
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

Ergonomics of human land locomotion with load
carriage

安陪, 大治郎
University of East Asia

https://doi.org/10.15017/10323

出版情報：九州大学, 2007, 博士（芸術工学）, 課程博士
バージョン：
権利関係：



 

2 
 

 

Contents 
 

Chapter 1   Introduction 

1-1 Walking with load and its relevance to free-ride     ………………………………..…..2 

1-2 Hypothesis for explaining free-ride    ...…………………………………………….….2 

1-3 Pilot study     ……………………………………………………………………………4 

   1-3-1 Methods     ………………………………………………………………………..5 

   1-3-2 Results     …………………………………………………………………………6 

   1-3-3 Discussion    ……………………………………………………………………10 

   1-3-4 Conclusion   ……………………………………………………………………14 

1-4 Overview of pilot study     …………………………………………………………….15 

   1-4-1 Unsolved problems of pilot study      ……………………………………………15 

   1-4-2 Argument of economical speed     ………………………………………………15 

   1-4-3 Does the free-ride exist in running?    ………………………………………….16 

1-5 Overall purpose      …………………………………………………………………….16 

1-6 Structure of this thesis    ………………………………………………………………17 
 

Chapter 2   Ergonomic effects of load carriage on energy cost of gradient walking 

2-1 Introduction    …………………………………………………………………………20 

2-2 Methods    ……………………………………………………………………………..22 

   2-2-1 Subjects    ……………………………………………………………………….22 

   2-2-2 Experimental set-up and measurements    ………………………………………22 

   2-2-3 Statistical analysis    …………………………………………………………….24 

2-3 Results    ……………………………………………………………………………....25 

   2-3-1 Effects of load and gradient on Cw   ……………………………………………25 

   2-3-2 Effects of load and gradient on economical speed (ES)        …………..…………25 



 

3 
 

 

2-4 Discussion   …………………………………………………….……………………28 

   2-4-1 Effects of load carriage on Cw    …………………………….…………………28 

   2-4-2 Effects of load and gradient on ES   ……………………….………………….29 

2-5 Conclusion   …………………………………………………………………………30 

 

Chapter 3   Ergonomic effects of load carriage on the upper and lower back on 
           metabolic energy cost of walking 

3-1 Introduction   ………………………………………………………………………...32 

3-2 Methods   …………………………………………………………………………….35 

   3-2-1 Subjects   ………………………………………………………………………35 

   3-2-2 Measurements   ………………………………………………………………..35 

   3-2-3 Statistical analysis   ……………………………………………………………38 

3-3 Results   ……………………………………………………………………………...39 

3-4 Discussion    …………………………………………………………………………42 

3-5 Conclusion   ………………………………………………………………………….46 

 

Chapter 4   Changes in EMG characteristics and metabolic energy cost during 
           90-min prolonged running 

4-1 Introduction   ………………………………………………………………………...48 

4-2 Methods   …………………….………………………………………………………50 

   4-2-1 Subjects   ………………………………………………………………………50 

   4-2-2 Measurements   ………………………………………………………………..50 

   4-2-3 Statistical analysis   ……………………………………………………………52 

4-3 Results   ……………………………………………………………………....………53 

4-4 Discussion   …………………………………………………………………………..55 

4-5 Conclusion   ………………………………………………………………………….57 



 

4 
 

 

Chapter 5   Effects of load carriage on EMG characteristics and energy cost of 
           running at various terrains 

5-1 Introduction  ……………………………………….………………………………….59 

5-2 Methods ………………………………………………………………………………63 

   5-2-1 Subjects ………………………………………………………………………...63 

   5-2-2 Measurements  ………………………………………………………………….63 

   5-2-3 Statistical analysis ……………………………………………………………...66 

5-3 Results ………………………………………………………………………………..67 

5-4 Discussion   ………………………………………………………………………….70 

5-5 Conclusion ……………………………………………………………………………73 
 

Chapter 6   General discussion 

6-1 Overview of this chapter   ………….…………………………………………….….75 

6-2 Effects of load weight, walking speed, load position and gradient on Cw     …………75 

   6-2-1 Effects of load weight   ………………………………………………………..75 

   6-2-2 Effects of walking speed   …………………………………………………….76 

   6-2-3 Effects of load position        ………………………………………………………77 

   6-2-4 Effects of gradient   ……………………………………………………………78 

6-3. Effects of load position and gradient on ES   …………….…………………………79 

   6-3-1 Effects of load position   ………………………………………………………79 

   6-3-2 Effects of gradient  ……………………………………………………………80 

6-4 Free-ride in running   ………………………………………………………………..81 

6-5 Practical applicability   ……………………………………………………………....83 

6-6 General conclusion   …………………………………………………………………85 
 

References   ………………………………………………………………………………87 

Acknowledgements   ………………………………………………...……….…………..96


