
Dynamic assessment 
of the Malaysia Square 
Pedestrian Bridge, 
Battersea Power Station 
transformation
SYNOPSIS
In this article, Artur Soczawa-Stronczyk discusses his work on a project to assess 
the dynamic characteristics of the Malaysia Square Pedestrian Bridge – a structure 
built as part of the transformation of the former Battersea Power Station site in 
London. The project drew on Artur’s MSc and doctoral research into pedestrian-induced 
vibration to establish that additional damping measures were not required for the bridge. 
The case study was highly commended in the IStructE’s 2022 Research into Practice Case 
Study competition.
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the cause. This led to £5M being spent 
on retrofitting the footbridge with a 
combination of viscous and passive tuned 
mass dampers (TMDs)18, to prevent this 
from happening in the future.

;he research efforts sparked by the 
L4-)»s e_cessive e_citation led to the 
formulation of several novel dynamic 
behaviour models that attempt to account, 
during the design stage, for the comple_ 
force interaction�s� between pedestrians 
and structures, known as pedestrian¶
structure interaction �7:I�, as well as the 
adaptation of pedestrians» stepping mode 
in the presence other walkers19¶22, known 
as pedestrian¶pedestrian interaction �77I�. 
;ackling both phenomena necessitates 
bringing together diverse research 
fields, including structural engineering, 
biomechanics, transportation engineering, 
physics, applied mathematics, cognitive 
science, and psychology1.

Research background
;o address remaining gaps in relevant 
knowledge, the author»s 4:c research 
proQect at the <niversity of Leeds, and 
later doctoral research at the <niversity 
of Leicester, focused on measuring and 
reproducing the underlying dynamics 
of 7:I and 77I. ;his was done in a real�

world setting, i.e. outside of a laboratory, 
and without the presence of 7:I (Figure 
1a), to isolate and better understand 
PPI. Through this approach, the 
magnitude and directionality of 77I in a 
walking group were quantified, providing 
empirical data readily applicable to 
simulating realistic crowd motions.

Furthermore, the connection 
between various levels of gait 
synchronisation among pedestrians 
and the dynamic response of a 
structure was studied. ;his was done 
by performing a series of parametric 
numerical simulations on a crowd�
occupied model bridge, as well as 
during real bridge tests with coordinated 
crowds. ;he structural responses were 
then assessed against the estimates 
prescribed in the latest international 
design guidelines for structural response 
under pedestrian occupancy.

-inally, to improve the reliability and 
repeatability of future 77I studies, a 
novel virtual reality �=9� e_perimental 
platform was designed and validated 
(Figure 1b). ;he platform allows 
for the creation and simulation of 
biomechanically representative virtual 
walkers and assesses the interaction of 
real people with them. ;o achieve this, 

Challenge
4odern architectural trends seek to 
produce sleek and slender futuristic 
designs, reQecting the heavy structures of 
the past. 9ecent advances in lightweight 
construction materials have allowed for 
such designs to be realised, leading to 
cutting�edge, signature structures for our 
modern era. /owever, this often comes 
at a price, since the use of lightweight 
materials is usually accompanied by 
reductions in stiffness and damping, 
introducing engineers to previously 
une_plored behaviour regimes1.

*onsequently, many of today»s 
structures often struggle to satisfy 
vibration serviceability criteria for human 
occupancy2¶14. >ell�known e_amples of 
this include the ;oda 7ark )ridge15,16, Pont 
de :olftrino17, Pedro e Inês Bridge�¶1�, 
and, most notably, the London Millennium 
Footbridge (LMFB)2¶5. ;he e_cessive 
vibrations e_perienced by the latter during 
its opening day resulted in its closure for 
almost 18 months in order to establish 
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a fusion of state-of-the-art technology 
was employed, including motion-capture 
systems, artificial intelligence, and 
computer modelling.

Challenge meets research 
background
Battersea Power Station is a Grade II* 
listed landmark that was transformed 
from an industrial relict in the heart of 
London to an exciting retail, leisure 
and cultural destination that opened 
to the public in October 202227. 
Sitting at the heart of an eight-phase 
masterplan, the power station is home 
to over 100 shops, bars, restaurants, 
254 apartments, offices, leisure, and 
event venues.

As part of the site’s regeneration, 
Buro Happold provided multidisciplinary 
engineering services, and the Bridge 
Team, along with WilkinsonEyre 
architects, designed the Malaysia 
Square Pedestrian Bridge (MSPB). The 
bridge (Figure 2) was subsequently 
constructed by Hollandia with Mace 
acting as construction manager.

;he footbridge is ��shaped in plan 
and is located at the south face of 
the power station. It provides a dual 
entrance to the building while bridging 
over the main entrance at the level 
below. It consists of a trapezoidal box 
girder made of welded steel plates, 
supported on spherical bearings at all 
support locations.

According to the numerical model of 
the bridge prepared by Buro Happold, 
the natural frequency of the first 
vertical vibration mode falls within the 
critical frequency range for pedestrian 
e_citation, as specified by Eurocode 
1. As a result, the design of the bridge 
called for dual TMDs to control, 
through supplementary damping, 
excessive response owing to collective 
pedestrian-induced excitation. 

To confirm the numerical findings, 
resulting from known limitations of 
the codified method of dynamic 

analysis of this as-per-design 
prospect, Buro Happold, on behalf of 
Battersea Power Station Development 
Company, formulated a practical 
research project encompassing 
structural monitoring and inverse 
analysis. The aim of the project 
was to uncover the real as-built 
dynamic state of the partly completed 
and unconventionally-shaped 
MSPB structure. A team of expert 
researchers from the Universities of 
Leeds, Leicester and >rocéaw, 7oland 
was formed to boost the effort with 
state-of-the-art skills and tools in 
experimental dynamics.

Tracking the dynamic 
characteristics, particularly modal 
damping in novel structural designs, 
is beyond a standard process, and 
typical artefacts can easily lead to 
LMFB-type failures which translate to 
bridge downtime, resulting in major 
economic and PR ramifications. 

As part of the main experimental 
campaign, the APS 400 shaker 
(Figure 3a) was roved along the 
main span to provide controlled 
vertical energy input. The shaker was 
accompanied by six ultra-low-noise 
Kinemetrics EpiSensor ES-U2 force 
balance uniaxial accelerometers, 

which measured the distributed 
structural acceleration response.

The campaign consisted of a mix of 
shaker and ‘natural’ human-induced 
excitations. The former included 
sine chirp and white noise signals, 
whereas the latter included heel drop 
tests, jumping tests, and a routine of 
coordinated pedestrian loading tests. 
During the latter routine, a mixed group 
of eight pedestrians walked back and 
forth across the main span, in a front-
to-back arrangement (one after another) 
with a pacemaker (Figure 3d).

The pacemaker, who was always 
the first in the walking group, was 
instructed to walk to the beat of a 
metronome set at frequencies spanning 
from 1.0Hz to 2.5Hz (i.e. where walking 
conventionally crosses to running) at 
0.1Hz step intervals. All pedestrians 
walking behind the pacemaker were 
instructed to synchronise to their best 
ability with the person immediately in 
front of them.

The results of the experimental 
campaign proved that the mode 
of vibration of concern was well 
controlled by the inherent structural 
damping, which was underestimated 
in the design phase. This was due to 
the damping effects of relatively heavy 

b) Validation of novel VR 
experimental platform created to 
streamline future PPI studies

ÔFIGURE 2: 
Malaysia Square 
Pedestrian Bridge 
after completion

FIGURE 1: Two 
studies performed 
as part of doctoral 
research23-26

a) Determination of magnitude and directionality 
of PPI in overground walking groups
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fi nishes, such as paving and glass 
parapets, not accounted for in codifi ed 
analysis methods.

;he outcome was that the resulting 
vertical accelerations fell easily 
within the comfort criteria outlined 
in the relevant guidelines, eliminating 
the need to revert to costly e_ternal 
damping appendices. 6n more 
high�end features, 4:7) proved to 
be a very modally ºclean» structure, 
where all higher pedestrian force 
harmonics could be clearly recognised, 
and further 7:I eff ects could be 
easily quantifi ed and compared with 
associated design guidance.

Research and practice 
in unison
(s a direct consequence of the 

study performed on the 4:7), a 
decision was made not to install ;4+s 
on the bridge, leading to signifi cant 
cost savings in construction and 
maintenance. ;he work highlighted 
how even the most meticulous and 
detailed design, based on modern 
design standards, can prove defective 
without the invaluable validation of 
e_perimental data.

:tructural monitoring tools and 
culture should not be seen as a privilege 
of the specialist academic community 
alone, but rather as a practical tool in 
the hands of designers that can gain 
confi dence and deliver even more 
economical and effi  cient designs.

-inally, the organisation and the 
logistics of the e_perimental campaign 
can serve as a blueprint for academic�

industrial collaborations. ;he entire 
study was organised in under a month 
and involved the coordination of an 
international academic group with the 
structure»s owner, managing contractor 
and engineering designer, costing little 
but gaining a lot�
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