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Abstract 

This study assesses various prefabricated load-bearing timber structures on demountability and 

adaptive capacity to better understandant their performance. To achieve fair and comparable results all 

subjects unrelated to demountability or adaptive capacity that indirectly influence the results will be 

equated. For the assessment of both subjects, existing tools are used and modified to match the tested 

systems. Questions that compose the assessment are given a weight depending on their importance via 

a pairwise comparison, then scores are calculated after a stability analysis of these weights. Results 

show that column/beam systems have a high degree of demountability and adaptive capacity, followed 

by an assembly of elements. Systems built from modules score low on demountability, and also on 

adaptive capacity if no beams are implemented. 
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Introduction 
The European Union (EU) states that CO2 emissions should be reduced by 40% by 2030. All member 

states are required to be CO2 neutral by 2050 in order to limit global warming to 1.5C (Climate action, 

2021). The United Nations (UN) suggests that buildings and construction account for 40% of global 

CO2 emissions (Architecture30, 2021). This is partly due to the plethora of raw materials sourced and 

required for a structure, of which often none can be reused once the building is demolished.  

Innovation in the building industry is slow compared to other sectors such as technology or 

transportation, which is why it needs to reform itself with different approaches to construction and re-

use materials. Supply and demand for a specific building function can quickly change. When a 

building is idle, the traditional construction method makes it costly and labour-intensive to transform 

the structure to be suitable for another function. The structure is unique and often difficult to 

disassemble. Despite the lifespan of a structure often being much longer than the lifespan of the 

building or its function, often the whole structure is demolished instead of disassembled. Since the raw 

materials that are required for a structure come from limited, not renewable resources, it is crucial to 

build future constructions in a sustainable way. Utilising buildings for their entire lifespan reduce the 

amount of raw resources used for construction. A flexible building can adapt to possible future 

changes. However, a hyper-flexible building is redundant if there is no demand for another use, hence 

a building should also be demountable. Ideally, every component of a building that is being 

disassembled should be reused in order to maximise its residual value. Therefore, this study focuses on 

prefab load-bearing timber structures which have various  construction methods and approaches for 

multiple storey buildings and are assessed for their demountability and flexibility to get a better 

understanding of how they perform. 



Methodology 
To ensure sufficient in-depth analysis within the given time frame, demountability and flexibility are 

tested on nine load-bearing construction systems which represent the most common contemporary 

techniques in timber construction. It is then described how other subjects that may result in a specific 

method being prioritised over another, are equalised in order to obtain fair and comparable results. 

DBGC (2019) has developed a tool that measures this in a building, by assessing on different  

scales. In addition, a distinction between technical, process-related, and financial aspects is made, 

although only the demountability of load-bearing structure is of relevance in this study. Similarly for 

demountability, adaptive capacity is first defined, then a measuring tool developed by Geraedts (2013) 

is partially used since this extensive method contains aspects that are not applicable for this study. 

Based on a selection of relevant items from this tool, a number of tests were conducted to reformulate 

some of the assessment questions to specifically target the main load-bearing structure. In order to 

analyse the correlation and reliability of the questions, the ‘Cronbach’s Alpha’ formula is applied. This 

formula assesses the internal consistency of a test, in this case indicating whether the questions asked 

can cohesively measure the concept of adaptive capacity. However, not all the questions are equally in 

weight since some have a greater impact towards a higher adaptive capacity than others. Therefore a 

‘pair comparison’ of all questions was made to determine their individual weight. In addition, a 

stability analysis of the weights given is performed before ranking the systems against each other.  

Timber construction 
Contemporary timber construction contains a wide range of structural elements and products. Mass 

timber-based elements such cross laminated timber (CLT) or glued-laminated timber (GLT) are the 

more ecological alternatives for concrete wall and floor construction. CLT enables high performances 

and can be precisely engineered and produced in different sizes and thicknesses (Manual, 2018). There 

is also dowel-laminated timber, which is further environmentally friendly due to the use of wooden 

pins instead of glue. Besides mass timber, there are also traditional elements such as timber frame 

constructions (TFC), where walls and floors are constructed of beams combined with plywood or 

chipboard to provide the panel with stiffness. Another major change in timber construction is the 

extensive prefabrication of large individual elements. Additionally to timber being a relatively light 

material compared to concrete and steel, it has many advantages during the manufacturing phase due 

to its versatility, and it can also be used structurally, as insulation, to enclose spaces, or as a finish. 

Vertical and horizontal elements 

Timber constructions can be divided into two categories: horizontal and vertical elements. Examples 

of horizontal elements are columns and walls, and vertical elements are beams and floors. Structures 

are often assembled from multiple techniques into a hybrid system to meet structural requirements. 

Combining different elements intelligently increases the freedom in design and allows timber 

construction to be more frequently used in complex and laborious projects. However, such a structure 

does not necessarily consist entirely of timber. For heavier loads and to provide stability, timber is 

often combined with steel. Steel joints can serve as connections between various elements, and steel 

strips or cables are fastened between or onto timber frames to provide  rigidity.  

Methods of construction 

Although timber structures can be made in a traditional way, this is antiquated due to labour intensity 

and complexity. Nowadays, a prefabricated system allows large quantities of construction components 

to be produced and ready for assembly before on-site construction begins. These methods can be 

divided into three categories, in which the level of prefabrication and assembly differ. The first 

category consists of a column/beam skeleton construction that arrives at the building site in individual 

parts (1), which provides a high degree of flexibility and is ideal for utility buildings. The second 

method also involves assembly on site, but of wall and floor elements (2). This is often used in 

residential construction, but also in utility constructions, since individual apartments require separation 

which can be done by the load-bearing walls. The final method involves an assembly of modules on 

site (3). These are ready-to-use modules, or containers, that often include installations and sup-parts. 

Similar to hybrid timber systems, combinations of these methods can be made.  



 

 

 

 

 

 

Sub-topics 

Nine prefabricated timber systems are assessed in this study for their demountability and adaptive 

capacities. The variations in between, which differ in method or type of components or elements, are 

based on preliminary literature research of timber constructions. Achieving comparable results is 

challenging due to the many sub-topics that play a role when choosing a building system. There are 

various methods for connecting the vertical and horizontal elements. Most commonly, the floor or 

beam lies on top of the wall or column, and the latter is placed on top again. Variations of this are 

sometimes applied, such as half supporting or not supporting, where an element is suspended between 

two elements instead. However, every system considered in this research is based on stacking the 

prefabricated parts with full support of the underlying element.  

 In Geraedts’ research (2013), it is advised to separate the installations  from the load-bearing 

structure to obtain a maximum adaptive capacity. In this study, the systems are equated by using a 

lowered ceiling for each system, as suggested by Geraerdts. The same applies to the insulation and 

acoustics, which should at minimum meet the requirements of the building regulations. Challenges 

due to the lack of knowledge regarding fire safety must be overcome as timber grows in popularity. 

Since theoretically every structural component can be covered with sufficient fire resistant material to 

meet the minimum requirements, no further attention is paid to this issue. 

This study aims to gain an understanding of how well certain timber systems perform in terms 

of demountability and their adaptive capacity. Other topics, such as the integration of installations or 

insulation that are excluded from this assessment, may be given a higher priority when choosing a 

load-bearing system due to financial or practical reasons. Therefore in order to assess and compare the 

systems justly, each is assumed to have the same way of stacking horizontal and vertical elements, 

equal installations, insulations, acoustics, and all meet the minimum requirements for fire safety.  

Demountability  
A demountable building prevents unnecessary demolishing since the components used for 

construction can be disassembled and re-used in other structures. Ideally, every component or element 

of a disassembled building  should be able to be reused in order to maximise its residual value.  

Definition  

A structure consists of a composition of materials and elements that are connected to each other. As 

the use of prefabricated elements increases, the complexity of clustered elements often consequently 

increases (piano, 2019). Two connected elements that can be disconnected due to a detachable joint 

are more likely to maintain their function, and a high-quality reuse is possible if they are in good 

conditions. This concept is a key aspect of demountability, which is defined by Pianoo (2019) as the 

degree to which objects can be disassembled at all scales within works and buildings so that the object 

can retain its function and high-quality reuse is achievable. 

Adjustments to DBGC’s tool 

The DBGC (2019) has developed a tool to measure the degree of demountability in a structure. For 

this study only the main supporting structure is of relevance, therefore process related and financial 

aspects are excluded from the tool. Technical factors, however, relate to the design and therefore 

determine the physical ability to disassemble objects. Each factor consists of several categories that are 

given a score, ranging from a maximum of 1.00 and a minimum of 0.10, as shown in figure 2. Four 

aspects of demountability are assessed: type of connections, joint accessibility, intersections, and 

shape encapsulation. 

Figure 1: assembling methods 



In the first section 'type of connections', bolt and nut joints score 0.80 since additional parts 

are required for attachment. However, if a component with bolt and nut connection is considered a 

complete component, no additional parts are applied. Therefore, any joint that does not require 

additional parts during assembly and disassembly is assigned a maximum score within this paper, 

provided that this joint leaves the component undamaged. This may apply to a steel-on-steel joint, but 

not to wood-on-steel. Similarly, screw joints theoretically require no additional parts, yet cause 

damage to the component. As long as a component remains in the same condition after disassembly as 

when it was assembled, it will receive the maximum score. 

The same applies to the accessibility of a joint. If a component or element of the load-bearing 

structure is not directly accessible, but can be accessed on-site without damaging other materials, then 

dismantled and reused, the maximum score applies. The emphasis here is on 'on-site', as a single 

column or beam may be easier to dismantle than a prefabricated module.  Although the individual 

components and elements used in prefabricated modules may be assembled with screw connections, 

the module cannot be disassembled on-site because accessibility is very limited due to surrounding 

modules. Therefore the type of joints between horizontal and vertical parts of the construction, such as 

walls, beams, columns and floors are of relevance . Although it can be argued that a module is first 

detached in its entirety and then taken apart, such a module was most likely not built to be 

disassembled. This is equivalent to a prefabricated assembly of components, resulting in little benefit 

due to limited transport dimensions. 

Intersections and shape encapsulation relate to sub-parts or sections within a structure, which 

can be excluded as the load-bearing structure is assembled in a logical order and disassembled in 

reverse, so there is no shape encapsulation. Chapter 2 explains why every building should have a 

lowered ceiling to keep construction and installation separate from each other in order to achieve a 

maximum adaptive capacity. The systems within this study therefore all apply these principles, which 

means intersections between the load-bearing structure and installations will not occur. 
 

 

 

 
Figure 2: Adjusted tables based on tool by DGBC, (2019) 



Adaptive capacity 
A demountable structure is crucial in order to reuse elements and components. However, it is 

unnecessary to demolish and rebuild structures if they can adapt to new demands due to its flexible 

designs.  

Definition 

Some terms often used by architects to describe the adaptive capacity of a building are flexibility, 

adaptability, agility, elasticity, modularity, resilience, and versatility (Geraedts, lsson, & Hansen, 

2017), of which the first two are most commonly used. In architectural terms, this can be interpreted as 

the physical ability to easily adapt to continuous changes in social and technical needs and patterns 

(Geraedts et al, 2017). Adaptability is defined by the Cambridge Dictionary as ''an ability to change in 

order to suit different conditions''. This can be complemented by the description of (Schmidt III, 

Eguchi, Austin, & Gibb, 2010) who states that ''adaptability means the capability to adapt to new 

circumstances''. Flexibility refers to continuous (physical) change on a small scale, whereas 

adaptability refers to unpredictable demands or changes, such as changing a building's function using 

an adaptive system (Gareadts, 2017). Both terms are and referred to as 'adaptive capacity'.  

 

Figure 3: Overview of the measuring criteria for technical flexibility (B) that can be used as a means to 

achieve the objectives in the area of spatial and functional flexibility (A) at the different levels of 

consideration (C) for the sectors to be distinguished (D) (Geraedts, 2019) 

Method of assessing 

The rubric made by Geraedts (figure x.x) provides the guidelines that can be used as a framework to 

assess the adaptive capability of the timber building systems included in this research. As previously 

mentioned, not every item included in Geraedts tool is relevant for the assessments of the various 

load-bearing structures. The "spatial/functional" part (A) can be disregarded as it relates to the location 

of the structure to be assessed. Part (B), the technical flexibility, is divided into two sections: 'building 

flexibility' and 'installation flexibility’, and can both be included in the assessment. The last 2 rows (C) 

and (D) indicate the 'Consideration levels' and the ‘Sector’, respectively. Both the building and the 

user units are relevant for testing newly built load-bearing structures. A summary of the applicable 

rubrics is as follows: B1, B2, C2, C3, D1. 

Adjustments 

'Horizontal grid dimensions' included in B1 of Geraedts tool assess the freedom of layout and design 

between two grids. However, the assessment is only applied to load-bearing elements that define the 

grid size, and therefore have equal building principles with regard to the free span from one grid to the 

other. For this reason item B1 is split into two questions, Q2 and Q3, which are reformulated to 

specifically address common elements of the various systems.   

Grid sizes can vary depending on the building system, and Geraedts has linked dimensions to 

this item that result in different scores. However, in theory large spans can be obtained with any 

system, which emphasises the importance of assuming only economically viable and logical situations. 



A low score is given for Q2 when structural elements or components have a short span, whereas a high 

score is given when the system uses components that are appropriate for achieving long spans.  

Q3 relates to desirable future changes regarding the load-bearing structure, such as breaking 

through partition walls to connect spaces. A low score is obtained when the horizontal load-bearing 

elements offer very little to no possibilities for expansion, whereas a high score is obtained when 

expansion can be easily achieved without additional structural support. Assessing the possibility to 

connect internal walls to the façade is irrelevant since non-load bearing walls are assumed for all 

system's gable ends. However, testing the facades for the open/close ratio is important for the entry of 

daylight when a space is later divided, which is assessed with Q5. 

Despite this tool covering many aspects, an additional rubric is required to arrive at a complete 

and correct score for the assessment of the adaptive capacity of the various building systems. When a 

load-bearing structure is demounted to be rebuilt elsewhere, a different composition may be desired. 

Therefore, Q1 assesses the adaptive capability of the mutual connections of modules, elements and 

parts. 

 

 

 

 

Scoring method 

The instrument measures various load-bearing structures on its adaptive capacity and consists of five 

questions, where each is assigned a weight from 1 to 3. Q1 measures flexibility on a building scale. 

The main load-bearing structure should be modifiable during the design phase since every building 

plot has different dimensions, and urban and general requirements. This ability to change is also 

necessary after demounting the structure, as a different composition might be required for its new 

purpose.  

Whilst Q1 concerns the entire system and its design capabilities, Q2 focuses on to what extent 

large uninterrupted spaces can be created. In theory, large spans can be achieved with any construction 

system. However, this might not be economically viable, hence the difference in the structural 

properties of the various systems should be assessed. Similar to Q2, Q3 is related to a space’s 

dimensions by assessing to what extent there is a possibility of a space’s enlargement after 

Figure 4: Adjusted tables based on tool by Geraedts (2019) 



construction. If the load bearing structure only offers expansion in one direction the construction is 

limited to elongated spaces, whilst there is a greater freedom for future design changes when 

expansion in two directions is feasible. 

Vertical alterations must also be considered, which is assessed with Q4. This allows for future 

toppings or a higher redesign when demanded. Q2-Q4 measure to what degree the structure lends 

itself to potential future alterations. As these questions consider scenarios that are post-construction 

only, they could be classified together. Q5 merely refers to allowing more daylight to spaces if 

required. In addition to every question having three answers, there is also a hierarchy of different 

weights per question which is determined as follows.  

A simplified version of a 'pair comparison’ is used where questions are compared against each 

other on Table X, such that between any two questions the most important one can be determined. The 

more relevant question is assigned a value of 2, whilst the other receives a value of 1. These numbers 

are then added for a total score, which is used to determine the weight of each question. The result of 

the weighted questionnaire allowed the nine systems to be quantitatively compared against each other, 

and thus ranked. In order to validate this result it is important to account for potential inaccuracies in 

the weight determination of each question. This is due to the nature of the specific questions 

formulated, thus no data has been found that resulted in precise weight values that show how each 

questions shows improvements towards the adaptive capacity. Therefore, to counteract and justify the 

approximated given weights, a stability analysis was performed.  

This was conducted in the following manner. The weight of each question was altered in a +- 

0.5 range, with steps of 0.25, such that five weights for each question were considered. New scores 

were then computed for the nine systems, for all possible combinations of the weighted questions 

variations. This resulted in over a hundred of potential scores for each system (appendix X), which 

were inputed into a code that calculated the probability that a given system scored higher than another. 

These probabilities were then used to correct the scores into one that is immune to small fluctuations 

in the question’s weights, which can be seen in Figure X below. 

Results 
Systems 1 and 3 scored the highest for demountability since columns are undamaged during 

disassembly when combined with steel joints. In theory, this could be applied to beams but usually 

only one side of the joint, either the beam or the column is provided with steel, in which most cases 

the latter. Furthermore, the floor elements used in systems 1 and 3 are open on the bottom side, thus 

can be (dis)connected to/from the wall using a joint between the beams instead of screwing from 

above, which is done with CLT floors (2). An assembly of CLT or TFC elements also scores high, 

around 0,80, due to the logical way of stacking elements on-site. Only systems formed from 

prefabricated modules score relatively low, around 0,50. These cannot be disassembled into 

components or elements on-site, only disconnected as modules from each other, hence these are 

designed to be reused in their entirety. 

 

Demountability index DGBC: 

≥ 0,40 Low demountability index; 

≥ 0,60 Average demountability index; 

≥ 0,80 High demountability index; 

 

The adaptive capacity assessment’s outcome concluded that systems 1 and 2 had the highest results, 

which are the column/beam skeletons. This may be because of the large spans and the freedom of 

design that comes with this system during the design phase, as well as the system’s ability to change 

or expand post-construction. System 5 had the third highest score, constructed of GLT floors 

combined with CLT walls. Similar to systems 1 and 2, the laminated beams in the floors allow for 

large spans, whilst the CLT walls offer a high vertical load-bearing capacity for any future top-ups or 

taller redesigns. 

Position 4 is taken by system 3 and involves an assembly of columns and CLT floors where 

the limited span of the floors determine the size of the grid. Only CLT floors  can be self-supporting in 

two directions, hence removing a column without adding additional support is not possible. Although 



systems 7, 8, and 9 are prefabricated modules, system 8 scored considerably higher than 9 and 7.  This 

is likely because combining columns and beams within the module allows for larger uninterrupted 

floor spaces once assembled. Next are systems 6 and 4, which are assemblies of elements. CLT scores 

higher than TFC due to its constructive properties, such as the possibility of adding future openings 

without structural additions. Furthermore, due to its load-bearing capacity and stability, vertical 

options are more likely to be achieved with CLT than TFC. 

The two last systems, 9 and 7, have little flexibility compared to the others as the module is 

delivered prefabricated and therefore has limited sizes due to transport regulations.  In addition, they 

are built using wall elements resulting in units with limited expansion possibilities. The five highest 

scoring systems all use GLT. Furthermore, TFC and CLT have mixed performances resulting in 

balanced scores despite large differences between the techniques.  

Discussion  

All systems have been given equal methods of stacking elements, components or modules, 

installations, insulations, acoustics, and fire safety to ensure fair and comparable results for 

demountability and adaptive capacity. This assessment is designed from an environmental and 

sustainability point of view, which excludes financial related issues and the aforementioned topics 

when analysing the structures. This is favourable to some timber systems  as they would score low on 

the above subjects, which in reality have a greater importance than given in this study. It is possible 

that the higher scoring systems are considerably more expensive systems due to the extra features that 

are needed to meet the building regulations. These systems represent the most common combinations 

of hybrid timber structures, but they may also be combined. For example, a building with an open core 

using a column/beam skeleton surrounded by modules is an example of a structure that is not bound to 

one system. 

Conclusion 
This research shows that column/beam constructions have the highest degree of demountability due to 

good joint accessibility and the fact columns can be disassembled without damage. This is followed by 

an assembly of elements that offers good accessibility, especially in the case of open floors, as 

elements can be attached from below. Modules score relatively low within the assessment as they 

cannot be deconstructed on-site, and can only be taken apart in their entirety. Furthermore, it was 

found that there are minimal differences between CLT, GLT, and TFC in terms of demountability, 

provided that during joint design the possibility to disassemble is taken into account. 

Column/beam structures also achieved the highest scores in the adaptive capacity assessment 

due to the large open layout of the columns and the wide spans made possible by the laminated beams. 

Systems 5 and 8 show that an assembly of elements or modules can also score highly, provided that 

laminated beams are used. The lowest scores were obtained by assemblies of elements and modules 

built from CLT or TFC. These systems have limited capacity for adaptation and expansion, and are 

limited in dimensions due to maximum span or transport requirements. 
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TIMBER SYSTEMS 1-9



















Timber system 5

Figure 5.3: Mass timber walls i.c.w. laminated beamsFigure 5.2: Column/beam construction details

Figure 5.1: System 5 scheme























 Q1 Q2 Q3 Q4 Q5 Total Factor 

Q1  2 2 2 2 8 3 

Q2 1  1 2 2 6 2 

Q3 1 1  2 2 6 2 

Q4 1 1 1  1 4 1 

Q5 1 1 1 1  4 1 










