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ABSTRACT: Following an exhaustive evaluation of the limitations of whole-timber carpentry connections in low-to­

midrise buildings, recommendations therein have been extrapolated and applied to a small preliminary study of four 

beam-to-column connection details. These connections included two steel-free and two steel-minimised connections, each 

with compressive reinforcement. To understand the potential of each connection, fabrication trials and observational 

assembly tests were conducted. The complications of fabrication were workshopped across all stakeholders, and 

preliminary moment-rotation, pull-out, and gravity load observations were conducted to better understand how the 

fabrication frameworks and joint designs could be improved. The observations highlighted key successes as well as 

weaknesses in the design, fabrication, and construction methodologies, which were rectified. One connection that resulted 

from this revision is based on traditional interlocking dovetail mortise-tenon carpentry designs and the second is a blend 

of traditional mortise-tenon and contemporary connections with internal steel fasteners. The preliminary design and 

fabrications methods, as well as consequential changes, are discussed to provide a better understanding of the applications 

and limitations of natural-form structural elements and low-to-no steel beam-to-column joints in practice. The final 

connection designs and preliminary design framework is presented and upcoming sequential research is summarised. 
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1 - INTRODUCTION 

In the process of devising a design framework 

for multi-level buildings that minimises embodied energy 

from fabrication, many avenues have been exhausted to 

consider viable solutions. The solution investigated in 

this project is the potential for whole tree trunks to be 

used as structural elements, of which the elements would 

be pre-fabricated for use in easily assembled interlocking 

beam-to-column connections that aim to minimise steel 

as much as practical. The motivation for this 

investigation is two-fold. First, the combination of 

minimally processed timber and little-to-no steel 

maximises the net-negative carbon potential of timber 

buildings and provides a more sustainable alternative to 

concrete, steel, and engineered timber buildings. Second, 

in response to the relatively high costs associated with 

engineered timber buildings and steel fasteners, the 

development of an alternate typology provides an 

affordable option while achieving notable sustainability 

outcomes in some cases. The potential for this alternative 

typology to provide an adequate design solution is 

foreseen for a range of commercial and residential design 

scenarios, of which the connections are designed to suit. 

For example, realistic implementation building layouts 

include roughly up to 5.5 m to 8 m column spacing in 3 

to 6-level buildings considering floors with 2-directional 

load paths with a 4 m floor-to-floor level height. The 

applicable uses depend on a range of variables such as 

building use, building layout, and material availability. 

However, the absence of previous investigations of such 

connections means that to understand with certainty 

which design scenarios are workable, the connection 

behaviour must be observed. Only then can knowledge 

be gained as to what extent multi-level, whole-log, 

carpentry connection structures are a promising solution. 

An example ofthis building typology can be seen in Fig. 

JA, where a SOLIDWORKS model depicts a multi-level 

log structure with simply-supported, 1-way floors in 
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