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ORDRE DES INGÉNIEURS DU QUÉBEC 

 

NOVEMBER 2018 SESSION 
 
 

Open-book examination 
Calculators : Only authorized models 

Duration : 3 hours 
 
 

14-IN-B2 Ergonomics 
 

1) In a 911 call center, dispatchers usually work in a sitting posture, but may prefer to stand 

during short periods of stressful situations. 

 

    
 

Considering normal work clothing, determine the values to accommodate 99% of industrial 

workers (males and females) for the following elements (justify your answers with calculus 

using the anthropometric data provided in appendix) (20 pts): 

 
a) Minimum and maximum height of an adjustable work seat. 

b) Minimum and maximum height of the adjustable worktable on which rest the mouse and 

keyboard. 

c) Minimum and maximum height of the adjustable stand on which rest the monitors, 

considering that the center of monitor screen is 29 cm from its base (vertical dimension), 

and that they are positioned at an average reading distance is 65 cm from the dispatchers’ 

eyes. 
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2) What are the bad postures and the other conditions which make the tasks illustrated below 

not recommendable (be specific)? (10 pts)  

 

 
 

 

 

A B C 
 
3) A worker must remove pastry trays from an industrial baking oven. She takes the trays 

coming out of the oven and places them on a cart, which will be taken by another worker. 

Each cart contains 5 trays, piled up one on top of the other. As she lifts the trays from the 

oven, the worker makes a 45° trunk rotation. The hot pastries are relatively fragile and they 

must be handled carefully.  Using the NIOSH 1994 Manual Lifting Guidelines (equation 

provided below), determine if this work is acceptable for 75% of women and 99% of men. 

(15 pts) 

 

• Grasp height of the trays 
coming out of the oven (hand 
height) : 125 cm 

• Tray size : 75 cm x 75 cm x 25 
cm high 

• Work pace : 3 trays per minute 

• Weight of a full tray : 5 Kg 

• Work duration: 8 hours 15 cm

20 cm  (handle)

Tray
coming out 
of the oven

Grasp
height: 
125 cm
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RWL (Kg) = 23 (HM) (VM) (DM) (AM) (CM) (FM) 
• HM (Horizontal Multiplier) = 25 / H where H = cm 
• VM (Vertical Multiplier) = (1 - (0.003 |V -75 |)) where V = cm 
• DM (Distance Multiplier) = (0.82 + 4.5 / D) where D = cm 
• AM (Asymmetry Multiplier) = (1 - (0. 0032 A)) where A = degrees 
Note: Use a Coupling Multiplier CM = 1 and a Frequency Multiplier FM = 0.8. 
 

4) The reading accuracy required for this pressure gauge 

is 50 PSI.  It must be readable at a distance of 2 

meters in a relatively dim environment.  The height of 

the characters (numbers) is 4.5 mm.  The usual 

pressure reading is around 9000 PSI.  From an 

ergonomics point of view, which are the inherent 

design problems with this pressure gauge? (10 pts) 

100  psi

 

5) Discuss the different options that can be used to facilitate the identification of manual 

controls. (10 pts) 

 

6) Explain the reasons why cold temperatures are considered as a risk factor in the development 

of work related musculoskeletal disorders. (10 pts) 

7) List and discuss the different ergonomic risk factors for low-back pain. (10 pts). 

 
8) A 35 years old male worker with an average fitness level and weighing 75 Kg carries out a 

task using the whole body, for which the average energy expenditure is estimated at 5.13 

Kcal/min.  This task is carried out for an 8 hours shift, including a 15 minutes break during 

morning, a 30 minutes break at lunchtime and a 15 minutes break during the afternoon.  The 

energy expenditure of this worker during the rest periods is 1.25 Kcal/min. Is this task 

acceptable?  Justify your answer with calculus. (15 pts) 
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Appendix 
 

Anthropometric data 
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Normal distribution table 

[z = (x – mean) / standard-deviation] 

 

 
p z p z p z p z

1 -2.33 26 -0.64 51 0.03 76 0.71
2 -2.05 27 -0.61 52 0.05 77 0.74
3 -1.88 28 -0.58 53 0.08 78 0.77
4 -1.75 29 -0.55 54 0.10 79 0.81
5 -1.64 30 -0.52 55 0.13 80 0.84
6 -1.55 31 -0.50 56 0.15 81 0.88
7 -1.48 32 -0.47 57 0.18 82 0.92
8 -1.41 33 -0.44 58 0.20 83 0.95
9 -1.34 34 -0.41 59 0.23 84 0.99

10 -1.28 35 -0.39 60 0.25 85 1.04
11 -1.23 36 -0.36 61 0.28 86 1.08
12 -1.18 37 -0.33 62 0.31 87 1.13
13 -1.13 38 -0.31 63 0.33 88 1.18
14 -1.08 39 -0.28 64 0.36 89 1.23
15 -1.04 40 -0.25 65 0.39 90 1.28
16 -0.99 41 -0.23 66 0.41 91 1.34
17 -0.95 42 -0.20 67 0.44 92 1.41
18 -0.92 43 -0.18 68 0.47 93 1.48
19 -0.88 44 -0.15 69 0.50 94 1.55
20 -0.84 45 -0.13 70 0.52 95 1.64
21 -0.81 46 -0.10 71 0.55 96 1.75
22 -0.77 47 -0.08 72 0.58 97 1.88
23 -0.74 48 -0.05 73 0.61 98 2.05
24 -0.71 49 -0.03 74 0.64 99 2.33
25 -0.67 50 0 75 0.67
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