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The classification of Mortise and Tenon (MT) joints is vital, as it enables 
standardized terminology, facilitates comparative analysis, and enhances 
understanding of construction techniques across a variety of applications 
including the design, manufacturing, and management of wood products. 
Although the classification of MT joints is crucial, current research in this 
area lacks a systematic approach. The study adopts a morphological 
composition paradigm to investigate MT joints. This study introduces a 6-
level classification index hierarchy for MT morphology, employing 
methods from biological classification and arithmetic cross-method 
coding. By encoding joint features and morphological composition, the 
study delineates 352 possible joint types and 1056 theoretical 
compositions across dimensions, elucidating diverse structural logics and 
aiding comprehension. Next, a feasibility typicality assessment identifies 
198 typical and 310 atypical morphological types, presented clearly in 
graphical form. Validations are conducted through analysis of 2654 
research cases, which are encoded according to the index hierarchy, 
thereby affirming the scientific validity and practical utility of the 
classification system. 
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INTRODUCTION 
 

Timber is a sustainable and renewable resource that is widely applied across the 

construction and furniture sectors (Švajlenka and Kozlovská 2020). The Mortise and Tenon 

(MT) joint is a traditional connection for wood structures, relying on the natural 

interlocking mechanism enhanced by the cyclic forces generated by the components 

themselves. This design allows for controlled flexibility in the parts, which in turn bolsters 

the structural integrity by enhancing energy absorption and resistance to bending (Xie et 

al. 2021). The semi-rigid nature of these joints contributes to the longevity and durability 

of wooden structures (Feio et al. 2014). As their structural efficacy and sustainability, MT 

joints are pervasively incorporated into various wooden products such as furniture, bridges, 

toys, handicrafts, vehicles, sports equipment, etc. (Shang et al. 2023). 

The origins of MT construction technology can be traced back to the perforation 

techniques of the Paleolithic era. The shouldered stone axes that used perforation nesting 

and binding to join stone tools and wooden sticks are considered the earliest form of MT 

(Li 2015). Research on MT joints has a long history (Ma et al. 2020). With the long-term 

exploration of the construction characteristics and physical properties of wood by humans, 
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the structural principles and construction methods of MT have gradually been clarified 

(Hassan et al. 2023). Currently, academic research on MT has distinct disciplinary 

characteristics. Mechanical strength and structure are the primary research focuses for MT 

joints, with aesthetics gaining increasing attention in recent years (Yang and Wang 2013; 

Elek et al. 2020; Hu and Liu 2020; Qiao et al. 2022). Under the “Dual-Carbon” 

background, sustainable design methods such as reduction principle in the green design 

concept are focused on the MT joints (Bragança et al. 2010; Wu et al. 2021b). Additionally, 

studies on the MT joint have been extended to other fields, such as the realm of composite 

materials, MT joint selection and prefabricated frame tunnels model (Huang et al. 2023; 

Li et al. 2023; Yilmaz and Burdurlu 2023; Darwesh et al. 2024).  

Although various studies have been conducted on MT joints, there are still some 

limitations. Most research on MT structural styles tends to focus on characteristic 

experiments of existing MT forms or case innovation research. Moreover, the 

morphological classification of MT joints presents varying perspectives among researchers 

of diverse cultural backgrounds and regions, owing to the abundance and diversity of case 

sources. Existing approaches to classification are characterized by excessive granularity 

and data overload, rendering exhaustive analysis impractical and comprehensive research 

challenging. Consequently, significant divergence exists in research conclusions within 

this domain. To date, no universally recognized classification method or indexing system 

for MT forms has been established. However, considering the fundamental characteristics 

of wood and structural mechanics, all MT joints exhibit inherent regularities in material 

utilization and core principles in form design, governed by consistent principles of change. 

To fill this gap, this article adopts a novel research approach, examining the logic of MT 

joints and proposing a classification indexing method based on morphological construction 

paradigms.  

Utilizing morphological feature induction, biological classification methodologies, 

and linear pairing algorithms, this study systematically codes the relationship between MT 

joint forms and component features, constructing a rigorous, comprehensive, and 

foundational standardized indexing system. Through visual analysis, nearly 200 typical 

MT structural forms are categorized at the ‘genus level’. The findings of this research offer 

a scientific and convenient naming and indexing framework for the development and 

application of MT structural styles, with the potential to unveil new research directions and 

application scenarios in the field. Also, the systematic classification of MT joints 

streamlines wood product design, manufacturing, and management, inspiring innovation, 

enhancing efficiency, and driving field advancement. 

 
Research on MT Joints 

In morphological studies, studies have delved into the analysis and classification of 

MT joints based on their forms and historical origins (Guan 2007; Chen 2014; Tsai et al. 

2022). By categorizing the different types of MT joints, researchers aim to uncover the 

principles that have allowed these structures to persist throughout history and across 

cultures. The restoration, strengthening, and innovative applications of traditional MT 

joints represent another pivotal area of study. Experts including Eckelman and 

Smardzewski have significantly contributed to the analysis of wood product structures, 

including experimental and numerical studies on the effects of internal assembly forces 

and selected materials on stiffness and bending moments, as well as comparative studies 

and optimization of various mortise-and-tenon structures (Eckelman and Haviarova 2011; 

Smardzewski 2015; Uysal et al. 2015; Kasal et al. 2016; Taghiyari et al. 2018).  
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Some studies have also explored the merits and shortcomings of these joints, 

proposing solutions for their repair and reinforcement when damaged (Li et al. 2015; Wu 

et al. 2021a). Moreover, there is an interest in how traditional MT forms can be adapted or 

innovated for contemporary woodworking practices (Feio et al. 2014; Liu and Lin 2020; 

He et al. 2021). The morphology and scale of typical MT joints have also been subjects of 

scrutiny. These studies focus on the modification and transformation of MT forms to better 

suit specific industrial applications, emphasizing the need for design flexibility and 

innovation to meet the demands of various domains (Ohmori and Kunii 2011; Claus and 

Seim 2020; Hu and Chen 2021). The aesthetic and decorative functions of MT joints have 

not been overlooked in the academic discourse. Others have investigated the aesthetic 

appeal of these structures, considering their role in enhancing the visual appeal of 

woodwork, emphasizing the dual nature of MT joints as both functional elements and 

artistic expressions (Wu and Geng 2015; Sun 2021). The study of the physical properties 

of MT joints has been a focal point for researchers. Other studies also have delved into the 

structural mechanics and material properties of these joints, assessing their performance in 

terms of withdrawal state, bending load, shear strength, seismic strength, and service life 

under various conditions (Branco and Descamps 2015; Demirci et al. 2020; Pan et al. 

2024).  

With the development of new technology, advanced tools such as 

parametricization, big data, finite element analysis, and AI intelligence to enhance the 

understanding and application of MT joints in various contexts (Yue et al. 2024). These 

technologies allow for a more nuanced and detailed examination of the joints, enabling 

researchers to predict their performance under different stress conditions and to optimize 

their design for specific applications. The utilization of big data technologies has facilitated 

the collection and analysis of vast amounts of information related to MT joints. This data-

driven approach provides insights into patterns and trends that may not be apparent through 

traditional research methods (Kasal et al. 2016; Zhang et al. 2023). It also aids in 

identifying potential areas for improvement and innovation. AI intelligence has also been 

integrated into the study of MT joints harnessing the power of machine learning and 

artificial neural networks to predict the behavior of these joints and to generate novel 

design solutions (Xue et al. 2021; Zhang and Hu 2021). In addition to these technological 

advancements, some studies have combined three-dimensional numerical model with 

physical experiments to validate the accuracy and feasibility of the virtual models (Wu et 

al. 2021a). Some researchers have applied finite element methods technologies to simulate 

and analyze the structural behavior of MT joints (Tankut et al. 2014; Kaygin et al. 2016; 

Hu and Guan 2019; Iraola et al. 2021).  

 

Research on Classification of MT Joints 
Although there are various studies on the structure and form of MT joints, research 

on the classification and indexing of MT morphologies is relatively scarce. The 

classification of mortise-and-tenon shapes is mainly based on the overall construction 

relationship of the mortise-and-tenon structure, the shape of the tenon, the number of 

tenons, the visibility of the tenons, and the openness of the mortises (Van et al. 2023). Ecke 

(1986) meticulously catalogued 34 types of mortise-and-tenon joints, encompassing a 

range of structures such as box, yoke, and slab constructions. Gary Rogowski (2002) have 

showcased the specific craftsmanship of dozens of mortise-and-tenon forms in their works, 

highlighting exemplary joint types from around the globe. Collectively, these studies have 

enriched our understanding of the diversity and craftsmanship inherent in mortise-and-
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tenon technology, providing a valuable knowledge base for the preservation and 

contemporary application of traditional joint techniques. Guan (2007) classified modern 

furniture joining methods into three categories: integral tenon jointing, separate tenon 

jointing, and connector jointing. Further subdivision of the first two categories yielded 12 

types based primarily on tenon shape. Zhang and Yang (2018) categorized ancient 

architectural MT joints into three major classes and 11 subcategories. They also classified 

furniture component joining methods into three types: longitudinal extension jointing, 

transverse width jointing, and end-inlay jointing, listing 146 specific MT types. Chen 

(2014) divided traditional furniture MT joints into eight categories. Liang et al. (2021) 

classified Chinese traditional furniture MT forms into four categories.  

The classification exhibits ambiguity in defining its boundaries, both internally and 

externally. There is currently no consensus on MT joint classification, as classifications 

may be limited by research focus, logic, or cultural tradition adherence. Additionally, 

specific MT styles may have diverse names across different cultures and regions. There is 

a need for further efforts in standardizing, systematizing, and universalizing taxonomic 

research in this area. Therefore, this study aims to develop a classification system for MT 

forms that draws from various taxonomic methodologies and research streams. 

Current research on classification methods encompasses biological taxonomy, 

morphological classification, and information systems classification including, for 

instance, a method tailored for information systems classification (Nickerson et al. 2013; 

Kundisch et al. 2022). Chen et al. (2022) proposed an innovative method for automatically 

merging multiple source classifications into a target classification, addressing the 

complexities associated with multiple inheritance issues. Furthermore, De Queiroz (2006) 

sheds light on the distinctions between systematic coding, taxonomy, and nomenclature, 

offering valuable insights for delineating the conceptual boundaries of this study. Fischer 

and Gregor (2011) contributed to design science by proposing an idealized model of 

hypothesis deduction, enhancing fundamental reasoning forms. Building upon this 

literature analysis, this study will employ a spatial geometric interpretation of 

morphological classification, integrating principles from MT joints and wood 

characteristics. Drawing inspiration from biological classification methods and linear 

pairing algorithms, a systematic and universally applicable MT morphology classification 

index system will be formulated. 

 

Classification Methodology 
This study proposes a systematic classification method for MT joints based on 

connection forms. In this section, an index system for MT forms is established, where 

definitions and coding for MT classification are provided. Afterwards, the MT joint 

assessment research is carried out based on the MT principles and visual analysis. 

 

The hierarchical structure of MT joints 

Wood is primarily sourced from the main trunks of trees, with wood used by 

humans typically cut from these trunks into various profiles. This wood is categorized into 

scantlings and boards. Joint production, which involves the creation of interlocking joints, 

focuses on managing the connection between these materials. Figure 1 shows the 

classification of MT joints, based on biological classification principles and consisting of 

six hierarchical levels. 
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The definitions and coding for MT joints 

This study focuses on morphological classification of MT joints, specifically 

targeting the fifth level of the hierarchical taxonomy, termed as Genus. It presents various 

categories of joint methods between components in different dimensions, without delving 

into the specific structural styles under the sixth level, termed as Species. The following 

outlines the specific definitions and coding schemes for the aforementioned taxonomy. 

According to the definition of surface and scantlings from the Chinese Forestry 

Industry Standard LY/T 1788-2023 (2023), the width-to-thickness ratio R can be calculated 

by Eq. 1, 

 (1) 

where W and T represent the width and the thickness, respectively, of the timber 

component.  

 

 
 

Fig. 1. The hierarchical structure of MT joints 
1) Phylum: distinguishes between scantlings and boards. 
2) Class: identifies the types and quantities of components involved. 
3) Order: categorizes various junction point elements for scantlings and boards. 
4) Family: distinguishes between different joining methods for component junction points. 
5) Genus: categorizes structural variants of joining methods. 
6) Species: encompasses specific structural styles derived from each joining method variant. 

 

At the Phylum level, if R < 2, the component can be categorized as scantlings, while 

those with R ≥ 2 are categorized as boards. In Figure 2a, Scantling has cross-sectional 

dimensions where area is not considered, and its length is variable within limits. The 

board’s length and width can also vary within limits. In real-life practice, there may be 

curved components, which can be classified into categories of scantlings and boards based 

on their cross-sectional dimensional ratios, shown in Fig. 2b. When denoting scantling as 

L and board as F. Three relationships between two components: scantling to scantling (L), 

board to board (F), and scantling to board (L&F). 

At the Class level, all component junctions are aggregated into one structural point 

or line, and multiple components’ multiple junction points are separately categorized. Each 

/R W T=
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component participating in the structure is represented within three dimensions – 

transverse, longitudinal, and diagonal, let x, y, z represent to the corresponding axis, 

respectively. Thus, the number of components involved is limited to a maximum of three, 

and multiple structural elements in the same dimension are treated as one component. As 

is shown in Fig. 2c, based on this setup, the joint between scantlings and boards can be 

classified into seven types: L+L, L+L+L, F+F, F+F+F, L+F, L+L+F, and L+F+F.  

At the Order level, scantling can be categorized into two types of cross-sectional 

junction elements: cross-section (c) and lateral side (s). Surface material can be categorized 

into three types of junction elements: end face (e), long side (a), and surface (p). 

At the Family level, as is shown in Fig. 2d, scantling’s cross-section has only one 

joint, denoted as Lc, whereas its lateral side has two types of joints: lateral side head (Ls1) 

and lateral side middle (Ls2). Surface material’s end face has two types of junction points: 

end face head (Fe1) and end face middle (Fe2), long side has two types: long side head (Fa1) 

and long side middle (Fa2), and surface has four types: surface end head (Fp1), surface end 

middle (Fp2), surface side middle (Fp3), and surface center (Fp4). 

 

  
 

Fig. 2. MT joint coding. (a) Categories of scantlings and boards based on their cross-sectional 
dimensional ratios; (b) Curved components classification; (c) Definition of dimension, axis and 
component count; (d) Joint types; (e) Component joint by different dimensions; (f) Dimension 
interchangeably 

 

At the Genus level, as is shown in Fig. 2e, the classification methods between 

components are further categorized into three types: one-dimensional linear joint (x), two-

dimensional angular joint (x-y), and three-dimensional angular joint (x-y-z). Each type of 

joint may have multiple variants in the three different dimensions. Because the components 

are considered standard, their positions can be interchanged within the three-dimensional 

plane after joining without affecting the structural integrity. Thus, the variety of joint 

methods can be reduced by eliminating redundant combinations, shown in Fig. 2f. These 
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classifications provide a comprehensive framework for understanding and categorizing 

joint methods in a systematic manner. 

 

The MT Joint Classification Process 
Based on the definitions of classification methods across five hierarchical levels, 

we combine component joint and dimension coding to deduce potential MT joint 

compositions. Using the example of an L+F joint formed by one board component and one 

scantling component at the Class level, illustrate the specific classification inference and 

coding steps. 

 

Step 1: Phylum 

 As per the definitions provided, an L+F joint at the Class level belongs to the 

category of scantling-board joints at the Phylum level. 

Example: Resulting Phylum-level classification code: L&F 

 

Step 2: Class 

Example: Class-level classification code: L+F 

 

Step 3: Order 

There are two types of joint elements, shown as formular (2). 

 
for scantli ng

for board

c s

e a p

L L L

F F F F

= +

= + +





 (2) 

Using arithmetic cross-multiplication, simple linear pairing of joints is performed. 

Example: Resulting Order-level classification code: ce, ca, cp, se, sa, sp 

 

Step 4: Family 

As mentioned before, scantling has only one junction point for its cross-section, and 

two for its lateral side. Similarly conditions are met for board components. Then we have 

 

1 2

1 2

1 2

1 2 3 4

  

  

c c

s s s

e e e

a a a

p p p p p

L L

L L L

F F F

F F F

F F F F F






 =



=

= +

= +

+

= + +


+

 (3) 

Hence, all possible combinations of joint points can be represented as 

 ( )( )1 2 1 2 1 2 1 2 3 4   LF c s s e e a a p p p pL L L F F F F F F F F = + + + ++ + + + +  (4) 

Example: Arrive at the Family-level classification code, resulting in 24 classes. 

 

Step 5: Genus 

Building upon the combinations of joint points, the three-dimensional elements  

as is shown in Fig. 2e are incorporated. 

This can be represented as 

( )( )( )1 2 1 2 1( 4) 2 1 2 3   LF xyz c s s e e a a p p p pL L L F F F F F F F F x xy xyz = + + + + + + + ++ + +  (5) 

Expanding this, the Genus-level classification code is obtained, as detailed in Table 1. 

Example: Based on Table 1, it can be inferred that the L+F joint formation between a 
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single scantling component and a single board component yields theoretically 72 types of 

joint formations. 

Following the calculation method above, all seven types of joints between 

scantlings and boards at the Class level are expanded. Among them, combinations 

involving similar components (such as F+F, L+L+F, etc.) need to adhere to the principle 

of interchangeable components, as is shown in Fig. 2f, reducing redundant joint formations 

in the encoding. 

 As the Phylum level and the Class level concentrate to the style of the components 

while the Order level, the Family level and the Genus level focus on the connection, the 

label of a MT joint can be marked by connecting two labels. Label 1 denotes the detail of 

Phylum level and the Class level, and Label 2 denotes the Order level, the Family level and 

the Genus level, as shown as Fig. 3. 
 

Table 1. Scantling-Board Joint (L+F) Inferred Classification Code 

No. Phylum Class Order Family 
Genus 

1 Dimension 2 Dimensions 3 Dimensions 

1 

L&F L+F 

ce 
ce1 ce1x ce1xy ce1xyz 

2 ce2 ce2x ce2xy ce2xyz 

3 
ca 

ca1 ca1x ca1xy ca1xyz 

4 ca2 ca2x ca2xy ca2xyz 

5 

cp 

cp1 cp1x cp1xy cp1xyz 

6 cp2 cp2x cp2xy cp2xyz 

7 cp3 cp3x cp3xy cp3xyz 

8 cp4 cp4x cp4xy cp4xyz 

9 

se 

s1e1 s1e1x s1e1xy s1e1xyz 

10 s1e2 s1e2x s1e2xy s1e2xyz 

11 s2e1 s2e1x s2e1xy s2e1xyz 

12 s2e2 s2e2x s2e2xy s2e2xyz 

13 

sa 

s1a1 s1a1x s1a1xy s1a1xyz 

14 s1a2 s1a2x s1a2xy s1a2xyz 

15 s2a1 s2a1x s2a1xy s2a1xyz 

16 s2a2 s2a2x s2a2xy s2a2xyz 

17 

sp 

s1p1 s1p1x s1p1xy s1p1xyz 

18 s1p2 s1p2x s1p2xy s1p2xyz 

19 s1p3 s1p3x s1p3xy s1p3xyz 

20 s1p4 s1p4x s1p4xy s1p4xyz 

21 s2p1 s2p1x s2p1xy s2p1xyz 

22 s2p2 s2p2x s2p2xy s2p2xyz 

23 s2p3 s2p3x s2p3xy s2p3xyz 

24 s2p4 s2p4x s2p4xy s2p4xyz 
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Fig. 3. The code of a single MT joint 

 

Through deduction, 352 types of Family-level joint formations and 1056 types of 

Genus-level joint formations can be obtained, as shown in Table 2. 
 

Table 2. The MT Joints Sequence 

No. 

Label 1 Label 2 

Phylum Class Order Family 
Genus 

1 Dimension 2 Dimensions 3 Dimensions 

1 

L 

L+L 

cc cc ccx ccxy ccxyz 

2 
cs 

cs1 cs1x cs1xy cs1xyz 

3 cs2 cs2x cs2xy cs2xyz 

4 

ss 

s1s1 s1s1x s1s1xy s1s1xyz 

5 s1s2 s1s2x s1s2xy s1s2xyz 

6 s2s2 s2s2x s2s2xy s2s2xyz 

7 

L+L+L 

ccc ccc cccx cccxy cccxyz 

8 
ccs 

ccs1 ccs1x ccs1xy ccs1xyz 

9 ccs2 ccs2x ccs2xy ccs2xyz 

10 

css 

cs1s1 cs1s1x cs1s1xy cs1s1xyz 

11 cs1s2 cs1s2x cs1s2xy cs1s2xyz 

12 cs2s2 cs2s2x cs2s2xy cs2s2xyz 

13 

sss 

s1s1s1 s1s1s1x s1s1s1xy s1s1s1xyz 

14 s1s1s2 s1s1s2x s1s1s2xy s1s1s2xyz 

15 s1s2s2 s1s2s2x s1s2s2xy s1s2s2xyz 

16 s2s2s2 s2s2s2x s2s2s2xy s2s2s2xyz 

… … … 

349 

L&F L+F+F spp 

s2p2p4 s2p2p4x s2p2p4xy s2p2p4xyz 

350 s2p3p3 s2p3p3x s2p3p3xy s2p3p3xyz 

351 s2p3p4 s2p3p4x s2p3p4xy s2p3p4xyz 

352 s2p4p4 s2p4p4x s2p4p4xy s2p4p4xyz 

 

Typicality Assessment for the Classified MT Joints 
Wood exhibits anisotropic properties, meaning that its physical characteristics vary 

significantly across different grain orientations. Due to this and various factors such as 

form, structure, scale, and application scenarios, the application of MT joints in real-life 

settings may be constrained. Joint production addresses these variations to optimize 

mechanical strength, adhesive performance, dimensional stability, processing feasibility, 

and aesthetic appeal. The structure forms derived from theoretical deductions based on 

formative composition may manifest differently in practical scenarios, necessitating the 

classification and practical application assessment. 
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The structures can be categorized into three scenarios: 

1) Non-existent joint. These violate the basic principles of MT joints and lack practical 

application examples, marked with “N”.  

2) Atypical joint. Although theoretically possible, these are rarely observed in real-life 

scenarios, marked with “U”. 

3) Typical joint. These joints are logically sound and either have practical applications or 

existing case studies, marked with “C”. 

Visual analysis a commonly utilized information analysis method, combines human 

visual exploration capabilities with computer processing power. By converting symbols 

into geometric shapes, researchers can visually observe computer simulations and 

calculations, making scientific research more intuitive and possibly uncovering unexpected 

discoveries (Averbukh 2001). To facilitate a more intuitive classification, 3D models are 

employed to visualize and simulate all joint formations listed in Table 3, generating 

specific graphical representations for various MT joint forms, as illustrated in Table 4. 

By systematically modeling each of the MT joint forms listed in Table 3, a total of 

508 visually intuitive virtual representations of joint types are obtained. In Table 4, symbol 

N/A represents the schematic diagram is not available, include two conditions.  

Condition 1, nonexistent in such scenarios. It is observed that certain joint forms could not 

be simulated through computer graphics, indicating their non-existence in reality. For 

instance, the combination of two components cannot form a three-dimensional joint, so as 

three-dimensional joint types nonexistent in such scenarios.  

Condition 2, does not match the requirement. Some joint methods could be graphically 

represented but violated previously specified constraints. For example, once Label 1 is 

L+L+L and Label 2 is cccx, involving repetitive dual-plane joints, contradicts the 

requirement of unique joint points as defined earlier and thus needs to be excluded.  

Following this simulation and mapping process, a total of 548 inferred joint types 

from Table 3 are excluded, including ccxyz, e1e2a1xy, cp3x, s2s2p3x, s1a1p4x, among 

others. 

For MT joint types that can be simulated through graphics, further assessment of 

their typicality and practical applicability in real-life scenarios is necessary. While some 

joint forms may theoretically allow for viable joints, their practical utility could be 

constrained by various factors such as morphology, structure, space, scale, wood 

characteristics, and application contexts, as outlined below: 

1) As is shown in Fig. 4a, due to the uncertain extendibility of scantlings and boards, certain 

joint forms may have limitations in practical applications, necessitating judgment of their 

typicality based on real-world conditions. 

2) Although some simulated MT joint types may exhibit identical or similar joint forms 

under approximate scaling of simulated components, their dimensional differences upon 

expansion need to be manually assessed to determine typical joint forms, the schematic 

diagram is shown in Fig. 4b. 

3) Wood’s poor transverse tensile and shear resistance may limit the use of certain joint 

types as structural components. On the contrary, as is shown in Fig. 4c, with appropriate 

scaling of tenon dimensions, their strength may meet general usage requirements, rendering 

them as typical MT joint types in certain cases.  

4) While the edge-to-edge joint of scantlings is typically substituted with surface-to-surface 



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Shang et al. (2024). “Mortise & tenon classification,” BioResources 19(3), 4918-4940.  4928 

joint of board in practice, this type may still find application in specific scenarios and can 

be considered typical forms, as illustrated in Fig. 4d. 

5) The anisotropic nature of wood, along with differences in component angles or wood 

grain direction, significantly affects the joint strength of MT joints (Xie et al. 2021). 

Additionally, differential swelling and shrinking properties between end-grain and long-

grain surfaces may render certain joint forms less feasible at larger component scales but 

still viable at smaller scales, as shown in Fig. 4e. 

6) As shown in Fig. 4f, while theoretically diverse, three-dimensional jointing involving 

multiple boards may have limited practical applications, with the majority considered as 

atypical joint forms. 

7) In Fig. 4g, component scaling extending towards different-dimensional surfaces may 

generate an interference zone, rendering such joint forms less typical. 

8) Certain simulated joint forms, while theoretically featuring joint points, may exhibit 

peculiar aesthetics or deviate from customary usage practices, as is shown in Fig. 4h. The 

joints are regarded as atypical joint forms. 
 
Table 3. Visual Analysis Classification Schematic Diagrams 

Label 
1 

Label 2  
1 

Dimension 

Schematic 
diagram 

Label 2  
2 

Dimensions 

Schematic 
diagram 

Label 2  
3 

Dimensions 

Schematic 
diagram 

L+L 

ccx 
 

ccxy 
 

ccxyz N/A 

cs1x N/A cs1xy 
 

cs1xyz N/A 

cs2x N/A cs2xy 

 

cs2xyz N/A 

s1s1x 

 

s1s1xy 

 

s1s1xyz N/A 

s1s2x 

 

s1s2xy 

 

s1s2xyz N/A 

s2s2x 

 

s2s2xy 
 

s2s2xyz N/A 

L+L+L 

cccx N/A cccxy 

 

cccxyz 

 

ccs1x N/A ccs1xy 

 

ccs1xyz 

 

ccs2x N/A ccs2xy 
 

ccs2xyz 

 

…… 

L+F+F s2p2p4x 

 

s2p2p4xy 

 

s2p2p4xyz 
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s2p3p3x  

 

s2p3p3xy  

 

s2p3p3xyz 
 

…… 

s2p3p4x 

 

s2p3p4xy 

 

s2p3p4xyz 

 

s2p4p4x 

 

s2p4p4xy 

 

s2p4p4xyz 

 

 

 
 

Fig. 4. Factors considered in MT classification 
(a) The impact of component scale variation on joint morphology; (b) MT joints with similar forms 
but different joint points; (c) Joint forms where tenons are cut across the wood grain; (d) Evolution 
and application of jointing where line materials are joined at their edges; (e) Joint forms where wood 
grain directions intersect; (f) The theoretical richness of joint forms involving multiple boards; (g) 
Interference potentially caused by component scale extension, particularly concerning dimensional 
surface interference; (h) Some theoretically derived joint forms with peculiar aesthetics. 

 

These restrictions aim to discern the typology and practical viability of simulated 

MT joint forms. 
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Table 4. Assessment Results of MT Joint Types 

No. Label 1 
Label 2  

1 Dimension 
Assessment 

result 
Label 2  

2 Dimensions 
Assessment 

result 
Label 2  

3 Dimensions 
Assessment result 

1 

L+L 

ccx C ccxy C ccxyz N 

2 cs1x N cs1xy C cs1xyz N 

3 cs2x N cs2xy C cs2xyz N 

4 s1s1x U s1s1xy U s1s1xyz N 

5 s1s2x U s1s2xy U s1s2xyz N 

6 s2s2x C s2s2xy C s2s2xyz N 

7 

L+L+L 

cccx N cccxy C cccxyz C 

8 ccs1x N ccs1xy C ccs1xyz C 

9 ccs2x N ccs2xy C ccs2xyz C 

10 cs1s1x N cs1s1xy C cs1s1xyz C 

11 cs1s2x N cs1s2xy N cs1s2xyz U 

12 cs2s2x N cs2s2xy U cs2s2xyz C 

13 s1s1s1x U s1s1s1xy U s1s1s1xyz C 

14 s1s1s2x U s1s1s2xy U s1s1s2xyz C 

15 s1s2s2x U s1s2s2xy U s1s2s2xyz U 

16 s2s2s2x C s2s2s2xy C s2s2s2xyz C 

…… 

349 

L+F+F 

s2p2p4x U s2p2p4xy U s2p2p4xyz U 

350 s2p3p3x C s2p3p3xy C s2p3p3xyz U 

351 s2p3p4x C s2p3p4xy U s2p3p4xyz C 

352 s2p4p4x C s2p4p4xy C s2p4p4xyz C 

 

Table 5. Summary of the Assessment Results 

Phylum Class Order Family 
Genus 

Total N/A Atypical (U) Typical (C) 

L 
L+L 3 6 18 8 4 6 

L+L+L 4 10 30 7 9 14 

F 
F+F 6 36 108 56 33 19 

F+F+F 10 120 360 265 78 17 

L&F 

L+F 6 24 72 36 8 28 

L+L+F 9 48 144 43 51 50 

L+F+F 12 108 324 133 127 64 

Sum 7 50 352 1056 548 310 198 
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Table 6. Typical MT Joints 

No. Label 1 Label 2 schematic diagram No. Label 1 Label 2 schematic diagram 

1 L+L ccx 

 

11 L+L+L ccs2xy 
 

2 L+L ccxy 
 

12 L+L+L ccs2xyz 

 

3 L+L cs1xy 
 

13 L+L+L cs1s1xy 

 

4 L+L cs2xy 

 

14 L+L+L cs1s1xyz 

 

5 L+L s2s2x 

 

15 L+L+L cs2s2xyz 

 

6 L+L s2s2xy 

 

…… 

7 L+L+L cccxy 

 

195 L+F+F s2p3p4xyz 

 

8 L+L+L cccxyz 

 

196 L+F+F s2p4p4x 

 

9 L+L+L ccs1xy 

 

197 L+F+F s2p4p4xy 

 

10 L+L+L ccs1xyz 

 

198 L+F+F s2p4p4xyz 
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Regarding the issue of the typicality of MT joint types under various real-world 

conditions, it requires manual assessment considering multiple factors. To this end, the 

authors invited 11 experts in the field and experienced frontline workers to evaluate the 

aforementioned 508 MT joint types that could be simulated through computer modeling. 

Based on the majority principle, two assessment results are provided: typical (C) and 

atypical (U), as shown in Table 4. The summary of the assessment results is shown in Table 

5. Some typical MT joints are shown in Table 6. 

 

 
 

Fig. 5. Validation method for MT sampling, coding, and classification  



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Shang et al. (2024). “Mortise & tenon classification,” BioResources 19(3), 4918-4940.  4933 

Classification and Assessment Practice 
Classification and assessment process 

To validate the MT joint classification and assessment method, thousands of MT 

joints were collected from 3210 internet images, 17 relevant books, 223 videos on MT 

production or demonstration, and 622 research articles. After removing duplicate samples, 

a total of 2,654 clearly identified and distinct MT joint cases have been obtained. 

Following the proposed method, features of the collected samples are determined 

through team discussions and expert consultations, these samples are then encoded to 

examine the feasibility of the coding and validate the assessment status of the MT types 

attributed by the coding. Samples that could not be accurately encoded are marked as M. It 

is observed that some MT samples did not exhibit scantling or board structure but still 

demonstrated characteristics of MT joints.  

These forms are primarily decorative or reinforcement structures, not main 

structural components bearing significant mechanical loads. Additionally, some MT cases 

exhibited clear structural design flaws and could not be considered as reasonable MT 

forms. These samples are categorized as other types and marked as E. The basic 

determination process is outlined in Fig. 5. 

Based on the approach outlined in Fig. 5, individual analysis and classification of 

MT joint samples were conducted. Table 7 provides examples of the classification results 

for some of the samples. 

Assessments and determinations are completed for all sampling cases mentioned 

above. As shown in Fig. 6, 98.5% of 2654 sampled MT joint cases can be encoded. This 

demonstrates that the coding system and evaluation results of this index hierarchy have a 

high level of credibility. The proposed method is a feasible way to classify the MT joints. 

 

 

Fig. 6. Proportion of samples 
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Table 7. Samples of MT Sampling Classification Analysis 

Figure 

 

 

   

Judging Criteria 
Boards 

 End Joint 
 Miter Joint 

Scantling and board 
End Joint 

Edge-to-Edge Joint, Miter 
Joint 

Scantlings 
Multiple Components Line 

Cross Joint 
Plane Joint 

Scantlings 
Multiple Material 

Cross Joint 
Three-Dimensional Joint 

Boards 
End Joint 

Plane Joint 

Phylum F F L&F L F 

Class F+F F+F L+F+F L+L+L F+F 

Order ee ee see sss ea 

Family e2e2 e2e2 s2e2e2 s2s2s2 e2a2 

Genus e2e2xy e2e2xy s2e2e2xyz s2s2s2xy e2a2x 

Assessment C C C C U 

Figure 

   
 

 

Judging Criteria 
Boards 

Edge Joint 
Sloped Miter Joint 

Curved scantlings 
Circular Diameter 

Linear Joint 

Scantlings 
End joint 

Miter Joint 

Boards 
End Edge Joint 

Plane Joint 

Scantlings 
Decoration Use 

Phylum L F L L L 

Class L+L+L F+F+F L+L L+L L+L 

Order css — cc cc — 

Family cs2s2 — cc cc — 

Genus cs2s2xyz — ccx ccxy — 

Assessment C M C C E 

Note: C indicates that the case is a typical mortise-and-tenon structure; U indicates that the case is an atypical mortise-and-tenon structure; M indicates 
that the case cannot be encoded; E indicates that the case belongs to another category. 
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Discussion 
The current academic approach to defining MT types mostly relies on the 

morphological division of existing MT joints, which belongs to qualitative research 

characterized by summarization and induction. Due to the diversity of MT joints and their 

widespread applications, these classification methods often lack comprehensiveness and 

systematicity. This study takes the paradigm of morphological composition as the starting 

point, focusing on the most basic forms of components used for making MT joints, rather 

than the final forms presented by wooden products. In the classification hierarchy, a well-

known biological classification system is adopted, and the encoding deduction method 

utilizes scientific arithmetic cross-algorithm. Therefore, it is proposed here that the MT 

index hierarchy constructed in this paper is logically rigorous, systematic, more 

compatible, and capable of inferring almost all existing and future MT joint types. As tools, 

equipment, and MT skills continue to advance, new forms of MT joints will emerge. The 

MT morphology classification index and coding system constructed in this paper can 

accommodate most new types of MT joints. 

The sampled cases in the case study section of this paper represent MT 

morphologies deciphered from various sources worldwide and from various literature over 

several years, showing good coverage and representativeness. By comparing and analyzing 

the types of MT joints in real-life scenarios with the index hierarchy proposed in this paper, 

it can be observed where some types of MT morphologies are insufficiently applied or 

studied in reality. This helps promote innovation in MT joint morphologies under certain 

classifications, improve specific MT structural styles, and enrich the database of MT 

structural styles. 

The MT morphology classification index hierarchy constructed in this paper 

facilitates users to conveniently access and retrieve MT style resources, making it more 

universal and conducive to communication and exchange among users with different 

language backgrounds and in different geographical environments. It helps users in related 

fields to innovate based on this foundation, cite, reference, or innovate further, meet diverse 

demands, and be widely applied in the fields of architectural design, furniture design, 

cultural and creative industries, handicrafts, toys, and other wooden product design and 

production areas. Additionally, it provides certain reference or guidance value for 

researchers and frontline practitioners in related disciplines. 

 

 
 

Fig. 7. Samples from the MT library 
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It should be noted that while the practice phase in this paper includes a considerable 

number of samples and has broad coverage, it cannot exhaust all current and future types 

of MT joints, especially those not included in the main hierarchy. Continuous verification 

and attention to the progress of MT research are required to further improve the hierarchy. 

Additionally, this paper does not delve into the species level in the index hierarchy, which 

refers to the specific joint styles of each type of MT joint. As shown in Fig. 7, by modeling, 

reproducing, or innovatively designing joint styles for 50 types of MT joints among the 

198 typical morphologies mentioned above, a database of 7447 MT styles was established.  

The paper proposes a systemic classification method for the MT joints, but the 

category phase is maintained within the limits for efficiency. Future work aims to provide 

a smart solution for the MT joint classification by integrating machine learning and 

intelligent recognition technology, and thereby exploring specific MT style design 

methods.  

 

 

CONCLUSIONS 
 

1. The paper used the paradigm of morphological composition as its starting point, based 

on the fundamental principles of mortise and tenon (MT) joints and the characteristics 

of wood, among other factors. It employed biological classification methods and 

arithmetic cross-method coding to establish a 6-level classification index hierarchy of 

MT morphology. By encoding the dimensions of MT joint points and morphological 

composition, the paper described 352 possible MT joint types and 1056 theoretical 

morphological compositions across multiple dimensions. This effectively 

demonstrated the structural logic of different MT morphologies, facilitating 

understanding and memorization. 

2. A feasibility assessment of the morphological types under this hierarchy identified 198 

typical and 310 atypical MT morphological types, with graphical representations for 

each. To validate the scientific and logical construction of this index hierarchy, 2654 

research cases were analyzed. After extracting features from these cases, they were 

encoded based on the index hierarchy constructed in the paper. Thus, construction of 

this index hierarchy is feasible. 
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