (Fig. 2).
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Fig. 2. Structural systems of high-rise buildings:
a — with transversal bearing walls; b — frame-skeleton system; ¢ — skeleton system with stiffening diaphragms;
d — tube type; e — skeleton-tube type; f— box type; g — box-tube type

The frame-skeleton structural system was first City (1929 - 1931). The thick out-walls are the main
applied by architect Raymond Hood during erecting shortcoming of such type systems (Fig.3).
the McGraw-Hill Building, Manhattan, New York

Fig. 3. Skyscraper McGraw-Hill Building, Manhattan, New York City

The frame-skeleton structural system is of various  system, regardless of the material used for

types (Fig.4). construction, steel or reinforced concrete, was first
. applied to erect the 38-storey administrative
3. Main results of the research skyscraper “Brunswick Building” 145 m high in

The “tube” type or “tube in tube” type structural ~Chicago.
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Fig. 4. Types of frame-skeleton structural system:
a — with external columns; b — with a suspension of floors along the perimeter of the building; ¢ — with floors
suspended by pre-stressed ropes; d — with cantilever beams; 1 — columns; 2 — cable stays; 3 — pre-stressed cable stays;
4 — cantilever beams; stiffening core

The particularity of the "tube" structural system is
that the horizontal loads are taken by trunk of the
building (its stiffening core), that enables to reduce

significantly its outer wall’s weights, in contrast to the
frame-skeleton structural system (Fig. 5).

a) b)

0) d)

Fig. 5. The tube type systems:
a — hanging on the upper cantilever; b — resting upon the bottom cantilever;

¢ — cantilever resting of floors upon the tube;

The "tube in a tube" system differs from the
"cantilever" one by presence of the second internal
load bearing system. Thus, in this structural system,
all horizontal and vertical loads are taken up by the
internal and external trunk systems. Joint operation of
internal and external trunks under the horizontal loads
is provided by grillages, located at the levels of
technical floors. Due to the joint work of external and

d — intermediate location of bearing cantilevers

internal systems, the rigidity of the building rises up
to 30-50% compared with the frame-braced and
braced ones.

The design solution of twin houses of the
International Trade Center in New York, 417 and 415
m high, is based on box-type structural system where
all horizontal loads are taken up by the spatial lattice
of the outer walls.
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The 100-storey administrative complex "John
Hancock Center" 344 m high has been built in 1969
in Chicago. In this house the tube type structural
system was used. However, it differs from the
previous one, as the outer wall’s lattice is without
braces.

In general, the tube structural system is used in all
the highest buildings of the world. They differ by
their outer wall’s lattices only.

The construction of a high-rise building of
HSBC's headquarters in Hong Kong represented the
creation of a new structural system, the so called
"mega-spatial" framework where the vertical spatial
truss is used as a main bearing structure of the
building. The spatial framework of the building is
formed by connecting vertical planar trusses of
different heights and configurations. Thus, such
spatial structural system is a structural combination of
54-meter space-frame modules with four-corner and
one central supporting joints resting on the concrete
columns. The main advantage of using spatial trusses
is the economic efficiency of construction due to
reducing the overall weight of structures, the number
of columns, and the absence of concrete structures in
the frame (Fig. 6).
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Fig. 6. HSBC's headquarters in Hong Kong

Such structural system is sufficiently resistant to
seismic and wind loads and can withstand a wind flow
speed up to 89 km/h.

At the end of the twentieth century, the structural
diagonal lattice, as an external bearing shell has
become widely used for high-rise buildings. This
technique has been used in the design of high-rise
building of Puerto Europe or the Gates of Europe in
Madrid, architect F. Johnson (Fig. 7).
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Fig. 7. The high-rise building «Gate of Europe»:
a — the design of the building; b — the general
view of the building

In order to increase the flexural stiffness of the
bearing skeleton of high-rise buildings with the tube
structural systems and their resistance to the dynamic
horizontal loads, the outrigger structures (systems of
diaphragm-outriggers), that have become widely
implemented due to increased efficiency of taking up
the wind loads, are used in the frame of buildings. The
purpose of the system is to reduce the bending strains
of the whole building. Such structural technique
enables to avoid reducing the useful area of the
building’s premises, which is typical in case of
traditional outrigger systems. A new design approach
for connection joints of the outrigger beams with
columns was developed - the "flat-jack" support. This
system enables to monitor the bearing structures
during the first three years of building operation and,
if necessary, to stabilize the emerging deformation
(Fig. 8).

In order to neutralize seismic loads and
fluctuations arising under the wind action, the
structural control system of buildings has been widely
used. This system includes methods of active,
resonant, frictional suppression of oscillations and a
soft low-carbon steel technique.

Fig. 8. General view of "flat-jack" support
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The method of resonant suppression of oscillation
in the form of a passive swing damper was used in the
structural design of the Taipei 101 office building, the
official name is “Taipei Financial Center”, in Taiwan,
Taipei, arch. Bureau “C.Y. Lee & Partners”. Damper
(in the form of a ball) weighing 728 tons, 5.4 meters
in diameter, suspended with cables in the upper part

of the building, between floors 92 and 88, is designed
to suppress inertial oscillations. In ordinary
conditions of operation, the damper provides the
building’s top deflection within 10 cm, while under
strong wind or earthquake impacts, it swings with an
amplitude of up to 150 cm, ensuring the building
swing within its safety limits (Fig. 9).

Fig. 9. Skyscraper “Taipei 101”:
— location of the damper in upper part of the building; b — swing damper in the form of a ball

The 123-story Mega Skyscraper, 556-meter high
“Lotter World Premium Tower” in Seoul has been
developed by the “Kohn Pedersen Fox™ architectural
Bureau (Fig. 10, a). The problem of increased
flexibility in this building was solved by installing a
built-in water oscillation damper. It is a technical
system located in the upper part of the building
including a reservoir filled with water through
vertical tubular lines, which enable to regulate the
water level in the reservoir (Fig. 10, b). The water
filling the reservoir has the ability to suppress the
oscillations and limit their amplitude to the level
acceptable for a comfortable stay of people.

Fig. 10. Mega Skyscraper,” Lotter World Premium
Tower”:
a — general view; b — location of the water damper in
the upper part of the building

One of the main tasks of modern high-rise
construction is to solve issues related to ensuring the
reliability and safety of structures. Therefore the
designer’s task is to create a building that will not
collapse when some of its separate constructive
components have collapsed.

4. Conclusions

Summarizing the structural systems development of
high-rise buildings in recent years, it is possible to
note their main features:

- application of three main structural systems: tube,
box, tube-box and variants of their combination;

- creation of new structural system — a mega-space
frame;

- use of a diagonal lattice as a bearing element of the
outer shell;

- introduction of systems: of active, resonant, and
frictional oscillation suppression;

- introduction of design techniques for effective
taking up wind loads by structural system of buildings
- outrigger structures;

- use of double ventilated facade.
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CratTs NpUCBSIYCHA aKTYJIbHUM MUTAHHIM JOCIHIIPKEHHS KOHCTPYKTHBHOI CUCTEMH BUCOTHHUX OyiBelnb, sKa
YTBOPIOE apXITEKTypHHI 00pa3 i 00 €MHO-TIPOCTOPOBY CTPYKTYpPY, IO CKJIAJAEThCS 13 CYKYITHOCTI
B3a€MO3B’13aHUX KOHCTPYKTUBHHX €JIEMEHTIB, SIKi IPU CyMiCHil po0oTi 3a0€3Me4yI0Th MilIHICTh HPOCTOPOBOI
CTPYKTYPH, IPOCTOPOBY KOPCTKICTh 1 3aTalIbHY CTIHKICTh 00’ €KTa. Y BHCOTHUX OYIIBIISX 3aCTOCOBYIOTH Pi3HI
KOHCTPYKTHBHI CXEMH, SIKI CKIIQJIalOThCSl 13 BEPTUKANBHUX (KOJIOH, CTiH, saep, AiadparM Tta iHmm) i
TOPU3OHTAIBHUX €NIEMEHTIB (MIEPEKPUTTIB, MOKPHUTTIB, OaOK, PO3KICHUX MOSICIB Ta iHIINX). ['opu3oHTaNBHI
HeCydi KOHCTPYKIIi BHCOTHHX OyZiBeNlb, SIK MPaBHIIO, OJHOTHUITHI 1 3a3BHYall SIBIAIOTH COOOI0 JKOPCTKHN
3a1i300€TOHHUN AUCK (MOHOJITHUH, 30ipHO-MOHOJITHUN, 30ipHUIL). lopusonTanbHi  KOHCTPYKIIiT
CIPUIMAIOTh BEPTHUKAJIbHI Ta TOPU30HTAIbHI HABAHTAKEHHS 1 MepelaloTh iX Ha Hecydl KOHCTPYKLii Ta Ha
(hyHnameHTH. 3 METOFO 3HMYKCHHS BITPOBHX BILIHBIB BHOUPAIOTh €(PEKTHBHY B apOIMHAMIYHOMY BiTHOIIEHHI
OWTHAPAYHY, TipaMigalbHy abo mpu3MaTudHy dopmy OyaiBiai. KoHCTpyKIlii BUCOTHMX OYIWHKIB MaroTh
cBOl crenudiky, sSKa 3HAYHOI MIpOI0 BIUIMBAaE Ha ixHI 00 €MHA-IUIAaHYBalbHI Ta apXiTEKTypHO-
KOHCTPYKTHBHI pimeHHs. Jlo Takux OCOOJIMBOCTEH BIAHOCATHCS: 3HAYHI HABAaHTAKEHHS Ha HeECydi
KOHCTPYKLIii; HEOAHAKOBE HABAHTAXECHHS Ha KOHCTPYKTHBHI €IEMEHTH KOHCTPYKLIH; BHCOKE 3HAYEHHS
BITPOBOTO HaBAHTKEHHS SIK TOPU3OHTAIBHOI CKIIAJI0BOT; MPOOJIEMH CITIIBHOI pOOOTH HECYUMX KOHCTPYKIIiH
i3 cranmi Ta OeTOHY; BIUIMB NMPHUPOAHUX (AKTOpiB (CelcMIUHMX, aTMOC(EpHUX, aepOAWHAMIYHMX); BILIHMB
TEeXHOTeHHUX (pakTopiB (BiOparlii, mrymu, aBapii, moxexi, AMBEPCiiiHI aKTH, JIOKAIbHI PYHHYBaHHS ); i IBUIICHI
BHIMOTH JI0 TIOXKEXKHOI O€3MEeKH Ta CHCTEM KHUTTE3a0€3NEUCHHS; CKIIaIHE IHKEHEPHO-TEXHIUHE 3a0€3eUeHHSI.

Karo4oBi ciioBa: KOHCTPYKTHBHI CXEMH Ta CHCTEMH, 0araTormoBepXoBi OyAiBIi, KApKacu BUCOTHUX CIIOPY/I,
paMHi CHCTEMU
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Crarbs HOCBSILEHA aKTyalbHBIM BOIIPOCAM HCCIENOBAHMS KOHCTPYKTHMBHOM CHCTEMBI BBICOTHBIX 3HaHUI,
KOTOpBIE CO3[AIOT APXUTEKTYpHBIH 00pa3 M 0OBEMHO-TIPOCTPAHCTBEHHYIO CTPYKTYPY, COCTOSIIYIO U3
B3aMMOCBSI3aHHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB, KOTOPBIE IPH COBMECTHOM poOOTE 00ecIeuyroT MPOYHOCTh
MIPOCTPAHCTBEHHOW CTPYKTYPBI, IPOCTPAHCTBEHHYO )KOCTKOCTD U OOLIYI0 CTOHKOCTH 0OBEKTa. B BBICOTHBIX
3aHUAX UCIIONIB3YIOT Pa3Hble KOHCTPYKTUBHBIE CXEMbI, KOTOPBIE COCTOAT U3 BEPTHKAJIBHBIX (KOJIIOHH, CTEH,
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siep, quadparMu T. 1.) ¥ TOPU30HTAIBHBIX 3JIEMEHTOB (IEPEKPBITUH, TOKPHITHH, 0aJIOK, PACKOCHBIX ITOSICOB
u T. A.). ['opu3oHTanmpHBIE HECylmWe KOHCTPYKIMHM BBICOTHBIX 3/aHWM, KaKk TMPaBWIO, OJHOTHUIHBI U
MIPEACTABISIOT COOOM KECTKUH JKEeNe300€TOHHBIN MUCK (MOHOJMUTHBIA, COOPHO-MOHOJUTHBIM, COOPHBIN).
l'opu3oHTaNBHBIE KOHCTPYKIIUM BOCIPUHUMAIOT BEPTUKAIBHBIC  TOPH30HTAIBHEIC HATPY3KHU U MEPEIIAIOT UX
Ha HeCyllue KOHCTPYKIM W ubyHmameHTl. C UENbI0 CHIDKEHHS BETPOBBIX BO3JICHCTBUI BBIOMpAIOT
3¢ (HEeKTUBHYIO B a3POJMHAMUYECKOM OTHOIICHUH IIMJIMHAPUICCKYIO, TUPAMUTAIBHYO UIIH PU3MAaTHICCKYIO
(dhopmy 3nanuss. KOHCTPYKITMH BRICOTHBIX 3[JaHUI HMEIOT CBOIO CHEIM(UKY, KOTOpas BIUICT HA UXOOBEMHO-
IUIAHUPOBOYHBIE W apXUTEKTYPHO-KOHCTPYKTHBHBEIE pelneHns. K TakuM OCOOCHHOCTSIM OTHOCSTCS:
3HAYUTENbHBIC Harpy3KX Ha HECYIIIe KOHCTPYKIINY; HEOIWHAKOBBIE HArPy3KH Ha KOHCTPYKTHBHBIE SIIEMEHTHI
KOHCTPYKITUI; BBICOKOE 3HAUYCHUE BETPOBON HArpy3kd KaK TOPH3OHTAIBHON COCTaBISIONICH; MpPOOJIEMbI
COBMECTHOW pabOThl HECYIIMX KOHCTPYKIHMH W3 CTaad U OETOHa, BO3ACUCTBHE MPHUPOIHBIX (HaKTOPOB
(ceficMUYHBIX, aTMOC(EPHBIX, adPOINHAMUYHEIX ); BO3ACHCTBHE TEXHOTCHHBIX (haKTOPOB (BHOpAITH, IITYMEI,
aBapuH, NOXKapbl, TUBEPCUOHHBIC aKThI, JIOKAJIbHBIC Pa3pyIIeHU); TOBBIIICHHBIC TPEOOBAHUS K MOKAPHOH
0€30IacHOCTH U CHCTEM XH3HE00e3MeueHHs; CII0KHOE HHKEHEPHO-TEXHNUECKOE 00ecreueHHe.

KiioueBble cjI0Ba: KOHCTPYKTUBHBIE CXEMBI W CHUCTEMBI, MHOTOXTaKHBIC 3aHMWS, KapKachl BBICOTHBIX
COOPY>KEHUH, paMHBIC CUCTEMBI

Valeriy Pershakov(1943). Doctor of technical Sciences,

Department of Reconstruction of Airports and Highways of Airports, National Aviation University, Kyiv,
Ukraine.

Education: Kazakh Polytechnic Institute, (1966)

Research area: will build constructions, build and argue, auto roads and aerodromes

Publications: over 320.

E-mail:pershakov@nau.edu.ua

Andrii Bieliatynskyi (1970). Doctor of technical Sciences

Department of Reconstruction of Airports and Highways of Airports, National Aviation University,
Kyiv,Ukraine.

Education: Kyiv Automobile and Road Institute, (1993)

Research area: transport and engineering, design and construction of roads and bridges, engineering of
airports

Publications: over 300

E-mail: beljatynskij@ukr.net

Sergiy Bilyk (1958). Doctor of technical Sciences,

Department of Metal and Wood Construction, Kyiv National University of Civil Engineering and
Architecture, Kyiv, Ukraine.

Education: Vinnitsky Polytechnic Institute (1980).

Research area: will build constructions, metal and wood construction.

Publications: over 160.

E-mail: vartist@ukr.net

Yevgen Bakulin (1959). Candidate of Technical Sciences,
Department of Construction, National University of Life and Environmental Sciences of Ukraine, Kyiv,
Ukraine.

Education: Kyiv National University of Civil Engineering and Architecture (1986).
Research area: will build constructions.

Publications: 60.

E-mails: bakulin959@ukr.net



62 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2020. N2(83): 54-62

Oleksandr Pylypenko (1954). Candidate of Technical Sciences,

Department of Reconstruction of Airports and Highways, National Aviation University, Kyiv, Ukraine.
Education: Kyiv National University of Civil Engineering and Architecture.

Research area: autoroads and aerodromes.

Publications: over 150.

E-mail:POI220154@gmail.com

Georgiy Bolotov (1934).Candidate of Architecture, Senior Researcher,

Faculty of the Architecture, Building and Design, National Aviation University, Kyiv, Ukraine.
Education: Kyiv Engineering and Construction Institute, (1960)

Research area: Architecture, Urban planning, Landscape architecture, Esoteric aspect.
Publications: over 200.

E-mail: bolotovgi@gmal.com

Oleksandra Akmaldinova (1940). PhD (Philology), professor,

Professional Foreign Languages Department, National Aviation University, Kyiv, Ukraine.
Education: Kyiv State Pedagogical Institute of Foreign Languages (1962).

Research area: The English Language. Communicative Syntax.

Publications: over 300.

E-mail: akmaldinoval304@ukr.net

Ivanna Martynenko. Master of building,

Department of Reconstruction of Airports and Highways of Airports, National Aviation University, Kyiv,
Ukraine.

Education: National Aviation University,

Research area: will build constructions, build and argue, auto roads and aerodromes

Publications: over 15.

E-mail: popovich_ivannal992@ukr.net

Oleksandr Reznyk(1982). Candidate of Technical Sciences,

Department of Reconstruction of Airports and Highways of Airports, National Aviation University, Kyiv,
Ukraine.

Education: National Aviation University,(2006).

Research area: calculation of non-rigid type of road pavements.

Publications: 10.

E-mail: reznik.oleksandr@ g.mail.com



