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The effect of a handrail was clarified by evaluating the load of leg in stepping stairs by the sum of the moments of knee and ankle. When 
body is supported by a handrail, the center of gravity goes backward, and the angle of shank decreases. From the result of experiment, it 
was proven that there was an optimum value respectively for the height and the position of a handrail. And, we made the mechanism model 
which can expresses the movement of each part of the body in stepping stairs, based on geometric relation. 
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Fig.A1  Measurement of the load which is charged on the leg 
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(a)With handrail-0deg (b)With handrail-35deg (c)Without handrail 
Fig.A2  Effect of handrail in going up stairs 

(a)Without handrail         (b)With handrail 
Fig.A3  The center of gravity position in going up stairs 

M1:Moment about knee 
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(b) Measurement of reaction force from floor and the angle of leg 
Fig.2  Measurement device 
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(a)  Up stairs 

(b)  Down stairs 
Fig.1  Measurement of the load which is charged on the leg 
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(a)  Measurement of force which leans against handrail 

M1:Moment about knee 
M2:Moment about heel 
F Force from floor 
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(a)With handrail - 0deg (b)With handrail - 35deg (c)Without handrail
Fig.3  Effect of handrail in going up stairs 
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(a) Without handrail          (b) With handrail 
Fig.4  The center of gravity position in going up stairs 
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(a)Without handrail       (b)With handrail 
Fig.5  Reason why the ground reaction force decreases 
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Fig.6  Effect of handrail angle 
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Fig.7 The factor in which the load of the leg decreases 
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Fig.8  Effect of handrail height 
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Fig.9  Effect of step height 
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Fig.10 Relation between the angle of shank and the level of stair 
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(a)Without handrail        (b)With handrail
Fig.11  Effect of handrail in going down stairs 
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Fig.12  Effect of handrail height 
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Fig.13  Mechanism model 

(a)Effect of handrail  (b)Handrail position   (c)Step height 
Fig.14  The posture in going up stairs 
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Fig.15  Relation of center of gravity and shank angle 
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G Center of gravity 
l Thigh length 
l Shank length 
l3 Distance between waist 

 and center of gravity 
l4 Distance between heel and floor
l5 Distance between foreleg 

 and hind leg 
h Height of step 
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