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University of Saskatchewan 
Department of Mechanical Engineering 

ME 498 – Introduction to Fire Protection Engineering 
 

 
December 7, 2002   Final Exam    180 minutes 
 
 
150 Points Total 
 
Closed Book Exam - students are permitted to bring two 8.5” x 11” sheets (double-sided) into 
the exam for formulae and other information; no formulae or other information may be brought 
into the exam in the memory of programmable calculators or any other electronic storage device 
 
For numerical questions – please show all work in the space provided. 
For descriptive questions – please answer each question in a concise and clear fashion in the 
space provided. 
 
 

Question Total Marks Score 

1 30  

2 15  

3 15  

4 15  

5 15  

6 15  

7 15  

8 15  

9 15  

TOTAL 150  
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Question 1 (3 points each, 30 points total) 
 
a) What major change is planned for the next edition of Canada’s National Building Code?  

Identify one way in which this change is expected to affect fire protection engineering in 
Canada. 

 
 
 
 
 
 
 
 
 
 
 
 
 
b) Briefly describe two changes that were made at the World Trade Center as a result of the 

study of the 1993 evacuation of the twin towers, which helped to substantially increase the 
number of people who successfully evacuated these buildings on September 11, 2001. 

 
 
 
 
 
 
 
 
 
  
 
 
 
c) Identify two recommendations made by Dr. Kodur and the rest of the team that conducted 

the preliminary investigation of the collapse of the World Trade Center. 
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d) Identify two challenges in providing fire protection in big box retail stores, such as those that 

recently opened in the Preston Crossing complex. 
 
 
 
 
 
 
 
 
 
 
 
e) Briefly explain one way in which the Canadian Light Source synchrotron could be used to 

help investigate the performance of different materials in fire. 
 
 
 
 
 
 
 
 
 
 
f) Identify two strategies that could be used for smoke management in the atrium area of the 

Agriculture Building.  
 
 
 
 
 
 
 
 
 
 
g) Identify two of the major fire safety responsibilities of the Department of Health, Safety and 

Environment at the University of Saskatchewan. 
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h) Use the fire triangle to briefly describe the characteristics of materials that are at risk of 

undergoing spontaneous ignition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
i) Houses that are built today are better insulated than houses that were built 50 years ago.  

What effect will this have on the expected time to flashover in a room fire?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
j) In your opinion, what are the three most important things you learned during this course?   
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Question 2 
 
a) Calculate the adiabatic flame temperature of a stoichiometric mixture of methane and 

oxygen, initially at 25ºC, assuming that dissociation does not occur.   (10 points) 
 
b) How do you expect the adiabatic flame temperature calculated in part (a) to compare with: 

• the adiabatic flame temperature of a stoichiometric mixture of methane and air? 
• the actual flame temperature?       (5 points) 
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Question 3 
 
A test room used in ISO 9705 full-scale room fire tests is 2.4 m by 3.6 m by 2.4 m high with a 
single door 0.8 m by 2.0 m high.  A 100 kW fire is placed in the back corner of the test room as 
an ignition source.  The ambient temperature is 25ºC.  On the center of the ceiling of this test 
room is a sprinkler that has a temperature rating of 68ºC and a RTI of 100 m1/2s1/2. 
 
a) Calculate the activation time for this sprinkler if the ISO 9705 test is run using only the 

100 kW ignition source.        (10 points) 
 

b) Which sprinkler parameter is used to specify its time response?  If the activation time for the 
sprinkler in this question must be reduced by 50%, what must the value of this sprinkler 
parameter be changed to?        (5 points) 
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Question 4 
 
You have been asked to evaluate the fire performance of a piece of an unknown material, which 
is to be installed on the ceiling of a room.  Using the cone calorimeter, you find that this material 
will ignite in 20 s when subjected to a heat flux of 40 kW/m2.  Your measurements also indicate 
that the temperature on the surface of this material is 300°C at the time of ignition.  Further tests 
indicate the critical heat flux for this material is 10 kW/m2.   The ambient temperature in your 
laboratory is 20°C.  
 
You also find data from previous tests, in which the rate of flame spread was measured for a 
piece of oak, which has the same thickness as the unknown material, and which was installed in 
the same orientation as you will be testing this unknown material.  This data indicates that the 
flame spread rate for the piece of oak is 0.08 mm/s. 
   
a) What equipment can be used to measure the flame spread rating of the unknown material?  

(5 points) 
 

b) Based on the data from the cone calorimeter, and the previous test data for oak, estimate 
the rate of flame spread for the unknown material.  (10 points) 
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Question 5 
 
Firefighters are called to a fire in an industrial building.  When they arrive, they immediately 
begin to spray water on the outside of one wall of the burning building, which is 10 m high by 
50 m wide and completely covered in flames, which project 2.0 m away from the wall.  It can be 
assumed that the temperature of the flames on this wall is equal to a typical temperature in a 
compartment during a postflashover fire, and that the fire can be treated as a blackbody.   
 
In order to provide the maximum coverage with their hoses, the firefighters wish to stand as 
close as they can to the center of the base of this exterior wall.  However, even with protective 
clothing, the maximum heat flux that they can be subjected to is 14.0 kW/m2.   
 
a) Based on this criterion, how close should firefighters stand in front of the center of the base 

of the wall?         (10 points) 
 
b) How do you think that your answer in part (a) would compare to an estimate made by 

treating the fire as a point source?      (5 points) 
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Question 6 
 
a) 100 mm thick pieces of polymethylmethacrylate (PMMA) are often used when calibrating the 

cone calorimeter.  Estimate the temperature increase at the surface of a piece of PMMA, 
and at a depth of 10 mm, after a 280 s exposure to a heat flux of 40 kW/m2 in the cone 
calorimeter.  (10 points) 
 

b) Briefly explain how you could increase the accuracy of your estimate of the surface 
temperature. (5 points)    
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Question 7 
 
A hotel room is 4 m by 5 m by 2.5 m high, and has a single door, which is 0.7 m by 2.0 m high.  
The heat release rate density for this room is 500 kW/m2, while the fire load is 300 MJ/m2. 
 
Using an appropriate t2 design fire for this hotel room, sketch the heat release rate curve for the 
first 10 minutes of this fire, labeling the main stages of the fire.  Indicate the maximum heat 
release rate, and when the maximum heat release rate will be reached for this particular t2 fire.  

(15 points) 
 
 
 



 Name:   

 ID #:     

ME 478 Final Exam  Page 11 of 12

Question 8 
 
In one of our laboratory sessions, we saw a video of a fire test of a Christmas tree, which was 
conducted by NIST.  You wish to use fire protection engineering calculations in order to 
determine what will happen if a Christmas tree catches fire in a living room in a house.  This 
living room is 3 m by 5 m by 2.5 m high, with a single entrance that is 2.0 m by 2.0 m high.  
Assume that the walls and ceiling are lined with 16 mm thick gypsum plaster.  Assume that the 
heat release rate density and fire load are 500 kW/m2 and 300 MJ/m2, respectively.  The initial 
temperature in the room is 20°C and the fire duration is 10 min.  
 
Use an ultrafast t2 fire to represent the Christmas tree fire, and assume that the Christmas tree 
ignites 45 s after a fire starts in a garbage can located beside the tree.   
 
a) Estimate the time from the ignition of the garbage can until flashover occurs in the living 

room, using McCaffrey’s equation.       (10 points) 
 
b) Estimate the hot gas layer temperature in the living room 3 min. after the beginning of the 

garbage can fire.         (5 points) 
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Question 9 
 
An atrium is 15 m by 20 m by 10 m high.  The design fire for this building is a fast t2 fire in the 
middle of the atrium, at ground level.  The stated fire safety objective for this space is to prevent 
occupants from being subjected to smoke from the design fire (assume that a clear height of 
2 m above the floor level is necessary to prevent all occupants from being subjected to smoke).   
 
A detection model predicts that this fire will be detected 60 s after it begins, while based on 
evacuation studies, it is estimated that occupants will take 30 s to respond after fire detectors 
activate.  

 
The smoke control strategy for this space is to let the smoke from the fire fill the atrium, while 
the occupants leave the building.  For this strategy, what is the maximum permitted evacuation 
time for the atrium, in order to satisfy the stated fire safety objective?  (15 points) 
 












