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TRADA has supported the IStructE Young Researchers’ 
Conference (YRC) over the last two years. We have seen the 
exposure the event gives to young researchers and the wealth 
of knowledge it adds to the engineering profession. 

In this light we noted with interest that there were three timber 
related research papers selected for the final sessions at this year’s 
YRC whereas in some years we couldn’t see any. We think the 
research presented could be of value to our readers. The views 
expressed, however, are not necessarily those of BM TRADA and 
readers are encouraged to contact the authors directly if further 
clarification on any of the subjects discussed is sought.

1 Introduction
In the words of Prof Ibell, the membership of the Institution 
of Structural Engineers in the UK ‘represents, collectively, the 
world’s foremost body of structural engineering innovators’. The 
institution funds research at various levels, supporting students 
and young practitioners alike. The available funds are allocated 
to deserving individuals selected by a panel of institution 
members known as the Research Panel. 

The role of the Research Panel is to support, facilitate and direct 
research in structural engineering. Prof Gardner, chairman of the 
Research Panel, said: 

‘The Research Panel, through its members and sponsors, as 
well as through its links with the local regional groups of the 
institution and institution liaison officers in Universities, aims 
to promote the effective dissemination and application of 
research, attract young people to research careers and liaise 
with other organisations with an interest in research.’

The Young Researchers’ Conference, the institution’s annual 
research event, brings together young, forward-thinking 
structural engineering PhD students and researchers, along 
with industry professionals and academics. A selected shortlist 
of students and young researchers are then invited to present 
on their PhD at the YRC event at the IStructE headquarters in 
London either as oral presentations or poster presentations. This 
provides an excellent opportunity for these young researchers 
to present their work and ideas to an audience of peers and 
industry professionals. A question and answer session usually 
follows the presentations.

TRADA has sponsored the YRC event over the last two years. 
TRADA’s University Liaison Manager Elizabeth Turner said:

‘It is really inspiring to see the variety of research on show 
every year at the YRC and particularly the number of timber 
projects that are increasingly coming through. This timber 
research expands our knowledge and understanding of this 
most sustainable material in modern engineering.’ 

BM TRADA’s principal structural engineer Dr Keerthi Ranasinghe, 
who has been a member of the Research Panel since 2013, was 
invited to be a member of the judging panel at this year’s event. 

The following summaries are compiled by Dr Ranasinghe and 
BM TRADA believes that these will be of value to the TRADA 
membership. 

The contact details of the lead authors are provided at the end 
of each summary and readers so that readers may get in touch 
with them directly. 

2 BFRP glued-in rods for large timber 
structures
Caoimhe O’Neill1, Daniel McPolin1, Su Taylor1, Annette Harte2 
1Queen’s University Belfast, 2National University of Ireland 
Galway

Glued-in rods (GiR) are a sustainable alternative to conventional 
steel moment connections that are most commonly used in 
timber construction. Use of GiR creates an internal connection 
with a greater aesthetic appeal compared to external steel 
connections. GiR can be used in a wide range of applications 
such as connecting timber sections, as reinforcement for 
timbers and for restoration of existing timber structures.  
However, no pan-European standard exists for their design. 
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The authors have identified that the majority of research on GiR 
to date comprises steel rods glued in to glulam elements – not 
on the use of GiR with timber in general. In an attempt to fill 
this research gap, the authors have investigated the behaviour 
of Basalt Fibre Reinforced Polymer (BFRP) rods glued into Irish 
indigenous Sitka Spruce which is typically graded as C16. Their 
research forms part of a Department of Food, Agriculture and 
the Marine funded project aimed at encouraging the use of Irish 
home-grown timber in construction as means of adding value to 
the Irish forestry stock.

Several parameters have been tested as part of the research 
programme. A pull-bending test set up as shown in Figure 1 was 
used to investigate the influence of embedded length on strength 
and the effect of increasing edge distance on the failure mode. 

According to the researchers, this test method was selected 
as it more closely represents the axial and bending load 
combination imposed on GiR connections in practice. Previous 
research had concluded that strength of the BFRP GiR did 
not increase beyond an embedded length of 15 times the 
rod diameter. However, this conclusion had been based on 
curve-fitting of data obtained in a pull-push test, ‘not exactly 
representative of the real world applications of GiR’, the 
researchers argue. 

The current research did not confirm the same limits under 
the combined loading. Strength of the GiR joint continued to 
increase with increased embedded length up to a final tested 
length of 50 times the rod diameter. However, a non-linear 
increase in strength was observed, with rate of increase in 
strength lower at longer embedded lengths.

The deteriorative effects of long-term moisture ingress on a 
glued-in rod connection were also simulated by the authors by 
accelerated ageing of the specimens. This had been achieved 
by vacuum-pressure soaking the specimens, drying and 
testing them to failure. Failure loads were compared to those 
without pressure soaking and a significant reduction in strength 
was recorded after soaking. Physical differences were noted 
including differences in failure mechanism where evidence of 
delamination was observed in the soaked specimens (Figure 
2). Further durability testing whereby specimens are being 
subjected to moisture cycling is currently ongoing.

The corresponding author Caoimhe O’Neill may be contacted at 
coneill86@qub.ac.uk 

Figure 1 Pull-bending test set up

Figure 2 Delamination observed in aged samples
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3 Dynamic response of tall timber 
buildings 
Ishan Abeysekera, Christian Malaga-Chuquitaype 
Imperial College London

The low carbon footprint and high structural efficiency of 
engineered wood materials make tall-timber buildings an 
attractive option for high-rise construction. However, due to 
the relatively low mass and flexibility characteristics of timber 
structures, some concerns have been raised regarding their 
dynamic response. In this study the authors have examined the 
dynamic behaviour of tall timber buildings under tornado and 
downburst wind loading profiles. 

Analysis was carried out on four building models (Figure 3) as 
follows: 

• Building B1 – 7-storey building with CLT floor panels 
and CLT wall panels with steel hold-downs and shear 
connections.

• Building B2 – 11-storey building with glulam columns and 
beams, CLT floors and CLT cores.

• Building B3 – 20-storey building with CLT wall panels, 
glulam beams and CLT floors. Column to column and wall 
to wall connections across floor levels were achieved by 
means of concrete link beams modelled as rigid links.

• Building B4 – 30-storey building with CLT wall panels, 
glulam beams and CLT floors. Column to column and wall 
to wall connections across floor levels were achieved by 
means of concrete link beams modelled as rigid links.

The results of response history analyses of the four Finite 
Element (FE) structural models subjected to wind actions 
had been compared against the ISO 10137 comfort criteria. 
The authors also carried out a parametric study whereby the 
damping was varied between 3 and 13%. 

The authors report that in general, large floor accelerations 
that do not meet the comfort criteria set out in ISO 10137 were 
observed for all buildings modelled. In particular the stiffer 
medium-rise structure with significantly high density of walls 
(B1) was seen to have the highest accelerations. 

Downburst loading was seen to govern the peak acceleration 
response of medium-rise buildings while tornado loading 
was more critical for taller buildings. The effectiveness of 
Tuned Mass Dampers (TMDs) in reducing peak acceleration Figure 3 Four tall building models 

a) Building B1, 7 storeys

b) Building B2, 11 storeys

c) Building B3, 20 storeys

d) Building B4, 30 storeys
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values was also explored under the study. The authors report 
that implementing TMDs significantly reduced the observed 
acceleration levels. 

The authors conclude the study emphasising the need for further 
studies on the dynamic behaviour of tall timber buildings. 

The corresponding author Ishan Abeysekera may be contacted 
at Ishan.Abeysekera@arup.com

4 Bamboo composite material model for 
structural application
Martha Godina, Rodolfo Lorenzo 
University College London

Bamboo is a natural material with a complex and variable 
structure that gives it very good mechanical properties, 
especially in the axial direction where the stiffness to weight 
ratio is better than that of steel. It is a fast growing grass that 
can be exploited as a sustainable building material. For many 
centuries bamboo has been used in construction and other 
applications. 

However, despite the contribution of empirical techniques, there 
has been little advance in scientific knowledge and most of the 
structures made with whole bamboo culms are based on traditional 
techniques. The lack of fully developed design codes and test 
methods to determine material properties means the chances to 
fully exploit its use as structural material has been hindered.

This research investigates the viability of implementing a new 
design methodology for whole bamboo culms to exploit the 
material properties in gridshell structures where mostly axial 
forces are transferred. The researchers’ aim is to develop a 
material model so that material properties can be incorporated 
into the design process. Composite material theory has been 
adopted by the authors to devise a material model that can 
enable rigorous structural analysis and design. The proposed 
model is linear elastic and describes the axial and flexural 
stiffness and the stress distributions across the culm wall. In 
order to validate this model, a test programme was devised 
based on two codified methods, JG/T 199(2007) and ISO 
22157-1(2004) of small coupons (Figure 4) and full culm 
specimens (Figure 5) respectively.

The authors report that until now most research has been focused 
only on the behaviour under axial compressive loads to obtain 
the longitudinal Modulus of Elasticity. However, they argue that 
there are four independent engineering constants important for 

their model: the Modulus of Elasticity in the axial and transverse 
directions, the Poisson’s ratio, and the shear modulus. 

Results and observations of the current testing are aimed at aiding 
to devise future test methods to determine the transverse Modulus 
of Elasticity and shear modulus. The authors hope that the use of 
small samples will provide simpler and more accessible methods 
that can be reproduced and repeated with ease. 

Full culm test specimens are also considered in order to 
compare results by having samples of different size and 
shape. Effects of fibre distribution across the culm wall when 
measuring strains under axial compressive load have been 
investigated. Additionally, a digital image correlation (DIC) 
technique was used to assess the true displacements field in a 
non-isotropic material. 

Figure 4 Testing of a small coupon
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It is hoped that the main outcome of this research will provide 
a design methodology that can be used as a guideline for 
designing gridshell structures with whole bamboo culms. 

The proposed material model aims to provide a tool to make 
possible the incorporation of material properties into the analysis 
and design of the whole structural system as well as to analyse 
new connection designs through finite element modelling. 

More generally, it should encourage sustainable construction 
through the adoption of a natural material that has a 
relatively low environmental impact in comparison with other 
conventional materials. 

The corresponding author Martha Godina may be contacted at 
martha.godina.12@ucl.ac.uk

Figure 5 Testing of a full culm
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Keerthi graduated as a Civil Engineer from Moratuwa 
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