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Abstract | {HE

Since 2014, a MAURER controlled TMD has mitigated the first bending mode of the Danube City
Tower in Vienna, Austria. It consists of a pendulum mass of 300 tons and a semi-active damper
that adjusts in real-time frequency and damping to the actual frequency of vibration according
to the principle of the undamped dynamic vibration absorber, whereby the MAURER controlled
TMD outperforms the passive TMD by up to 68%. The significantly greater efficiency of the
MAURER controlled TMD also allows reducing its tuned mass to 80% or less of the nominal value
of passive TMDs. The MAURER controlled TMD with reduced mass outperforms the passive TMD
with nominal mass by up to 64% and reduces the space demand for the device. It is therefore
concluded that the MAURER controlled TMD is an effective tool for the vibration mitigation of
supertall buildings where the modal masses can become very big.

Keywords: Adaptability, Automation, Damping, Human Comfort, Tuned Mass Damper,

and Vibrations

20144, KEBMAUREREIEENEINAR BIE/EES FIZE T BRI N Z I A B
FIE— T ERE. ZMAURERBZA ST EE/EasH— T S00IER) B TR E X
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ENIFEE, FIEMAURER BfE ST E[H/EZS B T WAL SRR EHEZS S 18
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Introduction

Tall buildings may be susceptible to large
wind-induced amplitude oscillations due to
their low inherent damping characteristics
and slenderness. The excited modes typically
vibrate at frequencies in the vicinity of 0.2 Hz
and below because of the extremely large
modal masses of these buildings and their
slenderness. The resulting building vibrations
diminish the comfort in the building or may
even lead to seasickness of the building
occupants whereby the proper use of the
building is no longer guaranteed. A similar
problem may occur during the free oscillations
of tall buildings in their fundamental bending
mode after earthquake excitation. Due to

the large vibration amplitudes of such modal
oscillations, low cycle fatigue of building
components may become relevant.

The common measure against unacceptably
large structural vibrations is the installation

of tuned mass dampers (TMD), tuned liquid
column dampers, and tuned sloshing dampers
at or close to the location of maximum kinetic

SAERFAYRIRAES EEFEAAK
., ZEZNASIEMNAERZ. EAR
ERFAYMRENS TR, BRIREIE
PRER0.2HZMHE R AN R A #AYRE. 74
HIRSAYIREIIER T 2R ENETFEE,
EEASHEEELR, fit, BRI
BEMABENBHEURIE. FELRIE T
REEHEESAERITE I IERSHIER
STHERRHIERE. BT XAES
TARIRIER, P SERRFIHEMERIH
RIEES

B3 LEAR ST R R AR EEAR B — RS
fER MR EEE (TMD) . JE8K
HFEBRR s EKIA SR (tuned sloshing
dampers) . XLEPRERRLEET R AL
R FImARL, AR ATNENME
(Den Hartog 1934, Soong & Dargush
1997) o XEWEHIMEBRRRNRITSEL
EENRVEMREFRELL, 2 7EEIX
LS, MURIPR/NREIUINERE A 2
i, RFEXREIHE.

CTBUH 2016 Shenzhen - Guangzhou - Hong Kong Conference | 20164 CTBUHRYI - [ - ZBEMFSIN 1145



energy (i.e, near the top) (Den Hartog 1934,
Soong & Dargush 1997). The design parameter
of these passive dampers is their tuned mass
and mass ratio, respectively, which is to be
selected to guarantee that the reduced
vibrations in terms of acceleration are below
the maximum tolerable values.

ATMD with 1% of mass ratio will reduce the
response of a building with 1% of critical
damping from 50 (normalized value) to
approximately 14 (normalized value), which is
often sufficient to meet the requirements in
terms of acceptable structural accelerations.
However, in the case of tall and supertall
buildings, the damper mass of 1% of the typical
modal mass of the first bending mode may

be too heavy and too big regarding the space
needed. Therefore, the TMD mass is often
selected considerably below 1% for very tall
buildings. The drawback is that TMDs with such
small tuned masses around 0.6% to 0.8% may
not be able to reduce the maximum building
accelerations due to the worst case excitation
(e.g., wind loading with specified return
period), below the maximum tolerable value
(e.g., according to ISO 10137:2007 Standard for
1-year return period).

Thus, there is a need for more efficient mass
damper concepts that are able to sufficiently
mitigate supertall buildings with relatively
small tuned masses. One concept is the
MAURER controlled TMD that was installed in
the Danube City Tower in Vienna, Austria, in
2014 (Bollinger et al 2015). This article shows
that with only 80% or less of the tuned mass
of passive TMDs, the MAURER controlled TMD
leads to a significantly enhanced vibration
reduction and requires less space compared to
the passive TMD with nominal mass, whereby
the MAURER controlled TMD — with up to 1000
tonnes of tuned mass — represents an efficient
tool for the damping of supertall buildings.

Concept of the MAURER Controlled TMD

The MAURER controlled TMD consists of

a passive mass spring packet with a real-
time controlled semi-active damper for the
mitigation of vertical or horizontal bridge
vibrations, or a passive pendulum mass with
a real-time controlled semi-active damper
for the vibration mitigation of the targeted
bending mode of tall buildings. The force of
the semi-active damper is controlled in real-
time to adjust both frequency and damping
of the MAURER controlled TMD to the actual
frequency of vibration. The semi-active
damper can either be designed as
magnetorheological dampers or as oil
dampers with controlled bypass.

BE1%RELLNTVDIEES 1% IRFER
RIEBRYIHINERZ G0 (FSEE) R NEIK
414 (ALEBE)  XERRLUBREMR
FIEREFENER, B2, IRESE
B ENY), FHEssHHRIMNE S
ff;,uw,%_ﬁgmﬁitm%‘J ERLEEN

ZFRmMsdAMAYE. FAit, ¥FRS
MY, TMDHIFIELL B EEEEE %
MR, BmEHTHRREAER, il

FEIHARINE, £90.6%F)0.8% X/ \Y
TSR E LA TMD BRI BEANBE B N KR TR
MNNERERTSEASTE. flad, #ZHRISO
10137:2007 1E—BFpt.,

Ak, ﬁub%ﬁﬂﬁﬁﬁ%zﬁ@ﬁ%ﬂﬁ)ﬁ%%
mu PEEREFFRLL BV AR E 7T

m&imi AIRRE. — MR

MAURERBZEITMD, 2014¢§gﬁ,<
FILED AN LG RE (Bollinger et
al 2015) . XEIEORAATMAURERE
ZRITMD R B HEhE TMDIES B ER80%
&/, SfRERHESIR TMDELL,

EERNTIRDBNEEE D=(E, Fit
MAURERQ} B TMDIESM B E 5141000
g, $FR7T B TESENYEIRNE
MTE,

MAURER B 2B TMDRIEER

MAURERE A TMDAR— MY R RS2
BN RTF R EE 2K O 2R
MR HIF EofREss. sEH—
WiRERENLATS '&fﬁ%@ﬁa
EIE@UEGHEEJME SRR HIRI ESIE

ER¢ARY. FFIPEEESHYSISRATIE S,
}zﬂ”}}&aﬁﬁﬁ}ﬁwﬁ SREFTIMAURERBE
ATMDHSAEFEE. HEnhfEEas A4
T NGRS PR B e sl o a 1255 B S
FBE2S.

MAURER B 7 TMDRIEAISH| A2 H
T LPfRENEE (Frahm 1911) {5ETMA
TR T ARHE. Bk, EizHl
BHRIZEWER:

MAURER B2 TMDRIZRERZR
METIPriRonE, #8

MAURERBIZEITMDHISZIZIE BE
FERARFEES/IMUELIREMH T
SR 8 RAVAE I B EIIRE AN B A
BRTHSNE, Hla0, BEHF4D
MEEGIMAE, MAURERBIR

RITMDAIFZ N+/—600mm (Weber

2014 (a, b))

AR R AE IR WIS EERR
R, B—SMERBERFIUEL: WRA
[EF3 AT BUR N B RS ERAN =
AVFRIKIEENIEE), MEmRELEME
A= RS ZIRXM N BAR, F
FEERH LI ERIESR IR

ERENPIHENIE DA T ENEEEE
HPTRIEENHIASG. NRAEKRWEE
=H17. EDﬁﬁ%YE’]HJFﬁ%MﬂFﬁ =
HR+ERESRITANENERNS, Ni2
Fr B R PTESKRINIE AN SR SRR HI
To. BERZ, SKPREENRTAHTEKRAE
i=vaR

BRI A S B AR T K SRR

BRI AN Z ST RE (DC
Tower) MIBUENT (B1) WA, BT
40000 AR A FTEFEFRFTINZR0.18HZMY
B NSRS KR EEEE)
—MENFREEEESRE. K AP LARME
FIARIIE N AREN L EZR, MAURER
B8 TMDR H B S0P B 6=
. SRR EES 2B R
ENNAE T 7 L MLOUE, Nt RUEE=
F017HZZ01HATENA (B2) » Ak,
WRLSFFHE e ShEREERFER
DC TowerfE#iZ=0.17HzA10.19Hz 2 [8)
12 (Weber 2015) , AT oifEEas
1THERERR 0. ESET R HRIIREIRAY IR
TR 2N TDC Tower FAUMAURER B
RS TMDHISNZE AR BN SEFRRBISMZE
TH‘ﬁEﬂJﬁ EE—U]TEEJZ B/tbl:l&J\%
SRS, SRR EEEas MmN
SERHRH BRI T 201 4FE B LR TDC
Tower £ (B3, 4) .

SESTIHTH A EMAURER Bis8ITMD
RIRHRIERE

MEFIRBANREFAER (E5) BEMER
3, E—AXNNRFIRESERFT+HE

S EERRLIBKNAYEASR ], BERI&EKR
FEEIKRLIZ45KN, BURABER IRERE
HEBIM=, XPORERNT, BAER
e E H R R BEE NS
BMALALR), XART FEENEENH
—MIRLIR,

HTEHEMAURER EiAITMDXDC
TowerREREE SR, FHADC Tower
B— N oSERAI & TR N SRS 7
REIRERN MAURER BEIZAITMDESLT
BRIk, AFMAURER Biz8ITMDIEL
M EENREEH AR AREHIA/N T
FRE M N8I 0.6 KRR B SR A E1FIE
WIRIE, ATLURIRIEBEER TR 1 A7k
¥, WEEEXARFEADC Towerikol
Bk, FiE, BIREITUUNER

1. 100%&58 (#%5) Bk, 106—
MNE T2z AN E: REHRRY
AR IR IR A TNEANERY 1 00%EL
Bllo FEUCEHRAFES, SRS RAY
AR EHEEET BEREAET
B06XK, R, SSHEFIRHEER
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The basic control approach of the MAURER
controlled TMD is to emulate the behavior of
the undamped dynamic vibration absorber for
the actual frequency of vibration (Frahm, 1911).
Hence, the control goals are two-fold:

+ The controlled frequency of the
MAURER controlled TMD must be
equal to the actual frequency of
vibration, and

« The controlled damping of the
MAURER controlled TMD is to be
minimized with the constraint that the
relative motion amplitude of the tuned
mass must not exceed its tolerable
maximum value, (e.g., +/-600 mm in
the case of the MAURER controlled
TMD of the Danube City Tower in
Vienna, Austria) (Weber 2014(a, b)).

Notice that this control approach maximizes
the vibration reduction efficiency, which is seen
from the fact that it leads to zero response in
the primary structure if the damping could be
reduced to zero without getting unacceptably
large relative motion amplitudes of the tuned
mass. According to the two control targets,
the semi-active damper force has to emulate
the combination of a desired stiffness force to
generate the real-time frequency adaptation,
and a desired damping force for the damping
adaptation. If the sum of the desired stiffness
force and the desired damping force is an
active desired force, the active desired force

is so-called “clipped”to zero since semi-active
dampers can only exert purely dissipative
forces. In the case that clipping occurs, the
control algorithm is programmed to prioritize
the real-time frequency control while the
resulting actual damping will be greater than
its desired counterpart, since stiffness and
damping forces of semi-active dampers are
coupled quantities.

Controlled Mitigation of Danube City Tower
in Vienna, Austria

The numerical analysis of the Danube City
Tower (DC Tower) in Vienna, Austria (Figure 1),
showed that the horizontal vibrations due to
the first bending mode with a modal mass of
40,000 tons at a nominal eigenfrequency of
0.18 Hz requires mitigation by a pendulum
mass damper. The MAURER controlled

TMD was selected due to its frequency and
damping controls in order to compensate for
uncertainties and variations of the nominal
eigenfrequency. The real-time frequency and
damping controls were experimentally verified
by hybrid testing within the guaranteed
frequency range from 0.17 Hz to 0.19 Hz

Figure 1. The first bending mode of the Danube City Tower in Vienna, Austria, with nominal eigenfrequency at 0.18

Hz is mitigated by one MAURER controlled TMD with a pendulum mass of 300 tons and two real-time controlled semi-
active dampers generating precise real-time frequency and damping tunings within the frequency range from 0.17 Hz
t0 0.19 Hz (Source: MAURER AG )

BT BRHRIAE N S G KRB E — N B RS0 1 8HZ M — MMAURER BI#REYTMD JFE T
#Ra, IZTMDHA— 1 300MERREZAT DL =HIF EofEEEs, B RZENE Bt EREsn==0.17Hz
F0.19HZBEERN (R MAURER AG)

Figure 2. Testing of frequency and damping controls of the MAURER controlled TMD of the Danube City Tower by
hybrid testing of the semi-active damper within the entire guaranteed frequency control range from 0.17 Hz to 0.19 Hz
(Source: MAURER AG)

2. BEMFLEHPNZEGITINHRENMAURER BB TMDAAEFIEEEH IR, X4 ERIPEEEIMO0.17Hz
F)0.19Hz BN BRIEIIEEECEARAREME (KR MAURER AG)

RBEE KBV i SAE N 1T ahiE
Bt K. #%BBDen Hartog (1934)

(Figure 2). For this, the force tracking with
the semi-active dampers was tested as if

the semi-active dampers were connected
to the pendulum mass and the DC Tower
was swaying at frequencies between 0.17
Hz and 0.19 Hz (Weber 2015). The precise
force tracking results, of which a selection is
shown in Figure 3, confirm that frequency

and damping of the MAURER controlled TMD

in the DC Tower are optimally tuned to the

actual frequency of vibration. After successful

completion of all hybrid and quality control

BAXIEREBIEE S #H A TMDEE
RUPEfE, ALkPI&], MAURER BE
A TMDHIRI# EhEL TMDHYRIRIEE
TEESRBIRAIFRARINER0. 1 8HZ ML,
JLFAERE (BE6) .

85%Bx5RAR . TRAL AR LR
B ARTNEAXERIS5% LB, VESIEE
WS AR EEENTES
EARHE. Bt ZEEEBIE
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Figure 3.The two real-time controlled semi-active dampers of the MAURER controlled TMD of the
Danube City Tower connected to the pendulum mass and the floor (Source: MAURER AG )
B3 ZEGIIHMmAERMAURER B=8TMDR- N SERHRHI+ T 5ifE B st e s 120 mE E4

(38 MAURER AG)

tests, the real-time controlled semi-active

dampers with two real-time control units were

installed in the DC Tower in summer 2014
(Figures 3 and 4).

Vibration Reduction Performance of
MAURER controlled TMD of Danube
City Tower

From the experimentally obtained force
tracking results (Figure 5), it can be

observed that the only relevant force-tracking
error results from the residual force of the semi-

active damper of approximately 3 kN, which
is small considering the maximum damper
force of approximately 45 kN and cannot be
compensated by the force tracking control
scheme, since it is given by the sealing of the
damper and the magnetorheological fluid
friction at zero current, whereby it represents
a physical constraint of the semi-active
damper force.

Figure 4. Real-time control units of the MAURER controlled TMD of the
Danube City Tower (Source: MAURER AG )

LS AENMAURER BRI TMDRISERESIS2 T (R
JR: MAURER AG)

BNEEEGDERNT, BERS
TMAURER BETMDRYBIRILAE
(7) o

50%EsREiR . REL P HYEIR DR
BEATREANERIS0%E A, FiE
SRS £ S AEN BB E T
WhTFBEESEARITE, MAURER
BizATMDI =R BT BiE
RAZH AR E R B/IMERR
SN EL TMDBEBRY20%, 1L
{RIEMAURER BEEITMD I /B2
E (E8) .

Figure 5. Precise real-time force tracking results within the guaranteed frequency control range from 0.17 Hz to 0.19 Hz confirm the superior mitigation efficiency of the MAURER
controlled TMD that is computed by a dynamic model of the Danube City Tower with MAURER controlled TMD (Source: MAURER AG )
El5. $SHI0SR AR ERBE £ U H AERIMAURER BB TVMDRIEIARELH TITE, M0.17HZE0.19Hz B RIESIZEI=ESEENTE TMAURER BEEITMD

MEREIRSEE CRB: MAURER AG)
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In order to quantify the improved vibration
reduction of the DC Tower with the MAURER
controlled TMD, a dynamic model of the

DC Tower with MAURER controlled TMD -
including the control force tracking errors due
to the residual force — is computed. Due to the
nonlinear adaptive damping control approach
of the MAURER controlled TMD that minimizes
the damping without violating the maximum
tolerable relative damper amplitude of 0.6

m, the vibration reduction performance of
the MAURER controlled TMD depends on the
level of the excitation force, (i.e, the level of
the wind forces that excite the DC Tower). The
simulations are therefore performed for:

1.100% of worst case excitation that
may be the 10-year return period
wind loading and in a more general
sense the wind load defined by the
wind engineer: The excitation forces
in the model are scaled to 100% of the
maximum expected wind load. At this
level of excitation the maximum relative
motion amplitude of the tuned mass is
equal to its maximum tolerable value of
0.6 m whereby the real-time controller
commands maximum damping in
order to avoid too large relative motion
amplitudes of the tuned mass. The
maximum controlled damping is
selected to be equal to the damping
of the passive TMDs according to Den
Hartog (1934), whereby the vibration
reduction magnitudes of the MAURER
controlled TMD and the passive TMD at
worst case excitation and in the vicinity
of the nominal eigenfrequency of 0.18
Hz are almost equal (Figure 6).

2.85% of worst case excitation: The
excitation forces in the model are scaled
to 85% of the maximum expected wind
load. The resulting maximum relative
motion amplitude of the tuned mass
is smaller than its maximum tolerable
value. Hence, the controlled damping
is reduced by the adaptive damping
control approach, which significantly
improves the vibration reduction
performance of the MAURER controlled
TMD (Figure 7).

3.50% of worst case excitation: The
excitation forces in the model are scaled
to 50% of the maximum expected wind
load. Since the resulting maximum
relative motion amplitude of the tuned
mass is far smaller than its maximum
tolerable value, the controlled damping
of the MAURER controlled TMD is
minimized by the adaptive control
approach. The minimization is limited

Figure 6. The vibrations of the Danube City Tower with 100% of worst case wind excitation computed with the
MAURER controlled TMD set for 100% of tuned mass and 3 kN residual force in the semi-active damper; compared to
the results of the passive TMD with 100% of tuned mass (Source: MAURER AG )

6. 5100%5x58 X /1R % KSR A BRIREIA S 100%EMEE, +E5fEBRNEKNER I
MAURER BEETMDEHTITE, URSHH100%EMRENEE TMDERNNEE (SRR MAURER AG)

Figure 7. The vibrations of the Danube City Tower with 85% of worst case wind excitation are computed with the
MAURER controlled TMD set to 100% of tuned mass and 3 kN residual force in the semi-active damper; compared to
the results of the passive TMD with 100% of tuned mass (Source: MAURER AG )

7. 285%&EN /TR H REAWRNAH A 100%EMME, +EIPEEBERNASKNERIAN
MAURER BEITMDETIHE, MR S5HE100%EMREREE TMDEERINEL (KR MAURER AG)

to 20% of the damping of the passive
TMD to ensure stable operation of the
MAURER controlled TMD (Figure 8).

The acceleration responses of the DC Tower
with MAURER controlled TMD — depending

on the excitation frequency and the different
levels of wind loading — are plotted in Figures
6 to 8; the acceleration responses of the DC
Tower with passive TMD are also computed as
a benchmark. Notice that all simulations with
the MAURER controlled TMD are performed
assuming 3 kN residual force in the semi-active
damper, while the TMD is assumed as a fully
linear device without any constraints. The
simulation results of all excitation force levels
demonstrate the superior mitigation efficiency

HEBEMAURER BEEITMDAIDC Tower
ENpIESEALIVEN S B bR N k== DN
[B7KF, NEENEN L EEZEE8HAR,
B HNELTMDIIDC TowertB#1EAS
BitE. 28, PIEAMAURER BizA
TMDH THUIRINEMRE+ERE2R A
SKNBIERRA, M TMDERI& AT TR
NEHMEERE. AR PRI
RENMCUE TMAURER BIZEITMDILRAY
BIREE. E7AESIEIE T MAURER B
TRITVMDAERS T EREARIKF
B RURIREER, EANEB NS EIEIER
N, SRVHERIEES), BUREREE
XRUR S IAMETE B o
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of the MAURER controlled TMD. Figures 7 and
8 demonstrate that the MAURER controlled
TMD especially improves the vibration
mitigation at lower excitation force levels
because smaller wind loads lead to reduced
pendulum amplitudes that allow minimizing
the controlled damping whereby the spring
force of the MAURER controlled TMD can
compensate more efficiently for the
excitation forces.

Experimentally Validated Improved
Efficiency of MAURER Controlled TMD

The vibration reduction performance of the
MAURER controlled TMD compared to the
passive TMD is experimentally validated on

a 19.2 m long laboratory bridge (Weber &
Distl 2013). The tuned mass of 26.325 kg of
the mock-up MAURER controlled TMD and
the passive TMD, respectively, corresponds to
1.57% of the modal mass of the first vertical
bending mode with nominal eigenfrequency
at 3.15 Hz. The bridge anti-node displacement
responses are normalized by the static
deflection due to the measured force of

the electrodynamic shaker. The resulting
normalized bridge responses are depicted in
Figure 9 for the MAURER controlled TMD and
the passive TMD, whose normalized response
does not depend on the level of excitation
due to its linear behavior. The comparison of
the experimental results of Figure 9 with the
numerical results depicted in Figures 6 to 8
shows a good agreement. The only major
difference is that the maximum experimentally
obtained improvement of -59% at f1 is smaller
than the maximum numerically obtained
improvement of -68% at f1. This difference is
explained by the fact that the residual force of
approximately 4 N of the mock-up MAURER
controlled TMD constrains the minimization of
the controlled damping more than the residual
force of 3 kN of the semi-active damper of the
MAURER controlled TMD of the DC Tower.

The concept of the MAURER controlled TMD
was first installed in the Volgograd Bridge,
Russia, in fall 2011. This bridge with a length

of 7.1 km and bridge fields of up to 155 mis
one of the longest road bridges in Europe. The
Volgograd Bridge underwent severe wind-
induced bending vibrations with amplitudes
of up to 40 cm in May 2010 which necessitated
closing the bridge. Amateur videos of this
extraordinary vibration event can be seen on
YouTube. Numerical analyses and wind channel
tests revealed that the first three bending
modes with nominal eigenfrequencies at 0.45
Hz,0.57 Hz and 0.68 Hz are to be mitigated.

In order not to overload the fairly slender

Figure 8. The vibrations of the Danube City Tower with 50% of worst case wind excitation are computed with the
MAURER controlled TMD set to 100% of tuned mass and 3 kN residual force in the semi-active damper; compared to
the results of the passive TMD with 100% of tuned mass (Source: MAURER AG )

B8 50%55%N /TR S I ABAWREIA®H 100%ERE, FFoIPEERMAEKNERIHN
MAURER BEETMDETITE. MURS5HHE100%EMmEEsE TMDE RN (R MAURER AG)

Figure 9. The vibration mitigation efficiency of the MAURER controlled TMD is experimentally verified on a 19.2m long
laboratory bridge with a mock-up MAURER controlled TMD and compared to the experimental results of the passive
TMD, whose efficiency does not depend on the level of excitation due to its linear behavior (Source: MAURER AG)
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bridge deck, the additional mass due to the
mass dampers had to be minimized. MAURER
solved this task by the innovative solution to
split all MAURER controlled TMDs into three
groups. The passive natural frequency of

the mass spring packets of each group was
optimally tuned to the nominal frequencies

of the three targeted bending modes. In
contrast to the passive tunings the controlled
parameters of all MAURER controlled TMDs, (i.e.,
their controlled frequency and damping), are
adjusted in real-time to the actual frequency

of vibration. As a result, all MAURER controlled
TMDs are optimally tuned to the actual mode
of vibration whereby the same vibration
reduction of the first three bending modes is
obtained as if passive TMDs with approximately
two to three times more mass were installed.

A similar system is in installed in the Axaiski
Bridge, Russia, in operation since 2014.

Improved Efficiency and Reduced Space
Demand of MAURER Controlled TMD With
80% of Tuned Mass

The concept of the MAURER controlled TMD
allows reducing its tuned mass compared

to the passive TMD with nominal mass

almost without losing its superior mitigation
efficiency. The MAURER controlled TMD in the
DC Tower is therefore computed with 80%

of the tuned mass (240 tons) and with 3 kN
residual force in the semi-active damper, and
compared to the performance of the passive
TMD with the nominal tuned mass (300

tons). The results of this study are plotted in
Figures 10 to 12 for the different wind loadings
considered. It is observed that the MAURER
controlled TMD with 80% of tuned mass (240
tons) and 3 kN residual force in the controllable
damper also outperforms the passive TMD
with 100% of tuned mass (300 tons) for

all excitation force scenarios. The reduced
pendulum mass evokes an increased relative
motion amplitude of +0.13 m during worst-
case excitation of the DC Tower. However, the
increased relative motion amplitude does not
lead to an increased space demand of the
MAURER controlled TMD as the subsequent
calculation demonstrates. Assuming a height
of 3 m and steel for the pendulum mass yields
a 3.56 m reading for length and width for the
300 tons pendulum mass, while the same
assumptions yield 3.18 m for length and width
of the reduced mass. Thus, the amplification of
the relative motion amplitude of the reduced
pendulum mass of 2 x 0.13 m = 0.26 m is more
than compensated by the length reduction of
-0.38 m.The MAURER controlled TMD with 80%
of tuned mass is therefore a highly desirable
damping tool for supertall buildings with very

Figure 10. The vibrations of the Danube City Tower with 100% of worst case wind excitation are computed with the
MAURER controlled TMD with 80% of tuned mass and 3 kN residual force in the semi-active damper, and compared to
the results of the passive TMD with 100% of tuned mass (Source: MAURER AG )

E10. Z100%&58 M/ BIRA S ESI R T KBRS HE80% EMME, FEFNEBIRNEINERIHN
MAURER BEETMDEHITIHE, URS5HE100%EMRENHEHETMDERNNEE (KR MAURERAG)

Figure 11. The vibrations of the Danube City Tower with 85% of worst case wind excitation are computed with the
MAURER controlled TMD with 80% of tuned mass and 3 kN residual force in the semi-active damper, and compared to
the results of the passive TMD with 100% of tuned mass (Source: MAURER AG )
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Figure 12.The vibrations of the Danube City Tower with 50% of worst case wind excitation are computed with the
MAURER controlled TMD with 80% of tuned mass and 3 kN residual force in the semi-active damper, and compared to
the results of the passive TMD with 100% of tuned mass (Source: MAURER AG )
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big modal masses because it combines the
following two benefits:

« superior vibration reduction
compared to the passive TMD with
100% of tuned mass, and

+ smaller space demand and reduced
costs due to the reduced tuned mass
compared to the passive TMD with
100% of tuned mass.

Summary and Conclusion

Based on the principle of the undamped
dynamic vibration absorber the control law

of the MAURER controlled TMD is formulated
for the actual frequency of vibration. Thus,

the controlled frequency of the MAURER
controlled TMD is equal to the actual frequency
of vibration at all instants, and an adaptive
nonlinear control approach minimizes the
controlled damping of the MAURER controlled
TMD without violating the maximum tolerable
relative motion amplitude of the pendulum
mass. This concept with only 80% of damper
mass combines the benefits of reduced

static load and reduced space demand of the
pendulum mass while the vibration mitigation
in the primary structure is enhanced by up to
64% compared to the conventional passive
TMD with 100% of damper mass. Thus, the
MAURER controlled TMD is especially preferable
for supertall buildings where the modal mass is
very big, the acceptable vibration limits are low
to ensure high comfort, and the available space
for the mass damper is limited.
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