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Sitting and Seating

Part 2

กิตติ อินทรานนท์ (2548). การยศาสตร์: Ergonomics. สํานกัพิมพ์แห่งจฬุาลงกรร์มหาวทิยาลยั. พิมพ์ครั #งที% 1
Stephen Pheasant and Christine M. Haslegrave (2006). Bodyspace: Anthropometry, Ergonomics and the Design of Work. 3rd Edition. Taylor 

& Francis.
Vivek D. Bhise (2012). Ergonomics in the Automotive Design Process. 1st Edition. Taylor & Francis.



08/08/59

2

Functions of seats
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� The requirements for a comfortable seat (Purcell, 1980; 
Stikeleather, 1981) are as follows:

� (1) The seat should provide a comfortable and controlled 
seating posture.

� (2) It should reduce mechanical shock and vibration 
transmitted to the operator.

� (3) It should position the operator to provide easy and 
non-fatiguing access to machine controls.

� (4) It should position the operator relative to provide 
adequate vision for allowing him to perform all works 
safely and effectively.
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Functions of seats
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� (5) The seat should support the weight of the thighs and upper 
body. The ischial tuberosity must be capable of supporting 
most of the upper body weight.

� (6) A good-seated posture should support the spine to 
approximate the correct curvature. The backrest should not 
be soft and over padded to prevent back ailments.

� (7) The seat cushion underneath knee muscles should be soft 
and rounded off to change his position from time to time to 
relieve pressure and rotate muscle groups under tension.

� (8) The seat must support the body during many continuous 
hours of operation, especially to the lower back and thighs. 
This requires adjustability in the seat to accommodate all 
people in the percentile range that has been chosen.
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4 Mehta, C. R., et al. "Review of anthropometric considerations for tractor seat design." International Journal 
of Industrial Ergonomics 38.5 (2008): 546-554.
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Anthropometric Aspects of Seat Design
Seat Height (H)
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� As the height of the seat increases beyond the popliteal 
height of the user, pressure will be felt on the underside 
of the thighs.

� As the height decrease the user will
a) Tend to flex the spine more 

b) Experience greater problems in standing up and sitting down, 
due to the distance through which his or her center of 
gravity must move

c) Require grater leg room.

� The optimum seat height for many purposes is close to 
popliteal height, and where this cannot be achieved a seat 
that is too tow is preferable to one that is too high.
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Seat Height (H)
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� For many purposes, therefore, the 5th %ile female
popliteal height (depending on style of shoes worn)
represents the best compromise.

� If it is necessary to make a seat higher than this (e.g., to
match a desk height or because of limited leg room).

� The ill effects may be mitigated by shortening the seat in
order to minimize the under-thigh pressure.

� Such pressure may reduce blood circulation to the lower
legs.

� The seat height should be adjustable so as to generate a
correct visibility at front and back for the user to
accomplish forward and backward tasks.
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Fig 5.8 Seat dimensions
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Seat Depth (D)
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� If the depth is increased beyond the buttock-popliteal 
length (which for a 5th percentile woman).

� The user will not be able to engage the backrest 
effectively without unacceptable pressure on the backs of 
the knees or leaning back without proper lower back 
support.

� Furthermore, the deeper the seat, the greater the 
problems of standing up and sitting down.

� The lower limit of the seat depth is less easy to define.

� Tall people sometimes complain that the seats of easy 
chairs are too short; an inadequate backrest may well be 
the blame)
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Seat Width
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� In order to assure user comfort and convenient posture 
change, the seat width should be wider than breath of the 
hip of 95th percentile men.

� A width that is some 25 mm less on either side than the 
maximum breadth of the hips is all that is required.

� However, if there are armrests or sides to the seat, the 
clearance between these must be adequate for the largest 
use.

� The hip breadth of the 95th percentile woman unclothed 
will be used to design.

� In practice, allowing for clothing and leeway, a minimum 
clearance of 500 mm is required.
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Backrest Dimensions
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� The function of a seat back rest is to maintain a relaxed
(i.e. non-fatiguing) spinal posture.

� Seat backrest width, the proposed dimensions of the
backrest relate quite simply to the distance from the
upper lumbar region to the underside of the buttocks and
to the interscye breadth.

� The 5th and 95th percentile interscye breadth values of
users are recommend, respectively.



08/08/59

11

Backrest Dimensions
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� The backrest height should allow the lumbar region to fit 
firmly into the backrest.

� The higher the backrest, the more effective it will be in 
supporting the weight of the trunk.

� But in some circumstances other requirements such as 
the mobility of the shoulders may be more important.

� We may distinguish three varieties of backrest, each  of 
which may be appropriate under certain circumstances:

� The low-level backrest

� The medium-level backrest

� The high-level backrest
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Backrest Dimensions
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� The low-level backrest provides support for the lumbar 
and lower thoracic region only and finishes below the 
level of shoulder blades, thus allowing freedom of 
movement for the shoulders and arms.

� An overall backrest height ( C) of about 400 mm is required.

� The medium-level backrest also supports the upper back 
and shoulder regions. Most modern office chairs fall into 
this category.

� Some made to support to mid-thoracic lever, overall backrest 
height ( C) of about 500 mm is required.

� About 95th %ile male values rounded up for full shoulder 
support.
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Backrest Dimensions
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� The high-level backrest gives full head and neck support. For 
the 95th %ile man.

� Whatever its height, it will generable be preferable and 
sometimes essential for the backrest to be contoured to the 
shape of the spine, and in particular to give ‘positive’ support 
to the lumbar region in the form of a convexity or pad.

� Andersson et al. (1974) found that a lumbar pad that 
protrudes 40 mm from the main plane of the backrest.

� Coleman et al. (1998) studied preferences for the position of 
lumbar support on office chairs and found that the mean 
preferred height was 190 mm above the compressed seat 
surface.
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Backrest angle or Rake(alpha)
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� As the backrest angle increases, a greater proportion of the weight 
of the trunk is supported.

� Hence the compressive force between the trunk an pelvis is 
diminished.

� Increasing the angle between trunk an thighs improve lordosis. This 
will tend to drive the buttocks forward out of the seat unless 
counteracted by
� (a) an adequate seat tilt.
� (b) high-friction
� (c) muscular effort from the sitter

� Increasing rake also leads to increased difficulty in standing up and 
sitting down, particularly for the elderly.

� This will commonly be between 100 degree and 110 degree.

� A pronounced rake (e.g., greater than 110 degree) is not compatible 
with a low- or medium-level backrest.
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Backrest angle or Tilt (beta)
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� A positive seat angle (backwards tilt) helps the user 
maintain good contact with the backrest and helps 
counteract any tendency to slide out of the seat.

� Excessive tilt reduces hip-trunk angle and ease of standing 
up and sitting down.

� For most purposes 5 degree to 10 degree is a suitable 
compromise.
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Armrests

16

� Armrests may give additional postural support and be an did to standing up 
and sitting down.

� An observational study showed that, by using armrests, pregnant women 
can maintain a much more stable when sitting down or rising from a chair.

� An elbow rest will be discussed above the seat surface.

� An elbow rest is somewhat lower than sitting elbow height is probably 
preferable to one that is higher, if a relaxed posture is to be achieved.

� Armrests should support the fleshy part of the forearm, but unless very 
well padded.

� They should not engage the bony parts of the elbow where the highly 
sensitive ulnar nerve is near the surface.

� If the chair is to be used with a table, the armrest should not restrict access 
under the table.

� European standard EN 1335-1 recommends a minimum useful length of 
200 mm for armrests.



08/08/59

17

Leg Room
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� In a variety of sitting workstation the provision of 
adequate lateral, vertical and forward leg room is 
essential if the user is to adopt a satisfactory posture.

� Lateral leg room (e.g., the kneehole of a desk) must give 
clearance for the thighs and knees. ISO 14738 
recommends a width of 790mm (ISO, 2002b).

� Vertical leg room requirements will, be determined by the 
knee height of tall user (95th %ile shod man).
� Alternatively, thigh clearance above the highest seat position 

may be more relevant (95th %ile man)

� The vertical space required- adding the 95th %ile male popliteal 
height shod and thigh thickness.
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Leg Room
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� Forward leg room is rather more difficult to calculate. 

� At knee level, clearance is determined by buttock-knee 
length from the back of a fixed seat (95th %ile man).

� If the seat is movable, we may suppose that the user’s 
abdomen will be in contact with the table’s edge.

� Consider a person of buttock-popliteal length b, popliteal 
height p and foot length f sitting on a seat of height H. 
Ignoring the effects of ankle flexion, the total horizontal 
distance between buttocks and toes (d) is approximated 
by

2 2d b p H f= + − +



08/08/59

19

19



08/08/59

20

Seat Surface
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� The purpose of shaping or padding the seat surface is to 
provide an appropriate distribution of pressure beneath 
the buttocks. The ergonomic opinion suggests the 
following:

� When compressed, most of the seat surface should be more 
flat rather than shaped, although a rounded front edge is highly 
desirable.

� Upholstery should be firm rather than soft (it is sometimes 
said that a heavy user should not deform it by more than 25 
mm).

� Covering materials should be porous for ventilation and rough 
to aid stability.


