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KomnneKkc aspoguHaMuuecKkux Tpyo

MocToBble coopyrHeHus

BbicoTHbIe 3gaHNA

NangwadTHble 06EKTHI

B XXI-M BeKe B ropofCKOVi apxMTeKType
HabstogaeTcA BCMIECK CTPOUTENbCTBA
YHUKa/IbHbIX 06EKTOB MOBbILLEHHOV
CNTIOMKHOCTM: BONbLIENPONIETHLIE MOCTHI,
HeboCKpebbl, OrpOMHbIe CTaanoHbl. Bo Bpemsa
pa3paboTKM NMPOEKTOB MOLOGHBIX COOPYHEHUI
NMPOEKTHbIe OpraHM3aumn CTanKknBarTCA

C TeM, YTO BHeLUHAA cpefa, NpupoaHble
darTopbl, pesibed MECTHOCTU 1 KAMmaT
OVKTYIOT MPOEKTaHTaM U CTPOUTENIAM CBOU
YC/I0BUA, BbIMOJIHEHNE KOTOPbIX ABMAETCA
CTPOroi Heo6X0AMMOCTbIO, & HEBBIMOJIHEHWE
rpo3uT KaTacTtpodoi. [naBHoe npaBuio
CTPOUTENBCTBA MOLOOHBIX aPXUTEKTYPHDBIX
LefeBpoB — y4nTbIBaTb A0 MeNoYen Bce
(baKTopbl OKpyHaloLLeit cpeabl, KOTopble byayT
BO3[eNCTBOBATb HA COOPYEHMA BO BpEMA

UX 3KCnayaTaumn. Mo oueHKaM AMOHCKUX
CrneuManncToB BETPOBaA Harpy3ka AaAa 34aHunA
BblcoTo 601ee 200 METPOB cov3Mepuma

C Harpy3kamu oT feBATUOANIBHOro
3emneTpAceHuA. [Ina nonayyeHna [oCTOBEPHbIX
pe3ynbTaToB 06 a3poAMHAMUYECKUX HArpy3Kax
BO MHOTMX CTpaHax MNpUHATbLI TpeboBaHuA

0 MpoBeAeHWUU UCMbITAHUA MAaKeTOB 34aHWUM

B CNeuvanM3MpoBaHHbIX a3pOANHAMUYECKMX
Tpybax. KoMnnekc aspoanMHamuyeckux Tpyo
KpbINOBCKOro Hay4YHOro LieHTpa No3BOAET
MccnefoBaTh a3poAMHAMUYECKNe Harpy3Ku
Ha BbICOTHbIE 3[4aHNA U NMPOTAMEHHbIE
COOPYMEHUA, TaKMe KaK MOCTbI.

The urban architecture of XXI century is
witnessing a surge of interest in unique and
sophisticated buildings and structures like
long-span bridges, skyscrapers, and grand
sport arenas. Designers dealing with such
projects are challenged by environmental

and natural factors, as well as climate

and landscape features imposing rigorous
constraints which, if ignored, may lead to
disastrous consequences. The golden rule for
construction of such ambitious projects is
scrupulous consideration of all environmental
effects on buildings in the perspective of their
entire lifetime. According to Japanese experts
wind loads on buildings higher than 200 m are
comparable with the magnitude 9 earthquake
shocks. In many countries across the world

it is a must to test models of buildings in
special purpose wind tunnels for obtaining
reliable data on aerodynamic loads. The
Krylov State Research Centre is operating a
complex of wind tunnels offering a capability
to investigate aerodynamic loads on high-
rise buildings and long-span structures like
bridges.

Wind tunnel complex
Bridge structures
High-rise buildings
High-rise buildings



NanpwadpTtHan
aspoauHamMuyecKasn Tpyba
KpbuioBcKoro ueHTpa
no3BONAET pelwarb Bce
npo6nemMbl COBpEeMEHHbIX
ApPXUTEKTYPHbIX
COOpYEHWUN, CBA3aHHbIEe
C BETPOBbIMU HarpysKamu

The Landscape Wind Tunnel
of the Krylov State Research
Centre is able to address all
issues related to wind loads
on modern buildings and
structures

KOMIUJIEKC ASPOOANHAMUYECKUX TPYB

B Mupe cyuiecTByeT 60/bLLI0e KoMYecTBo
CaMOoJEeTHbIX a3poAnMHaMUYecKux Tpyb ans

HY*{[ @aBMaKOCMUYECKOWN NMPOMbILLIEHHOCTH.

TV Tpybbl XapaKTepu3yTCA 3aMKHYTbIM
KOHTYPOM, KOPOTKOW OTKPbLITON paboyeit YacTbto
1 Mano NpUrogHbl ANA UCMbITAHUA YHUKA bHBIX
APXUTEKTYPHBIX 06bEKTOB. [J1A UCTIbITaHWI
60/1bLLIENPONETHLIX MOCTOB, HEOOCKPEOOoB,
CTaZMOHOB, MOPCKUX M PEYHbIX MOPTOB, BYpOBbIX
nnatdopMm, a TaKKe APYrux YHUKaIbHbIX
COOPYMEHUI HeobxoauMo obecneynTb
[O0CTATO4HO KpYrHbI MaclTab ucciegyemoro
MaKeTa 1 KOpPpeKTHO NPOMOAeIMpoBaTb
MpV3eMHbIN NOrPaHNYHBIN C/I0A. 3TO BO3SMOMHO
NWLWb B CNieuyasibHoM NaHawapTHO
a’poavHaMuyecKol Tpybe

C 3aKpbITol paboyei YacTbto 4MHOM

W LIMPUHOV He MeHee 10 MeTpoB.

NanpwadTHan
aspoavHammyeckan Tpyba
0OCc06€eHHOCTU YCTAaHOBKM:

+ Bo3mMorkHOCTb MOZEenMpoBaTh NPU3EMHbIV
MOrpaHNYHbIN CNON

 [nuHa paboyero yqactka — 18 M

+ CeyeHune paboyero y4acTka — NpAMOYrosibHUK
11x2,3 ™M

« CuctemMa KnMMaTU4eckoro KROHTpONA
napamMeTpoB NOTOKa

WIND TUNNEL COMPLEX

There are many so-called aircraft wind
tunnels around the world which are intended
for aerospace industry applications. Such

wind tunnels have a closed circuit design

with a short open test section not suitable

for experiments with one-off buildings and
structures of unique architecture. Long-span
bridges, skyscrapers, stadia, as well as sea

and river port structures, drilling rigs and other
sophisticated buildings have to be tested on
models of sufficiently large scale with proper
simulation of the ground boundary layer. It is
doable only in a special landscape wind tunnel
with a closed test section measuring at least
10 meters in length and width. The Landscape
Wind Tunnel of the Krylov State Research
Centre is able to address all issues related to
wind loads on modern buildings and structures.

Landscape
Wind Tunnel

Features:

» Modeling of ground boundary layer

» Test section length — 18 m

+ Test section shape - rectangular 11 x 2.3 m

+ Flow temperature & humidity control

bnok BeHTunATopos

RoopanHaTHoe ycTponcTBO
Fans Traversing gear

[oBOPOTHbBIV Kpyr
Turn table

26 M

Pabouas yuacmp JlaHowagpmHoti
aspoduHamuyecKkoli mpybbl

Wind tunnel of Landscape Wind
Tunnel

AspoguHamuyecKkas Tpyba
CaMOJIETHOIO TUMA — 3TO YCTaHOBKa,
co3patollas NoToK Bo3dyxa AA U3yveHus
AB/IEHW, COMPOBOMKAAIOLLMX 06TEKAHME Te.
AspoanHamuyeckan Tpyba 1crnosnb3yeTca
LA UCTIbITAHWUA MAKEeTOB BbICOTHbIX 34aHui
I MOCTOB, KaK CEKLIMOHHbIX, Tak 1 Ha cTaauu
CTpoUTeNbCTBA.

« CeyeHue pabouyert Yact — anannc 2,5x4 M
« [nvHa paboyeri YacT — 5 M
+ CropocTb HaberatLulero notoka — go 80 M/c

Krylov’s Large Wind Tunnel

of aircraft type is designed to generate
air flows for investigating the phenomena
associated with flows around bodies. This
facility is used to test models of high-rise
buildings and bridges both section-wise and
complete at construction phase.

+ Test cross-section — ellipse 2.5 x4 m
+ Test section length - 5 m
+ Incident flow speed - up to 80 m/s

I T O ™

AspoduHamudeckas
mpyba camonemHo2o
muna

Wind tunnel
of aircraft type



Kpbl10BCKUIA LLeHTp UMeeT
LUIMPOKUE BO3MOMKHOCTHU
AnA paspaboTku
A3poavHaAMMUYECKUX
racuTtenen Konebanun ana
KaM{A0oro KOHKPeTHOro
NpoeKTa MocTa

The Krylov Centre is able

to develop customized
aerodynamic dampers to suit
specific bridge design

- KonebaHus sonzozpadckozo mocma
= Volgograd bridge galloping

Paspyuwerue markomckozo mocma

Collapse of Tacoma Narrows Bridge

MOCTOBbIE COOPYHEHUA

HayuHoe HanpasneHue, cBA3aHHOe C Bonpocamu
A3pOANHAMUKM ¥ a3pOyMpyron yCToMYMBOCTH
MOCTOBbIX COOPYM{EHWI, aKTyanm3npoBasiochb
nocne KpyweHusas 1940 rogy B1cAYero Mocta
yepe3 Taxkomckui nponvs B CLUA.

K HacTosLeMy BpeMeHy HaKormieH 60s1bLLoi
OMbIT B NPOEKTUPOBAHNN MOCTOBbIX
KOHCTPYKLIMIA, HO OMACHOCTb 06OPYLLIEHUA MOCTOB
nof AencTBMeM BETPOBOWM Harpy3ku cyllecTeyeT
1 no cev geHb. OOHUM 13 MPUMEPOB MOMET
CNYy*nUTb MOCT B Bonrorpaze, KoTopbin B Mae
2010 roga packaumBasnca nog AencrsmemM
BETpa C amnamnTyaon go 1 metpa.

VcnbiTaHnA MaKkeToB B @3poAVHaMMYECKUX
Tpybax No3BoNAT CMOAENIMPOBATL BCE
BO3MOMHble HanpaBeHWA 1 Nobyo CKOPOCTb
BeTpa, AeNCTBYIOLLEr0 HA MOCT.

B KpblnoBCKOM LieHTpe NpoBoAATCA
cnepyolme aspoaMHaMuYeckne MccieaoBaHNs
MOCTOBbIX KOHCTPYKLINIA:

« OnpefeneHve KPUTUYECKKX CKOPOCTEl BETPa,
MpY KOTOPbIX BO3HUKAOT OMACHbIE KoslebaHus
HaTypHOro MocTa

« HaxorkgeHue amMnnutyabl KonebaHui
MPONIETHOIO CTPOEHNA, NMUMOHOB, BaHT MOCTa

« OnTMMM3aumA aspoarHaAMUYECKNX
XapaKTepUCTVK NPOSIETHOO CTPOEHNS
1 3IEMEHTOB MOCTOB

+ Pa3paboTKa NaccvBHbIX U aKTUBHbIX
A3poAMHAMUYECKUX racuTenei KonebaHni

BRIDGE STRUCTURES

The research on bridge aerodynamics and
aeroelastic instability was initiated after the
Tacoma Narrows Bridge disaster in the USA in
1940. Today in-depth expertise in bridge design
has been attained, however the risk of bridge
collapse disasters is still to be reckoned with.
One of the latest examples is the Volgograd
bridge galloping behaviour induced by wind in
2010 when oscillation amplitudes reached T m.

Model tests in wind tunnels enable simulation
of all wind directions and velocities affecting
the bridge under study.

The Krylov Centre performs the following
aerodynamic studies of bridge structures:

« Prediction of critical wind speeds giving rise
to dangerous full-scale bridge oscillations

» Determination of oscillation amplitudes for
bridge superstructures, pylons, and stay
cables

» Aerodynamic optimization of bridge
superstructures as well as other bridge
components

+ Development of passive and active
aerodynamic dampers

4 VccnedosaHue s3aumodeticmaus

pacnosioKeHHbIX psidom
asmo0dopor<Ho20
U ¥Kesie3H000pOrKHO20 MOCMOB

Tests to investigate interaction
of closely located automobile
and rail bridges

lNpu nonepeyHoM 06TEKAHUM NPOETHOIO
CTPOEHMA MOCTa BO3YLUHBIM MOTOKOM
MPOVCXOANUT NEPUOONYECKNIA OTPbLIB
BUXpeN. 3TV BUXPU ABNAIOTCA MPUYUHON
BO3HWKHOBEHWA OMacHbIX KoslebaHuit
MPOJIETHOr0 CTPOEHMA MoCTa. Pe3oHaHCHbIX
ABMEHWUI MOXHO U36eXaTb NyTeM yCTpaHeHNs
nepuoan4ecKnx BUXpen B ciiede 3a
MpOSIETHBIM CTPOeHUeM. [oa06OHbIN 3hderT
6yneTt obecrneyeH Npu UCNoJIb30BaHWUK
MepeynCIeHHbIX HUMKE YCTPONCTB:

. ObTrerarenu

+ [poHuLaeMble 6a04HbIE KOHCTPYKLMN

« [accyBHble aspoauHaMmUYecKmne
racuTenu KonebaHui

Busyanuzayus suxpesozo cneda
do u nocsie ycmaHoBKU aspo-
duHamu4ecKozo 2acumensi KonebaHuti

Visualization of the wake vortex
before and after installation of the
aerodynamic damper

v

In case of cross air-flow the bridge
superstructures are subject to periodic

vortex separations. These vortices may

cause dangerous oscillations of bridge
superstructures. Resonance phenomena can
be avoided by suppressing periodic vortices in
wake of superstructures, which can be done
by one of the following methods:

 Application of fairings
+ Application of permeable beam structures

» Development of passive aerodynamic
suppressors

BaHmosbili mocm uepe3 nponus bocgop BocmouHbill. P
Cambili npoms<eHHbIU BaHMOBbI MOCM B8 MUpe.

JnuHa yeHmpanbHozo nponema — 1 104 mempa.
[Mpoekmuposuwjuk 3A0 «MIHcmumym [unpocmpotimocm.
CaHkm-lTemepbypa»

Cable bridge across Eastern Bosphorus strait.

The world’s longest bridge with a 1104-meter-long
middle span designed by Stock Company

“Institute Giprostroymost Saint-Petersburg”
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YnpyzonodobHas modesb nunoHa
mocma yvepe3 bocgop BocmouHbili
8 aspoduHamuuecKkoli mpybe

Elastically similar model of
Eastern Bosphorus bridge pylon
in wind tunnel




Ha ocHoBe nony4eHHbIX
AaHHbIX B KpbuloBCKOM
LieHTpe pa3pabartbiBaloTcs
PELUEHUA MO CHUMKEHUIO
WM NMOJIHOMY YCTPaHEHUIO
HeraTMBHOro BO3AeNCTBUA
a3poAnHaMMUYECKUX
¢akTopoB

The obtained data in Krylov
State Reacearch Centre are
utilized to work out solutions
for mitigating or cancelling
negative aerodynamic factors

BbICOTHbIE 30AHUA

WcTopuAa 3HaeT MHOMeCTBO C/ly4aeB aBapui
3[aHUN 1 apXMUTEKTYPHBIX COOPYHKEHUI,
npov3oLLeLInX U3-3a AenNCTBUA
QA39pOAMHAMUYECKUX U CHEFOBbBIX HArpY30K.
YT10o6bl M36eKaTb aBapUiHbIX CUTYaLWN,
APXMTEKTYPHbIE NMPOEKTbI CefyeT NOAKPENIATb
3KCMEePUMEHTASIbHBIMU NCCIeA0BaHVAMM

B CreLmanm3npoBaHHbIX

a3poAyHaMUYECKMX Tpybax.

B asponunHammyeckmx Tpybax KpblnoBcKoro
Hay4HOro LieHTpa 3a nocnegHee 10 net 6bi10
nccnenoBaHo 6osiee 60 MaKETOB HUIbIX LOMOB
¥ aAMUHUCTPATMBHbBIX 30QHNUIN BLICOTOW

0o 200 meTposB.

4 Busyanuzayus o6meKaHusi Makema
BbICOMHO20 30aHUA NpU NoMoWU ObIMd.
B daHHom aKcnepumeHme oKpyrarowas
3acmpolika socnpou3sedeHa YacmuyHoO

Smoke visualization of wind patterns
around the high-rise building.
Context area is reproduced partially

HIGH-RISE BUILDINGS

There is a long record of accidents when
buildings and structures collapsed under
aerodynamic or snow induced loads. For
avoiding such calamities the architectural
designs have to be verified by experimental
studies in special-purpose wind tunnels.

More than 60 models of tall residential and
administrative buildings rising up to 200 m
have been tested in the wind tunnels of the
Krylov State Research Centre over

the last 10 years.

4 Makem 30aHus sbicomoli 200 m 8 paboyeli
yacmu JlaHowagmHoli aspoduHamuyecKoli
mpybbl. OKpy<arowas 3acmpolika
socnpou3ssedeHa 8 paduyce
2000 mempos om 30aHus

Model of a 20-meter-tall building in the test
section of Landscape Wind Tunnel. Context
area is reproduced within 2000 meters
around the building

Mpy 61M3KOM pacnoNiorKEHUN OLHOTUMHBIX
34aHUI 0IHO M3 HUX byAeT HaxoAWTbCA B
a3poavHamMMYecKoM cnege apyroro. B atom
c/ly4ae MOryT BO3HUKHYTb Heb/laronpusaTHble
PE30HAHCHbIe ABJIEHUSA, KOTOPbIE CMOCOOHbI
MPUBECTMU K pa3pyLUEeHNI0 KOHCTPYKLMM.

In case of close proximity of same type
buildings one of the building is located in the
aerodynamic wake of the other with a risk of
undesirable resonance phenomena.

Makem »unozo Komnsexca sbicomoli p
153 mempa 8 paboyeli yacmu
aspoduHamuyeckoti mpybbl

Model of a 153-meter-high residential
complex in wind-tunnel test section

AspogvHammyeckune nccnenoBaHma
oA obecrievyeHnss 6e30MmacHoOCTH
BbICOTHbIX 3daHUN

Aerodynamic studies
to verify the safety
of high-rise buildings

+ Moapo6Hoe MoaeMMpoBaHe MpU3emMHOro « Detailed modeling of ground layer and
/1081 aTMOCEPDI 1 OKPYHKAIOLLEN 3aCTPOIKM. surrounding neighborhood.

+ Onpepienerie CyMMapHbIX 1 MAKOBBIX « Evaluation of total and peak aerodynamic
a3POAMHAMUYECKIX HArpy30K. loads.

+ Onpenenerue napameTpos BETPOBOA - Appraisal of wind comfort in walk areas.

KOMGbOPTHOCTM B MNeLLexodHbIX 30Hax. . .
bop « Studies to check the risks of resonant

+ WccnenosaHne BO3MOMHOCTM BO3HUKHOBEHMS vibrations dueto windlefects.

pEe30HaHCHbIX KofiebaHwii 13-3a BO34enCTBUA
BeTpa.

- ldentification of favourable locations for

fitment of air intakes and exhausts.
+ BbifgBneHve 6naronpuATHbIX 30H A4

pa3MelLLeHnA BO34yX03ab0pHbIX U BbIX/IOMHbIX
YCTPOWCTB. - ldentification of roof areas prone to snow

accumulation

« Investigation of wind patterns around helipads

PN

Busyanusayus suxpesbix
CMpyKmMyp BOKpYy2 Makema

« WlccnepoBaHve napamMeTpoB NOTOKa B panoHe
(8ud cbory u ceepxy)

pacnosio<eHA BEPTONETHON MIOLLAAKN.
Visualization of vortex

structures around the model
(side and top views)

+ MopgenvpoBaHue 30H CKOMIeHUA cHera
Ha KpbILLE COOPYKeHNs.



B pe3synbTaTe
npoBeAeHHbIX
uccnenoBaHUm
Kpb10BCKUM LLIeHTpOM
BbIAalOTCA peKoMeHAaLuumn
Mo ONTUMa/IbHOMY
PacrnonoKeHuio
npu4asnoB Ans Kopabnei,
npoBeAeHUI0 NOrpy304HO-
pPa3rpy304HbIX onepauui
CbiMy4UX BeLLecTs,
yBenuuBalwoLme
3KOHOMMUYECKYIO0

M 3KOJIOrU4ECKYI0

3¢ PeKTUBHOCTb NPOEKTa

As a result of the research

in Krylov State Research
Centre recommendations
are given regarding the best
arrangement of ship berths
and aircraft landing strips or
optimum handling of loose
cargo with significant gains
in economic efficiency and
environmental friendliness

JIAHAWA®THDBIE OB bEKTDI

OThenbHbIM HanpasieHnem
A3poANHaAMMNYECKMX MCCIe0BaHNI ABNAETCA
PELUEHNE TEXHUYECKUX U IKOMOTNHECKMX
npobnemM naHawadTHbIX 06 BEKTOB:

+ Bbibop Hanbonee paLyoHanbHOro MecTa
pacrosioReHna NpuyasioB 1 BolpaboTKa
peKoMeHaaLMi Mo NPOBEAEHNI0 MOrpy304HO-
pa3rpy304HbIX OMepaLymii Cbinyymx BELLECTB B
AKBaTOPMAX MOPCKMX NMOPTOB

- OnpegeneHrie BETPOBOrO PEHMMA, a TaKHKe
yCTaHoB/eHWe HebNaronpysATHbIX HanpaBAeHUi
BETpa Ha TeppUTOPUAX a3POMNopToB,
pacrosioXeHHbIX B XOSIMUACTON 1 FOPUCTOMN
MeCTHOCTSX

0 Pa3pa60THa MeToO0B CHUHEHUA 06bemMoB
YHOCa CbIny4nXx BewecTB Ha NPOTAXHEHHbIX
OTKPbITbIX CKAafax

+ WccnenoBaHve CTPYKTYpbl MOTOKA Haf,
B3/1eTHO-NMOCaA04HBIMU MOI0CaMM a3pOropTOB

LANDSCAPING

Aerodynamic studies for finding the best
engineering and ecological landscape
solutions present another important field of
aerodynamic research:

+ Sea harbours: choice of the best locations for
ship berthing and recommendations regarding
loose cargo handling

« Airports: determination of wave patterns in
the airport area, identification of unfavourable
wind directions taking into account
neighbouring hills or mountains

« Airports: investigation of wind patterns over
landing/take-off strips

+ Long & open stockyards: working out methods
for reducing blow-away of loose cargo

4 Modenb naHowagpma
8 aspoduHamuyeckoli mpybe

Landscape model in wind tunnel

MccneoBaHve BETPOBbLIX PEXKVMOB B
aKBaTopum rybel OpioBKM.

Llenb — onpeneneHne Havbonee oNTUMabHOrO
PaCrnosiorKeHNA NPUYaIOB AJ1A ra30BO30B,

YTO MPUBEAET K COKPALLEHMIO MPOCTOEB MpU
MOrpy304HbIX paboTax Bo BpemaA CUJTbHbIX
BETPOB.

Busyanuzauus 8030ytHbIx
NOMOKOB 8 aksamopuu npu
I0}{HOM HaNpassieHuu sempa

Visualization of harbor wind
patterns in case of southern
wind directions

Axsamopusi 2ybbl OpiosKu ),

The water area of the port
of Orlovka

I
N4

(&

Investigation of wind patterns in the Orlovka
Bay for choosing optimum location of LNG
berths. One of the main criteria is reduction
of downtime in cargo handling operations at
strong winds.

CeBepHbli BapuaHT
Northen option.

Hauasno akcnepumeHma
Start of the experiment

Figim = 4= R

Pe3ynbmam susyanausayuu

Result of visualization
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