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SUNNARY 

Tllis report presents an eyaluation or airtigllt doors and direct air 
supply Tor conventional wood burning rireplaces, in terms or tlleir 
ilbi1ft.y to remedy pressure-induced spillage problems. Tile report is one 
or a series or reports on remedial measures Tor combustion venting 
railures, prepared by tile Scanada-Slleltair Consortium Inc. on bellalr or 
CNflC, as part or a larger researcll proJect ent it led "Resident ia I 
Combustion Jlenting Failures - A Systems Approacll. " 

Tile installation or airtigllt doors witll direct air supply was seen as a 
promising remedial measure Tor two reasons. First, it eliminated tile 
rireplace as a powerrul exllaust device in a Ilouse, tllus avoiding spillage 
rrom otller cllimneys. Secondly, It eliminated tile potent ial ror spi 1/age 
rrom tile Tireplace during low burn, wilen Tireplaces are part icularly 
susceptible to backdrarting or spillage, tllus avoiding tile associated 
Ilealtll Ilazards and comrort problems. 

A Vancouver test Ilouse witll a Ilistory or rireplace spillage problems was 
used to evaluate tile perrormance or alrtigllt doors. A number or experts 
were consulted about tile optimum design Tor airtigllt doors, and in tile 
absence or any suitilble commercial doors Tor rireplaces, a customized 
door was manuractured locally. Tile leakilge area or tile door was tested 
using a depressurization ran, and compared witll leakage areas or 
conventional Tireplace doors. Temperature mapping was conducted witll a 
computerized data acquisition system. It recorded temperatures around 
tile fireplace opening as well as Inside tile rlrebox, rlue, and structural 
materials surrounding tile clllmney. Airrlows and temperature inside and 
ilround tile fireplilce were monitored berore and after installation or 
airtigllt doors, and under varying degrees of Ilouse depressurization. 

Special design considerations were required Tor airtigllt doors, including 
a ceramic-like glass and a Ileavier gauge steel Trame witll glass ribre 
gilsketing material. A Ileat excllanger was incorporated into tile door, to 
compensate for tile loss or radiated Ileat and to Ilelp in diss ipat ing Ileat 
built up in tile Tirebox. Tile optimum location ror combustion air supply 
was determined to be tile front or tile rire, blowing downwards or around 
tile glass. A retroritted asll-cleanout was reJected as an air supply 
route. Instead, combustion air was drawn rrom outside tnrougn tile bact 
of tile f'frebox, and directed to tile rront of tile rire by means or a duct 
beside tile Ileat excllanger. 

Tile installed cost or tile airtigllt doors witll direct air supply JIIas 16IJIJ. 
Tllis is not considered excessive In compilrison wltll conventional doors. 
It compilres well wltll tile mucll Iligller cost alternative or installing an 
airtlgllt fireplace insert and re-lining and insulating tile cllimney. 
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The installation procedure For airtight doors is documented with 
photographs. Oecisions were made to leaye the Fireplace damper 
operational and to use a single-damper system For combustion air 
employing a tight-Fitting piston design. Tests showed that the careFul 
sealing of the door Frame to the masonry was essential For proper 
operation, and tllat application of silicone sealant was needed prior to 
installing the door Frame. (Juestions raised about the durability of such 
11 sel11 could not iJe answered within the time-Frame of this pro./ect. 

The eFFect of airtight doors on the Fireplace was to increase the House 
Oepressurization LimU (pressure at which spillage occurs) From 8 Pascals 
to 22 Pascals when a strong Tire was burning. 

The ELA of conyentional doors was sllown to yary From 84 to 123 cm 2, in 
comparison with 14 cm 2 For the airtight doors. 

The possibility of increased Fire hazard aFter installing airtight doors 
was identiTied as a ma./or concern during the pro./ect. All proYincial 
Fire commissioners were contacted to assess the number of Fires related 
to Fireplace doors. EYidence was Found of Tireplace doors being 
Implicated in house Fires, although tile data was inconsistent and could 
not be used to establish whether doors increased or decreased the hazard. 
Recommendations From the Fire commissioner's oFFice (British Columbia) 
suggested that all Tireplaces with add-on doors meet tile latest code 
requirements. This is apparently impossible For most existin.CJ 
Fireplaces. An alternatiYe strategy, presented in this report, includes 
undersizing the combust7'on air, extract7'ng Ileat From the Fireplace with a 
heat exchanger, and a step-by-step procedure For determining combustion 
clearances in the Field prior to determining whether airtight doors 
should be installed. A limited amount of monitoring of the test 
Tireplace witll airtight doors indicated saFe temperature ranges For 
combustible materials next to the Tireplace chimney. 

BeFore wide-spread application of airtight doors is recommended, a 
Yariety of issues remain to be resolYed, especially tile durability of tile 
seal between the masonry and the door Frame, and potential For increased 
Fire hazard af"ter installat ion of airtight doors. 
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1.0 INTRODUCTION 

This report is one of a series of reports on remedial measures for 

combustion venting failures, prepared by the Scanada-Sheltair Consortium 

Inc. on behalf of CMHC, as part of a larger research project entitled 

"Residential Combustion Venting Failures - A Systems Approach." (Refer 

to Appendix 7 for an overview of the entire research project.) 

A fireplace is the source of two types of venting failures. Firstly as a 

powerful exhaust device it greatly increases the chance of spillage from 

other chimneys - such as a furnace or DHW heater. Secondly, as a 

combustion appliance, a fire place often operates at a weak draft, and 

can be caused to spill at back pressures as low as 2 and 3 Pascals. This 

research report describes a remedial measures for fireplaces that would 

correct or avoid both these types of venting failures. 

The measure consists of installing airtight ceramic doors with direct 

outdoor air supply on an open fire place. Although airtight doors for 

fireplaces are usually a costly retrofit, they were considered a high 

priority because they appear to be the only way to retain the fireplace 

while correcting venting problems. Moreover the use of truly airtight 

doors is currently rare, despite their promotion by some builders and 

fireplace supply outlets. Numerous issues remain to be resolved, such as 

fire safety, and the proper procedure for sizing, routing, installing and 

dampering the combustion air supply. 

Two primary objectives guided the research. The first was to develop 

guidelines for identifying houses and fireplaces where the installation 

of airtight doors can be considered a safe, acceptable, remedial measure. 

PAGE 1 INTRODUCTION 
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Special emphasis was placed on the need to avoid high temperatures and 

associated fire hazards. A second objective was to identify, through 

computer modeling and field research, the acceptable parameters of 

airtightness for doors, and the best procedures for installing direct air 

supply into a fireplace chamber for optimum performance. 
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2.0 RESEARCH METHOD 

2.1 Test House Selection 

One of 3 test houses rented in Vancouver by Sheltair for this project was 

used for detailed evaluation of the effectiveness and safety of fireplace 

doors with direct air supply. The test house was a 2 storey, wood frame 

building with a full basement and 230 m2 of living space. The fireplace 

1s located 1n the ground floor l1v1ng room, and is connected to an 

unlined exterior masonry chimney. The fireplace design, illustrated in 

Figure 1, is typical of many existing houses, although dimensions were 

slightly smaller that average. 

The existence of a frame wood wall at the mantle level permitted an 

evaluation of the fire safety issues. 

The house had a history of spillage and bacKdrafting problems with the 

fireplace due to competing exhaust devices and a tight house envelope. 

For these reasons the occupants had stopped using the fireplace ent1rely. 

2.2 Design Process 

To determine the optimum design for doors, discussions were conducted 

with manufactures of airtight doors, and local experts such as the 

WarnocK Hersey Testing Laboratories and the B.C. Fire Comm1ssioner's 

Office. From these sources data was collected on problems with airtight 

doors, and poss1ble solutions. 

Fire hazard concerns were also discussed with the technical consultants 

employed for th1s project, J. Gulland of Performance Woodburning, and M. 

HatziniKolas, Technical Director of Alberta Masonry Institute. Testing 

of the new safety doors was conducted in the company of the local f1re 

inspector, and special emphasis was given to evaluating fire safety. 
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2.3 Temperature Mapping 

Multiple type E thermocouples were used, in conjunction with a 

Sciemetrics Data Acquisition System, to monitor temperatures of the 

fireplace and surrounding materials on an IBM computer. Holes were 

drilled into the masonry, and thermocouples were inserted at different 

depths to measure temperatures of combustibles, and combustion gasses, 

while altering the configuration of the fireplace doors and air supply, 

and rate of burn. 

2.4 Lea~age Area of Doors 

A calibrated Retrotec door fan was used to determine the tightness of the 

door, firstly as installed by the manufacturer, and secondly as a tighter 

unit sealed to the facing bric~ with masonry silicone. The size of the 

combustion air was also measured using the calibrated door fan, although 

the small dimensions of these areas relative to the house, made the 

process of measuring difficult and time consuming. 

2.5 Determining Effectiveness 

To determine the degree to which the fireplace was isolated form the 

house, a Dwyer inclined manometer was used to measure draft in the hot 

fire box before and after sealing the frame, and with the door open and 

closed. At the same time the House Depressurization Limit for the 

fireplace doors was determined by causing bac~drafting or spillage under 

three different operating conditions: door closed and unsealed, door 

closed and sealed, and door wide open. 

2.6 Sizing of Combustion Air 

The sizing of the combustion air inta~e was to be calculated with 

assistance from FLUE SIMULATOR, a computer model for simulating the 

PAGE 5 RESEARCH METHOD 
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dynamic operation of combustion appliances and flues. Unfortunately the 

FLUE SIMULATOR fireplace module under development by Scanada was not yet 

completed to a point where such use was possible. Instead, the sizing 

was determined in consultation with the manufacturer, with the object of 

preventing very hot fires by minimizing the combustion air supply area. 

2.7 HD Limits for Conventional Doors 

ELA's of existing glass doors were determined to evaluate their effect on 

HD Limits for fireplaces. The leakage area of typical glass door was 

calculated from pressure data using the calibrated door fan. (The ELA, 

was also hand measured using a micrometer although this proved 

difficult.) Several shops selling conventional glass doors were visited 

and a number of doors were measured to determine the typical range of 

crack area for existing fireplace doors. The data collected on glass 

doors is presented in Table 3. 

2.8 Locating Combustion Air Supply 

Combustion air supply strategies were investigated by examining 

industrial practices, and by discussing options with the project's 

consultants. On this basis a number of design objectives were 

identified, and testing procedures proposed. Field evaluations are not 

completed since the computer module was considered essential in 

identifying the most workable strategies, and in generalizing from the 

test results to typical styles of fireplaces. 
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3.0 RESULTS: DESIGN 

3.1 Conventional Designs 

Conventional glass doors are usually bought for aesthetic and comfort 

reasons. Doors can bloc~ out unsightly remains of a fire and can reduce 

(slightly) the cold down drafts caused by poor fitting or warped chimney 

dampers. The glass is tempered and is rarely gas~eted to the frame. 

Lea~age around the glass panels on these doors is an intentional design, 

serving to constantly bath and cool the glass with room air. (Tight 

fitting doors have been ~nown to explode because restrictive fastening 

prevents expansion during a hot fire.) 

The door frames of conventional fireplace doors are made of light weight 

metal that will discolour and deform under high fireplace temperatures. 

When doors are shut, a large percentage of the heat is reflected bac~ to 

fire box, and the efficiency of heat transfer to the room is negligible. 

Sound and sight of the fire are also reduced. For the above reasons 

conventional doors are commonly only left open during a fire. (This 

might be a worthwhile recommendation for all owners of conventional glass 

doors.) 

3.2 Special Design Considerations 

If the fireplace door is designed to be airtight, radical changes are 

required to the materials and design. The glass must be ceramic, similar 

to airtight wood stoves; and the frame must be constructed from steel, 6 

mm or thic~er. Glass fiber gas~eting material must be used to seal the 

glass to the frame, while still allowing movement. 

The above attributes were found on several commercially available glass 

door units for fireplaces, designed for energy efficiency. The units 

typically combined highest quality ceramic glass doors with heat exchange 
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pipes that sit inside the fire box. However all commercial units examined 

were designed to allow air leakage above or below the glass door 

apparently to help keep the glass clean, and to use household air for 

draft and combustion. These holes did not suit the research objectives 

of isolating the fire from the house environment. 

3.3 Design Specification for the Test House 

Since no commercially available units could satisfy the research 

objectives, a special unit was designed and fabricated. Figure 2 

presents the design of unit. One of the manufacturers contacted during 

the investigations was particularly interested in the project, and 

offered to alter the design of his unit to suit research objectives. 

3.4 Heat Exchanger 

It was decided to include the heat exchanger portion of the unit to help 

1n dissipating heat build up in the fire box (rather than for the heat 

recovery purpose). The unit was built with a centrifugal fan to 

circulate room air through the exchanger, to accelerate heat transfer. 

3.5 Combustion Air 

The manufacturer was particularly interested in the idea of an outdoor 

air supply, and assisted in the design along with the project's 

consultants. It was determined that an optimum location for a combustion 

air supply would accomplish some or all of the following: 

prevent blow back when the door was opened for feeding the fire; 

avoid obstructing installation of fireplace doors; 

prevent the air supply duct from reversing, and becoming a second 

chimney due to heat transfer and vertical placement of ducts; and 
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FIGURE 2: Schematic of Glass Door/Exchanger Unit (Manufactured by F.P. 

Decors Ltd.) 
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minimize the chance of hot embers being drawn outside. in the event 

of downdrafts or low pressure at the inlet due to wind loading 

around the building. 

It was concluded that the best location to supply combustion air was to 

the front of the fire. blowing downwards. Hot embers would be least 

affected by this location. It would be difficult for embers to be 

entrained by a bac~drafting inlet and embers would not naturally be blown 

towards the door if it were open. For ease of installation. the air duct 

needed to be designed so as to avoid obstructing the installation of the 

fireplace door unit. Because most airtight doors are li~ely to 

incorporate heat exchangers. the duct requires either a low profile. or a 

routing along the side of the fire box. There were two basic choices for 

supplying combustion air to the fireplace. 

3.5.1 Option 1: Ash Clean-out 

Option one was to use the existing ash clean out. A prefabricated metal 

liner would fit into the clean out and direct the combustion air out to 

the front of the fire box. Dampers controlled from the front of the 

glass doors would be designed into the unit. A commercially available 

unit. the Ram-air. has been designed along these lines and is presented 

in Figure 3. 

The disadvantage of this design was that the air could not be supplied so 

as to blow downwards at the front of the fire. Also. it could be 

difficult to install under the heat exchanger given a clearance of only 

40 mm. 

3.5.2 Option 2: Through the Wall 

A second option was to adapt the door unit so that combustion air could 

be drawn from outside through the bac~ of the fire box, and directed to 
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Air : 

FIGURE 3: Diagram of Ram-Air (From H. Morstead, "Fireplace Technology in 

an Energy Efficient World." 
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the front of the fire by means of a duct beside the heat exchanger. A 

channel along the front of the unit would effectively supply air along 

the entire front of the fire. A tight fitting damper, with a control 

cable at the lower front of the unit, provides control over the Quantity 

of combustion air entering the fire box. 

A schematic of this combustion air supply design can be seen in Figure 4. 

This was the design selected for evaluation. 

The fireplace module of FLUE SIMULATOR was not available to determine the 

optimum size of a combustion air duct into the fireplace. Given 

clearances to combustibles, height of chimney, size of fire box, and 

measured ELA of fireplace doors, the module should allow us to choose a 

safe and effective combustion air duct size for any fireplace. If safety 

requirements demand a size that can not keep a fire burning properly, 

then the remedial measure of airtight door with direct combustion air 

supply should be abandoned. 

In consultation with the manufacturer, it was decided to use a combustion 

air duct with a 75 mm diameter. This single duct was intended to provide 

all the combustion and draft air requirements. The small size of the 

duct was intended to prevent the burning of excessively hot fires. 

3.6 Draft Air 

There may be a need to uncouple the fire box from the effects of wind. 

Winds blowing down the chimney can create a fire hazard if the door is 

open or if the embers are forced out the combustion air duct. Winds 

blowing across the top of the chimney can create excessive draft in the 

chimney. Reports of such problems were documented during the design 

phase of this research. 
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FIGURE 4: Glass Door Unit Showing Combustion Air Supply 
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Scanada Consultants have suggested that fireplaces could be designed with 

a draft air inlet, to operate in a similar manner to gas furnaces. A 

separate dilution air opening from the outdoors located above the fire 

box, could uncouple the fire from the chimney. A possible design for such 

a dilution air inlet can be found in Figure 5. 

If dilution air were introduced in the critical area below the throat of 

the fire box, temperatures of combustion exhaust may also be reduced, for 

improved fire safety. In conventional fireplaces, much of the excess 

draft air passes up the front face of the flue liner, helping to keep 

masonry cooler in the region closest to the wood header. A draft air 

inlet could be designed to perform the same task, using outdoor air. 

3.7 Cost 

Cost comparisons for conventional glass doors and for airtight doors are 

detailed in Table 1. The final cost of the airtight doors with direct 

air supply remedial measure came to $600.00 installed (not including the 

fan heat recovery option). Photos of the installed unit can be seen in 

Appendix 4. The unit is aesthetically pleasing, especially with the 

large viewing door. The cost of the airtight door option is only 

marginally more expensive than a set of conventional glass doors in 

Table 1. In fact, when compared to higher cost conventional doors, there 

may be no difference in price. The added benefits of improved energy 

efficiency and improved venting, should make the airtight doors a 

preferred investment. There is a difficulty in obtaining the product, 

and in finding a competent installer. A better alternative to installing 

an airtight door may be the installation of an airtight insert, in 

combination with relining and insulating the chimney. It is estimated, 

however, that an insert and liner will entail costs of close to $2,000, 

more than 3 times the value of airtight doors. 
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Table 1 

COST BREAKDOWN OF FIREPLACE DOORS 

Item 

Standard Glass 
Doors 

Ceramic Doors 

Installation of 
Doors 

Installation of 
Outdoor Air 
Supply 

Options 

Decorative Finish 
Heat Exchanger 
Fan 

Decorative Finish 
Heat Exchanger 
Outdoor Air Supply 
fan 
Insulated Face 

Retail 
Low 

150 

400 
150 

50 
150 

25 

50 

100 

Cost (S}'" 
Hlgh 

450 

550 
150 

50 
150 

25 

125 

200 

'" Approximates based on discussions with local suppliers. 
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4.0 RESULTS: FIREPLACE SAFETY 

4.1 fire Hazard 

Airtight doors trap heat in the fire box, while at the same time slowing 

down the movement of heat out the chimney. The combined effect is to 

raise throat temperatures dramatically, creating a potential fire hazard 

if clearance to combustibles is inadequate. 

4.2 House fires Caused by Glass Doors 

Data has been collected from the Fire Commissioner's Office of B.C., and 

1s included as Appendix 3: Origin and Cause of Fires Due to Burning Solid 

Fuel in B.C. (for the year 1985). These statistics clearly document the 

problem. The Fire Commissioner's Office estimates their are 600 fires 

related to burning solid fuel in B.C. each year. This figure is on the 

rise in B.C., a province with an abundance of fireplaces and fire wood. 

(The number of fireplaces in B.C. is twice the national average.) The 

use of B.C. data was convenient for this project, although it may not 

be representative of other regions in Canada. Requests for data on 

fires in other provinces has produced data on Alberta and N.W.T., as well 

as Canadian Government buildings. (This data is summarized in 

Appendix 1, but is not as specific as B.C. data for cause of fire.) 

The data supplied to Sheltair described 109 fires in B.C. reported by 

insurance companies. The insurance companies had been requested by the 

Fire Commissioner's Offic: to submit copies of damage reports on house 

fires attributed to burning solid fuels during 1985. Fourteen (14) of 

those house fires were caused by masonry fireplaces with glass doors. 

Eight (8) of the fourteen fires were due to inadequate clearance to 

combustibles. As an example, Reference 37 lists the origin and cause of 
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the fire as "Behind masonry on face of F.P. just above throat. Heat 

conducted through masonry units to the header which had inadequate 

clearances." 

4.3 Code Requirements for Clearance to Combustibles 

The Fire Commissioner's Office describes what it considers to be adequate 

clearance as 'The shortest distance from the combustible 2 x 6 inch 

double header to a heated unlined surface should be not less than 7 1/2 

inches of solid masonry with all jOints and voids completely mortar 

filled, plus the clearance' (Appendix 2, In Fire Mation). However, 

individuals who we consulted with at the Fire Commissioner's Office, 

Param-jit Seran and Bob Thompson, were of the opinion that no EXISTING 

fireplaces could meet the requirement. 

The contradiction lies in the fact that glass doors and exchangers can 

be installed without a permit or inspection, unlike fireplace inserts, 

even though they present an equal fire hazard. At present glass doors 

and exchangers are not required to meet any codes of performance. 

In Fire Mation gave us a clear grasp of the problem, but did not describe 

how to determine whether an existing fireplace had adequate clearance. 

Without a workable procedure for locating combustible materials above the 

fire box, the recommendations and standards for existing houses become an 

academic issue. 

It is now apparent that the first part of a procedure for properly 

installing airtight doors, should be precise determination of the 

fireplace header location and frame walls, where they exist. 

Ostensibly the existing building codes and the latest draft of CSA A40S 

Draft Standard, Design and Construction of Masonry Chimneys and 

Fireplaces, prevent new fireplaces from being built with inadequate 
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clearance. (The above Standard can be found in Appendix 2). However, 

there have been both inspection and interpretation problems in B.C. that 

are documented in In Fire Mation and suggest that there are still 

ffreplaces being built with inadequate clearances. 

4.4 Reducing Fire Hazard 1n Test House 

The test fireplace was a typical existing fireplace,and consequently had 

only 5 inches between the unlined chimney and the combustible header. 

This is usually the case for masonry flues, regardless of whether the 

flue is lined, since the lining typically begins above the header 

location. 

Rather than reject the fireplace as a candidate for airtight doors, two 

strategies were adopted to reduce the fire hazard: 

1. The first strategy was to undersize the combustion air, there by 

limiting the rate of burn, and limiting the maximum temperatures in 

the throat. (This strategy assumes that the unit would only be 

operated with the door closed.) 

2. The second strategy was to rely to extract heat from the fireplace, 

and thereby reduce throat temperatures. 

4.5 Determining Combustion Clearances in the Field 

To determine the location of combustibles, the installers of the insert 

were asked to drill a number of probe holes into the front facing of the 

masonry fireplace. Some simple deductions helped to determine where the 

top of the fireplace header might be located. 
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Headers over the windows in the house were 10 inches, so it was assumed 

that the same size of header would exist over the fireplace. 

Drilling holes and noting the change of material that was being drilled 

through by feel and by examining the bore debris enabled the exact 

location of the bottom of the header to be found. Holes were drilled 

with an extended 9.5 mm masonry bit on a standard drill. The holes 

drilled diagonally, under the header, or directly through the mortar 

between bricks. The damage was slight and easily repaired, and the holes 

were completed Quickly. 

A careful examination of the inside of the chimney enough data to be able 

to draw an accurate schematic of the fireplace. Figure 7 is the result 

of this examination. It was considered a time-consuming and somewhat 

demanding task but well within the capabilities of the installers. 

Measuring from the back to the front of the fire box, and subtracting the 

width of the flue, provides a dimension from the face of the fireplace to 

the unlined flue. 

4.6 Temperature Monitoring 

The drill holes made it possible to insert thermocouples into the masonry 

to monitor temperatures during typical fires. Graph 2, shows a run 

during start-up of the fire. Graph 3, shows a run when the fire had time 

to reach peak temperatures. Both Graphs can be compared with temperature 

runs before the airtight doors were installed in Graph 1. After 3 hours 

of continuous burning, the temperature of the header nearest the unlined 

chimney had reached 30°C. 
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Monitoring of temperatures over the short term (2 to 3 hours) suggested 

that the potential for fire hazard was not increased by causing the 

fireplace to backdraft, or by plugging the combustion air intake. Graphs 

4 and 5 present temperature profiles for each of the above conditions. 

In both cases temperatures at the throat of the fire box dropped off 

radically. 
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5.0 RESULTS: INSTALLATION 

Installation of the fireplace doors and air supply was completed by two 

men in a period of approximate 3 hours. Time requirements would have 

been reduced (possibly by up to 50%) without the extra work required for 

recording the procedures, and checking for combustibles. The 

installation procedure is documented in stages with photographs in 

Appendix 4. 

5.1 Damper Operation 

The fireplace in the test house was particularly small, which meant that 

the location and installation of combustion air needed to be carefully 

planned. The installers commented that their usual practice is to 

permanently fit open the chimney damper as part of the installation. 

This, they felt necessary to prevent operation of the fireplace with 

damper closed. However, with very tight doors, the use of a chimney 

damper would not cause problems, other than causing the fire to burn less 

vigorously. Consequently it was decided to leave the damper operational. 

An operational damper offers the advantage of preventing convective 

currents from cooling the fire box and glass door in colder weather. 

6.2 Heat Loss Concerns 

Consultants to this project expressed concerns about heat loss from 

fireplaces and the problem with the door frosting up during very cold 

outdoor temperatures. The Hatzinikolas report included in Appendix 5 

describes an airtight chimney top damper and a combustion air duct that 

has both an inside and an outside damper. The intention of these two 

items is to reduce heat loss from a fireplace and prevent frosting of the 

doors. 
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A double damper system for the combustion air intake was purchased from 

Mr Hatzinikolas for installation and testing with the airtight doors. 

This system was not used for the test fireplace, however, since it was 

felt that a double damper system is not warranted in Vancouver where the 

design heat loss is only -7°C. 

Even if the test unit was installed in a much colder climate it is 

probable that the Hatzinikolas double dampers would not be required. The 

fireplace door used in the Hatzinikolas study was not airtight. The 

addition of the airtight door and the continued use of the damper made 

the dynamics of the system different. The single damper system employed 

in the test house is a tight fitting piston design and does not allow air 

entry when shut off, nor does it freeze shut in ways that would damage 

the components or restrict operation. 

The combination of airtight doors and an operational chimney damper would 

presumably minimize convection currents in the chimney during standby 

conditions (although this is hypothetical at present). 

5.3 Sealing the Door to the Masonry 

The installers used R-20 fiberglass insulation to fill the space between 

the back of the door frame and the facing brick. This is common 

installation practice. However, the fiberglass was found to be extremely 

leaky when examined with a smoke pencil during house depressurization. 

Depressurization, of the house to 20 Pascals caused heavy smoke spillage 

around the doors, especially around the bricks and along the lower edge. 

The door frame was sealed to the facing brick using a grey masonry 

silicone. It was impossible to seal a small portion of the door that was 

unaccessible because of the installation of a recirculating fan on the 

front of the doors. A better approach appeared to be to apply sealant 

just before final installation of the unit. 
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An attempt was made to measure the reduction in leakage area resulting 

from sealing the door frame, but the door fan was unable to detect a 

significant change. 

Although the silicone produced a tight seal between steel and masonry, it 

is not certain that the seal will be maintained over the longer term. 

Some installers have reported problems with seals breaking due to thermal 

stress and movements, and have even claimed that a durable seal around 

fireplace doors is impossible. 
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6.0 RESULTS: BACKDRAFT AND SPILLAGE SAFETY 

6.1 HD Limits 

The effect of airtight doors on HD Limits for fireplaces is directly 

related to the leakage area of the doors. It was originally thought that 

the ELA for the door would only determine the Quantity of spillage into 

the house, and not the pressures at which the fireplace spilled. 

However, the effect of placing doors on the fireplace opening, and 

limiting the combustion air supply, was to greatly increase draft in the 

chimney. 

Table 2 lists the pressures measured in the fire box with the airtight 

door both closed and open. The effect of airtight doors was to increase 

the HD Limit for the fireplace from 8 Pascals to 22 Pascals at a high 

burn rate. HD Limits were not tested at lower burn rates. 

Table 2 

MEASURED PRESSURED IN TEST HOUSE FIREPLACE 

DOOR CLOSED 
Combustion Air Open 

DOOR OPEN 
Combustion Air Open 

Measured Draft 

25 Pa 

8 - 10 Pa 

HD Limit 

22 Pa 

8 Pa 

* Pressure at which spillage was observed 

6.2 Dilution Air 

Introducing an outdoor dilution air inlet in the fireplace may eliminate 

the gains in chimney draft achieved by closing off the fireplace opening. 

It may then be appropriate to specify a maximum ELA for airtight doors 

that would represent the allowable Quantity of spillage into the house 

under worse case house depressurization. 
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6.3 ElA's of Conventional Doors 

Table 3 gives a range of ELA's for typical semi-airtight doors. The test 

door unit No.1 was tested with depressurization apparatus. Test unit No. 

1 was a new, tight set of doors in an R2000 house. The remaining units 

were measured with a micrometer (using a flexible gap filler for 

overlapping cracks). These measurements required over one hour per set 

of doors. Although the ELA's vary, it is obvious why most of these doors 

- especially older, used doors - do not give any degree of protection, 

either in terms of HD Limits or in terms of quantity of spillage. 

Further work is still required to specify maximum ELA's for airtight 

doors. 

NOTE: 

Table 3 

RANGE OF ELA'S FOR TYPICAL AIRTIGHT DOORS 

Description 

New Bifold 

Used Bifold 

Used 2-Door 

Measured ELA 

New Extra Ti~ht 
Energy Efficlent 
Doors 

84.0 

123.8 

95.7 

14.0 

Measured with a micrometer 
Measured with a door fan 

cm 2 * 

cm 2 * 

cm 2 * 

cm 2 ** 

3 Pa = Indoor Pressure minus chimney draft 

Estimated S~illage 
Flow in to ouse @ 

3 Pa {L/s)*** 

9 

14 

11 

2 

Refer to Appendix 6, for description and schematic of fireplace 
doors measured with a micrometer. 

As doors become tighter, two phenomenon occur which are likely to 

contribute to improved performance. Firstly, the reduced flow of draft 

air keeps the chimney warmer, prolonging the period during which the 

chimney can withstand house depressurization. Thus the tighter doors 

help to minimize spillage duration at the end of the burn cycle. 
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Secondly, the tighter doors offer less area for combustion gas flow, and 

thereby reduce the quantity of spillage that will occur for a given level 

of house depressurization. Further analysis of the ELA values that 

affect fireplace door performance will be conducted when the FLUE 

SIMULATOR fireplace module is available to account for the dynamic 

features of fireplace operation. 

6.4 Operating Against a Backdraft 

Graph 5, shows the effect on fireplace throat temperatures when the 

fireplace is operated as the house is depressurized. The effect is to 

slow down the exhaust of combustion gases to the point where it restricts 

the burning efficiency of the fireplace. As the fire cools, the draft in 

the chimney is reduced causing the fireplace to spill at lower house 

pressures. The pressures required to create a stall condition were 

extremely high (22 Pascals). A similar effect to the stall was caused by 

plugging the combustion air inlet which can be seen in Graph 4. 
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7.0 CONCLUSIONS 

The airtight door with direct air supply remedial measure was effective 

at isolating the fire from house depressurization. The effective HD 

Limit increased from 3 to over 20 Pascals. 

It is too early to say whether the installation does not increase the 

fire hazard. If the data of an evenings monitoring had not been lost the 

results might have been conclusive. After 3 hours of hot burn, 

temperatures at the header only increased 10 Celsius. 

The tightness of the installation was not adequate until the frame was 

sealed with silicone to the brick facing. The durability of this type of 

seal has been questioned, and longer-term evaluations are required before 

the effectiveness of the doors is known. 

For the test house, an outlay of $600 to transform the fireplace into a 

useful, safe, aesthetically pleasing heating system seemed to be a good 

investment for those who are determined to use a fireplace. The 

homeowners are enjoying the installation. Although the unit may result 

in overheating of some houses on warmer days, this was not the case in 

the test house. 

The combustion air duct and damper control worked well at controlling the 

burn rate of the fire. It appeared to be an easy installation, adding 

one half hour to the total installation time. 

The issue of fire safety remains paramount. Fire safety concerns will 

need to be resolved before recommending the installation of airtight or 

(even semi-airtight) doors on to an existing masonry fireplaces. A 

number of questions have be raised by this research: 
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Is it possible to reach a consensus on more lenient (and practical) 

clearance requirements for existing fireplaces? 

Is there a need for codes and inspection requirements for the 

installation of glass doors on existing fireplaces? 

Who should be responsible for developing and promoting improved 

procedures for checking combustibles and flue liners prior to 

installation of fireplace doors? 

Is controlling the rate of burn. by carefully sizing the combustion air 

supply. a safe strategy for avoiding higher temperatures? 

Would the installation of a permanent temperature or smoke alarm give 

occupants an appropriate warning system or significantly add to fire 

safety? 

Do airtight doors and reductions in combustion air supply produce much 

additional creosote? And does the creosote significantly increase 

potential for dangerous chimney fires? 
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Labour 
Canada 

Ottawa. Ontario 
K1A OJ2 

29 August 1986 

Travail 
Canada 

Ottawa (Ontario) 
K1A OJ2 

Mr. Sebastian Moffatt 
Sheltair Scientific Ltd. 
3661 West 4th Avenue 
VANCOUVER, British Columbia 
V6R 1P1 

Dear Mr. Moffatt: 

Our File 
0862-2 

SEP 9 1986 

This is in response to your letter of July 31, 1986 requesting 
information in regard to fires involving the use of solid fuel 
appliances in houses, particularly fires related to the operation of 
a fireplace with fireplace doors. 

This office does collate statistics from the various provincial fire 
marshals and fire commissioners. The statistics received at this 
office, however are very general and are not usually 
cross-referenced. For example, we would have listings on how many 
fires had occurred in residences and how many fires had occurred 1n 
solid fuel appliances, but we would not have a record of fires 
occurring in solid fuel burning appliances in residences. For this 
reason, the information that we can provide to you is limited. If 
you were to contact one or more of the provinces in regards to more 
specific statistics, they may be able to provide you with the detail 
you require. Attached please find a list of the mailing addresses of 
the provincial fire marshals/fire commissioners. 

Also attached are copies of Table 5 - Source or Ignition in Relation 
to Fuel or Energy, extracted from the "Supplement to Report of Fire 
Losses in Government of Canada Properties" for the years 1981 through 
to 1984. This publication relates to Federal government properties 
only. In Table 5, you will note the cross-reference made between 
such categories as fireplaces (item 15) and type of fuel. 

• • • 2 

Canada Its our year! 
in mofion...in IOuCh 

',..t. I-_C_e_st_n_o--:-tre_a_n_n:--ee~! 
~ enmowement_au~ 



- 2 -

In response to your question regarding safe, practical guidelines for 
installing airtight doors in fireplaces, it would be best if you 
directed this question to the various fire and safety councils in 
Canada, namely Underwriter's Laboratories of Canada, Canadian 
Standards Association, and Warnock Hersey. Their mailing addresses 
are attached. 

I hope that this reply has been satisfactory. Should you have a 
requirement for further information in regards to this project or any 
other, please do not hesitate to contact this office again. 

Yours truly, 

R.. .. / /~>----
Ronald M. Horrocks 
Director General, Fire Prevention and 

Fire Commissioner of Canada 

Attach. 
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FILE: 82 .. 33-2 

e~ AUG 2 1 1986 

Northwest 
Territories Justice 

Safety Division 
Office of the Fire Marshal 

Mr. Sebastian Moffatt 
Sheltair Scientific Ltd. 
3661 West 4th Avenue 
Vancouver, B. C. 
V6R 1P1 

Dear Mr. Moffat: 

August 14, 1986 

Regarding your letter of July 21, 1986 concerning venting failures. 
To this date, this has not been a problem in the Northwest Territories 
(NWT) and cannot relate to any fires involving fire places. All of 
the fires which have occurred involving solid fuel fired appliances have 
been caused by lack of maintenance or improper installation. 

LDM/leb 

Yours truly, 

~7t1CIPP~ 
L. D. MCPHEE 
FIRE MARSHAL 



Alb?lra 
LABOUR 

General Safety Services Division 
Fire Prevention Branch 

7th Floor. 10808 • 99 Avenue. Edmonton. Alberta. Canada TSK OG2 403/427·8392 

1986.08.28 

Sheltair Scientific Ltd., 
Suite 2, 3661 West 4th Avenue 
Vancouver, B.C. 
V6R 1 P7 

Attn: Sebastian Moffatt 

Dear Mr. Moffatt: 

5788-18 

In response to your letter of July 31, 1986, we are pleased to provide you 
with information on fireplaces and chimneys. You will note from the 
attached list of fires from 1983, 1984 and 1985, that there appear to be 
a number of causes related to fireplace fires. Unfortunately, our fire 
loss statistical system does not indicate those fireplaces that may be 
equipped with doors although it is obvious from some of the causes that 
doors were not provided or they' were open at the time of the incident. 

If you feel we can assist you further, please let me know. 

Sincerely, 

~ /;'C-? 
/ W.O. MacKay 

Fire CommisSioner 

WDM/gg/23 
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RESIDENTIAL COMBUSTION VENTING FAILURES 

A SYSTEMS APPROACH 

PROJECT 5: 

REMEDIAL MEASURES FOR WOOD-BURNING FIREPLACES: 
AIRTIGHT DOORS WITH DIRECT AIR SUPPLY 

APPENDIX 2 

IN FIRE MATION 
OFFICIAL BULLETIN OF THE FIRE COMMISSIONER, 

BRITISH COLUMBIA 

Prepared for: 
The Research Division 

Policy Development and Research Sector 
Canada Mortgage and Housing Corporation 

Prepared by: 
Scanada Sheltair Consortium 

January, 1987 
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APPENDIX 2 

N FIRE MA1"ION 
OFFICIAL BULLETIN OF THE FIRE COMMISSIONER. BRIT:SH COLUMBIA 

Province of 
British Columbia 

VOL 5-84 SEPTEMBER/OCTOBER 198J 

Better Fireplace Inspections Required 
Too many masonry fireplaces are constructed in an unsafe manner, and all too often 
building inspectors are approving them even though they do not conform to the 
building code. We touched on this subject in our January/February 1984 issue but 
we believe the problem is severe enough to warrant elaboration. 

last winter, we were investigating the frequency of fires originating just above the 
"openings" of masonry fireplaces which had been closed off by the installation of 
fireplace inserts, heat exchanger units or simply, glass doors alone. The common 
denominator in those fires was the point of origin - combustibles (plywood sheat~ing 
and studs) that were in contact with the masonry of the fireplace/chimney. The age 
of the fireplaces involved varled from 15 years to 5 years. 

That prompted inspections of about 10 fireplaces under construction in various 
locations. The general construction was very similar in most of them. They were all 
fireplaces on an external wall and the typical construction was as shown in Figure 1. 
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COf!1pare Figure 1 ~ith Figure 2 whi~h is ta~en from "Fireplace Report", an in'dustry 
gUlde for the deslgn and constructlon of flreplaces and chimneys Published by the 
Al~erta Masonr~ Ins~itu~e. Note the differences between Figures 1 and 2. The 
major shOrtcomlngs 1n Flgure 1 are: 
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(~) Plywood sheathing which forms part of the outside wall, is in direct con:a~t with 
the chimney's masonry blocks. Building code requires a rr.inimum of 1/2" clearance. 

(2) The thickness of masonry in the smoke chamber (the portion above the throat up to 
the beginning of the tile liner) is only 4". The building code requires 7-1:2" 
of solid masonry. 
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Solid Fuel Problems 

The cold spell that we had in December 
brought to light more fires related to 
the use of solid-fuel burning appliances. 
The nature of these fires, although not 
new, does support what we have believed 
and publicized over the last few years, 
i.e. if you close off the front of your 
masonry fireplace, temperature in the 
fireplace and the lower portion of the 
chimney can get high enough to ignite 
combustibles located above the fireplace 
opening. In most instances these com­
bustibles - usually the header, framing 
members and plywood sheathing - are 
concealed by a decorative brick wall Or 
panell ing. 

Let's take a closer look at three 
specific fires, all of which occurred tn 
December 1983. The point of origin in 
all three cases was concealed combust­
ibles above the fireplace, and in all 
instances there did not appear to be any 
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clearance between the sheathing and the chimney. These 
There were several other similar incidents that occurred 

are only three incidents. 
in December. 
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Various methods are then discussed in the book to avoid the guesswork. These 
deficiencies may not create fires immediately, but as creosote accumulates in tne 
smoke cnamcer and eventually ignites, all we have between the combusti~le framing 
and a chimney fire, producing temperatures up to 22000 F, is 4 inches of masonry! 

The orob1em is magnified several times when a fireplace insert or other device, 
which closes off tne fireplace opening, is installed. 

In the lnteres: Jf fire safety. the Fire Commissioner'S Office is making the follow­
ing recommendations: 

(1) Building insoectors inspect new masonry fireplace installations ~ery closely to 
ensure they comply with the building code. 

(2) Masons and bricklayers who build fireplaces should be informed of these problems 
by local building or fire officials, so that they can improve their work. For a 
nominal extra expense a person is better off eliminating combustibles for the 
full width of the fireplace. The combustible framing will then be as shown in 
Figure 4 as opposed to the more traditional Figure 5 where the firebox backs 
through the wall. 

Figure 5 ---. 

.(3) Dealers and distrib~tors of fireplace inserts, heat exchangers with glass doors, 
or other such devices should be advised so that they could inform prospective 
customers. Installation of a fireplace insert or other similar appliance is 
only safe if it is installed in a fireplace that conforms to the building code. 
bec3use the test structures used by the testing laboratories for such appliances 
conform to the building code. At one stage. it was suggested to ULC to modify 
the test structure to reflect field conditions (i.e. fireplaces constructed like 
Figure 1) but the response of the ULC-S600 standards writing committee was that 
nothing will pass in a fireplace constructed as in Figure 1. Several committee 
members were highly critical of "the sloppy fireplace inspections in British 
Columbia". The criticism was difficult to accept but they did have a point - you 
can't go on making the standard for fireplace inse~ts more and more restrictive 
to compensate for poor fireplace construction. 

(4) People who have existing installations of fireplace inserts, heat exchangers and 
tight fitting glass doors in their fireplaces should inspect their fireplaces and 
make the necessary modifications if they find that their fireplaces are similar 
to our Figure 1 •. If modifications to the masonry fireplace is not a viable 

\ alternative, they should remove the fireplace insert or at least refrain from 
using it. 

* * * * • 
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Solid Fuel Problems 

The cold spell that we had in Oecember 
brought to light more fires related to 
the use of solid-fuel burning appliances. 
The nature of these fires, although not 
new, does support what we have believed 
and publicized over the last few years, 
i.e. if you close off the front of your 
masonry fireplace, temperature in the 
fireplace and the lower portion of the 
chimney can get high enough to ignite 
combustibles located above the fireplace 
opening. In most instances these com­
bustibles - usually the header, framing 
members and plywood sheathing - are 
concealed by a decorative brick wall or 
panelling. 

Let's take a closer look at three 
specific fires, all of which occurred In 
December 1983. The point of origin in 
all three cases was concealed combust­
ibles above the fireplace, and in all 
instances there did not appear to be any 
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clearance between the sheathing and the cnimney. These are only three 
Therewereseveral other similar incidents that occurred in December. 

incidents. 

Photo 1 This incident took place 
in Richmond on December 7, 1983. 
The fireplace insert had been 
installed approximately 4 years 
ago. The unit was purchased 
second hand and therefore no 
installation instructions were 
available to the present owner. 
The unit was listed by ULI (American) 
and required 33 inches clearance 
between the top of the insert and 
any combustibles - visible or 
concealed. This clearance apparently 
was not met. In addition, the unit 
was modified by the addition of a 
baffle plate which accorclin!l to the 
owner brought the heat forward. The 
unit did not use a flue connector 
but the ULI standard did not require 
one anyway. The Underwriters' 
Laboratories of Canada standard for 
fireplace inserts presently requires 
a flue connector to direct flue gases 
into the chimney. 

(con't) 
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Photo 3 This incident involved -+ 
glass doors fitted to a heat 
circulating masonry fireplace. 
The fireplace was built 5 years 
ago and the glass doors were 
fitted 2 years ago when the 
present owner bouaht the house. 
Here again, it didn't appear as 
if there was any clearance 
between the chimney and the 
sheathing. 
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-Photo 2 This case occurred in 
Prince George on December 18. 1983. 
A heat exchanger unit with glass 
doors (manufacturer calls it a 
converter furnace) was installed a 
year ago into a masonry fireplace 
that was built 15 years ago. The 
unit was listed by Warnock Hersey 
Professional Services Ltd. 
Clearance between the sheathing 
and the chimney appeared to be 
almost nil and insulation between 
the sheathing and panelling might 
have compounded the problem by 
restricting the dissipation of 
heat. 

The following building code references nave relevance to this problem: 

'.21.6.1. The clea .. "". beew •• " _0"". 0' toM'''' chjmuy. and comb ... "bl, 
framinl ,hall be nol leu lhan 50 mm for inlerior cloUrvvy. and 12 mm for ulenor 
ch,m"'),J. 

'.21.6 ••• Floorinl lhall have _Ina Ilia •• 12_ durance flOfll _o",y 0' 
eOlle,,11 e"'-ys. 

'.12.'.2. The IhicltllCll or malOn" _alii lUmNSldini lhe lmokc chamber Ihall 
be aileul II)' mm allhe "dn, fronl and back, UCCpllhallhe ponlOn, of Ihc back 
csposcd 10 I". ollu.de ma~ be 140 mm Ihick. 

'.22.'... AI leasl a 50 mm clearance ,hall be proYidcd betwee" tile back and 
lidn of the smoke chamocr 01 a 6rcplacc and toNWI,bl. Irami"I, caccpl lhal a 
2.S mm clearance is pcnnillcd where IIIc 6replecc illocated III an utenor , ... 11. 

The problem may stem from the use of the words "combustible framing" in 9.21.6.1. 
Jim Currie. Director of the Building Standards Branch. has reviewed the require­
ments and interprets sheathing to be part of the "framing" as used in the code. 
He points out that 9.21.6.4. implies that 12 mm clearance to be a bare minimum 
between any combustibles and a chimney. 

(con't) 
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In some instances the framing comes too far down. In many others, the flue liner 
does not come down far enough, resulting in a smoke chamber that may be as high 
as 3 feet. This type of construction usually leaves only 4" of masonry between 
the flue gases and the sheathing. Sentence 9.22.7.2. requires masonry at least 
190 11m (7-1/2") thick in the front of the smoke shelf, in addition to the 1/2" 
clearance discussed earlier. Sentence 9.22.9.4. might imply the necessity for 
more than the 1/2" clearance. 

The problem does require further study but in the meantime it is quite clear 
that the area above the fireplace is very vulnerable and building inspectors 
should pay particular attention to this area. 

These potential problems were pointed out in 1980 in our Guideline No. 80-4 
"An Update on Chimneys, Airtight Stoves, Fireplace Inserts and Glass Doors". 
It seems that the fire service is quite aware of these potential problems 
but homeowners still need to be educated. Building officials should be 
warned about the potential dangers of insufficient clearances mentioned 
earlier. It may be noted that as long as a fireplace is used as such, i.e. 
without inserts or glass doors. there may be sufficient latitude in safety, 
That probably explains why Some of these problems don't show up earlier, 
eg, in Photo 2 the fireplace was constructed 15 years ago but the problem 
didn't show up until the glass doors came into place. 

T1ere is a serious need for initiative at a local (municipal) level, A recent 
good example comes to mind. When Prince George's Director of Fire Services. 
Harold Dornbierer. had four similar fires between December 17 and 25 (two of 
which were discussed earlier) he raised the alarm. He had a meeting with 
building officials. local contractors. bricklayers. masonry suppliers. 
insurance people. fireplace insert and other related companies. The result 
was a public awareness program in Prince George and the media provided full 
co-operation. In addition. the municipality has also initiated improved 
inspections of retrofit and new installations. In Prince George. for now 
at least. no installation will be approved unless it is clear that there is 
no wood above the fireplace. if an insert or glass doors are installed. 

The Fire Commissioner's Office is presently reviewing all available data before 
deciding on any action on a provincial level. In spite of any provincial 
action. there is still a need for local initiatives in this regard. 

We are trying to include every building official in B.C. on our mailing list, 
We would like to request local assistants to check with their building 
officials to see if they are presently receiving In Fire Mation. If they 
are not. we would appreciate it if you send us their names and mailing 
addresses, 
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5. Chimneys and Fireplaces, De~ign and Construction 

5.1 General 

5.1.1 
Unless otherwise specified in this Standard, masonry construction 
shall be in accordance with CSA Standard CAN3-A371. 

5.1.2 Footings and Foundations for Chimneys and Fireplaces 

5.1.2.1 
Plain concrete chimney footings shall be designed, mixed, placed, 
cured and tested in accordance with CSA Standard CAN3-A438. 

5.1.2.2 
Reinforced concrete footings and foundations shall conform to CSA 
Standard CAN3-A23.3. 

5.1.2.3 
Interior masonry foundations shall be provided with a dampproof 
course (OPC) where the masonry extend~ through a floor slab and is 
not otherwise protected against ground moisture. 

5.1.2.4 
Where a chimney or fireplace is added to the outside of the 
exterior wall of an existing structure the following shall apply: 
(a) except where prevailing local soil conditions or design 
criteria permit an alternative level, the new footing. shall be 
installed at the same level or below the existing footing provided 
the level is below the frost line and the new footing is placed on 
undisturbed soil with adequate bearing capac:ty; 
(b) the existing drainage provision shall not be blocked, 
interrupted or bridged; and 
(c) where an existing exterior foundation wall is pierced to 
provide a passage for a below grade flue or fireplace, the new 
foundation wall shall be damp-proofed or waterproofed in 
accordance with CSA Standard CAN3-A37l-M. 

5.2 Chimneys 

5.2.1 Flues and Flue Liners for Chimneys 

5.2.1.1 
Masonry or concrete chimneys shall have a clay, concrete or metal 
flue lining or fire-brick lin~ng. 

5.2.1.2 
Every flue liner shall extend upward from the flue base to a point 
not less than 50 mm and not more than 100 mm above the chimney 
cap. 

5.2.1.3 
A chimney shall extend not less than 900 ~ above the highest 
point at which the chimney comes in contact with the roof and no 
less than 600 mm ~bove the highest roof surface or structure 
within 3000 mm of the chimney top. 

A40S - March 86 - Paqe 19 



5.2.1.4 
Exceot for flues cc~st:uc:ed to 5e:~e ~~=e~~aces 0: woed burning 
stoves, every flue shall be equipped ~ith a clean-out deor near 
the bottom. In the case of stoves a clean-out door is optional. 
Clean-out openings must be furnished with a tight fitting metal 
frame and door. 
Note: Where a clean-out door is not provided, cleaning may be 
done through the flue pipe thimble. 

5.2.1.5 
Except for fireplaces every flue sha~l extend downward 200 : 20 mm 
below the lowest opening (thimble or clean-out). The horizontal 
base of the flue shall be sealed with co~crete or cement mortar. 
Note: The lower portion of the flue is i~:ended to act as a 
receptacle for falling debris. Regular re~oval of debris is 
recommended. 

5.2.1.6 
All joints of flue linings shall be sealed airtight and struck 
flush on the inside so as to produce a straight, smooth, fully 
aligned flue. 

5.2.1.7 
Flue liners inclined to the vertical shall have a manufactured 
mitre or be cut with a masonry saw to maintain full alignment of 
flue walls. All adjustments of liner leng:h shall be made with a 
masonry saw to produce square bedjoints. ~qual cuts should be 
made to both liners. 

5.2.1.8 
Cracked or broken liners or liners with brcke;. edges shall not be 
used. 

5.2.1.9 
The opening in the flue liner for a flue pipe connection shall be 
manufactured or machine cut. 

5.2.1.10 
Flue liners shall be surrounded and stabilized on all four sides. 

5.2.1.11 
Chimney liners shall be installed when the surrounding masonry or 
concrete is placed. Spaces (collar joint) between the liner and 
the surrounding masonry shall not be "filled with mortar when the 
chimney walls are less than 190 mm in thickness. 

5.2.1.12 
The space between the liner and the surrounding masonry shall be a 
minimum of 10 rnm and a maximum of 25 mm. 

5.2.1.13 
The last (top) flue liner shall not be less than 300 mm in length. 

5.2.1.14 
Liners shall not be placed in such a manner as to cause ledges or 
steps within the flue passage. 
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5.3.7.1 
The free damper area, normally taken to be the area of the throat, 
shall be at least equal to 90% of the area of the flue. 

5.3.8 Smoke Chamber 

5.3.8.1 
The sides of the smoke chamber connecting a fireplace throat with 
a flue shall not be sloped at an angle greater than 45 0 from the 
vertical and shall be smooth and offer no impediment to smoke 
clearance. 

5.3.8.2 
The thickness of masonry walls surrounding the smoke chamber shall 
be at least 190 ~~ at the sides, front and back, exceot that the 
portions of the brick exposed to the outside may be 140 mID thick. 
Note: It is recommended that outside walls of smoke chamber be 
composed of two wyches of masonry in order to reduce d:3fts 
through joincs. 

5.3.8.3 
When a fireplace is constructed in a structure in 2 stages whereby 
the chimney and roughed-in firep:ace :ecess preceed t~e 
construction of the finished fireplace, the base of the chimney 
must extend at least 200 mm below any wood headers or combustible 
framing members. 

5.3.8.4 
Sufficient space must be left to allow the uninterrupted alignment 
of the smoke chamber to the base of the chimney when any portion 
of the reauired smoke chamber wall t~ickness is to be constructed 
during the completion of the finished fireplace stage. 

5.3.9 Clearance of Combustible Material 

5.3.9.1 
Combustible material shall not be placed on or near the face of a 
fireplace within 150 mrn of the fireplace opening, except that 
where the combustible material projects more than 38 mm out from 
the face of the fireplace above the opening, such material shall 
be at least 300 mm above the top of the opening. Material below 
the opening shall conform to Clause 5.3.6. 

5.3.9.2 
Metal exposed to the heated interior of a fireplace, such as the 
damper control mechanism or a built-in glass door, shall have at 
least a 50 mm clearance from any combustible material on the face 
of the fireplace where such metal penetrates through the face of 
the fireplace. 

5.3.9.3 
When a fireolace is equipped with heat circulating outlet ducts 
above the flreolace opening, the distance from such a duct or 
metal duct griil to the combustible material above shall be at 
least 300 mrn where such projections are more than 38 mrn from the 
face. Where the combustible material projects less than 38 mm, 
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the distance shall be ~ot less than 150 mm to the combustible 
material. 

5.3.9.4 
At least a 100 mm clearance shall be provided between the back and 
sides of a fireplace and combustible framing, except that a SO mm 
clearance is permitted where the fireplace is located on an 
exterior wall. 

5.3.9.5 
At least a 50 mm clearance shall be provided between the back and 
sides of a smoke chamber of a fireplace and combustible framing, 
except that a 25 mm clearance is permitted where a fireplace is 
located on an exterior wall. 

5.3.10 Fireplace Hoods 
Hoods used as part of a fireplace or barbecue shall be not less 
than No. 18 gauge copper, galvanized steel or other equivalent 
corrosion-resistant metal with all s~ams and connections of 
smokeproof unsoldered construction. The hood shall be sloped at 
an angle of 45° or less from the vertical and shall extend 
horizontally at least 160 mm beyond the limits of the fire 
chamber. Hetal hoods shall be kept a minimum of 450 mm from 
combustible materials unless approved for reduced clearance. 

5.3.11 Combustion Air Intake 

5.3.11.1 General 
All fireplaces shall have provision for a supply of combustion air 
from the outside. 

5.3.11.2 
The mlnlmum inside clear diameter of the intake duct shall be 
100 mm or equivalent area. 

5.3.11.3 
The outlet port shall be positioned as close to the fireplace 
opening as possible. 

5.3.11.4 
The outlet port, if positioned inside the fire chamber shall be 
located at the front centre of the chamber hearth and shall be 
equipped with a noncombustible retofall:' able hood which ""ReA 8o!M'll 
points away from the fire and shall be designed to prevent embers 
from entering the duct. 

5.3.11.5 
All air inlets shall be fitted with two dampers, one at the outlet 
port and one at the inlet port, which are operable from inside the 
dwelling. 

'5.3.11.6 
The exterior duct intake shall have an insect screen. 

5.3.11.7 
The ducts shall be noncombustible, corrosion resistant and 
insulated)to prevent condensation. 

/ 
(fV.l.I!}o.' N£c:s~).7 
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5.3.11.8 
The duct shall be kept at least 50 mrn clear of combustible 
construction for the first 1000 mm of its length from the outlet 
in the fire chamber. 

5.3.11.9 
The inlet for combustion air shall be located to avoid being 
blocked by snow. 
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PHOTOGRAPHS: 

lNST ALLA TION OF AIRTIGHT FIREPLACE DOORS 
STEP BY STEP 

1. House exterior with masonry fireplace chimney. 
2. Fireplace as found. 
3. Screens and valance are removed and ashes cleaned out. 
4. Ash clean-out and masonry inspected for damage or fire hazards. 
5. Observations made to determine condition ot flue, location ot flue liner, 

and construction ot smoke chamber. 
S. Estimating best locations for drill holes to locate (nearest combustible 

material next to unlined flue, e.g. header). 
7. Dr1ll1ng probe holes below mantle With extended masonry bit. 
8. Examining bore debris to identify wooden components. 
9. Sealing the ash clean-out with masonry silicone. 
10. Front view of airtight door unit, prior to installing. 
11. Rear view of door unit. showing insulcast cement behind frame to reduce 

surface temperatures. 
12. Profile of heat exchanger, With 75 mm air supply duct along lower 

edge. 
13. Preliminary fitting of door unit to locate air supply inlet and support 

brackets. 
14. Drilling pilot holes through fire brick for air supply. 
15. Reaming the hole in back ot fireplace to fit the 75 mm iron pipe. 
16. Chisel work on stucco veneer behind fireplace to permit insertion of 

75 rnm air inlet pipe. 
17. Fitting door unit into .opening tor permanent installation. 
18. Connecting air supply pipe from outdoors to supply duct along side of 

unit so that outc.oor air is supplied along lower front of fire. 
19. Supporting brackets are tightly bolted to brick flange of fireplace. 
20. Exterior of air inlet is being patched With mortar and fitted With 

insect screen. 
21. Frame ot the door unit is sealed to the masonry using masonry silicone 

along sides, top 'and bottom. 
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of smoke chamber. 

6. Estimating best 

locations for drill 

holes to locate 

(nearest combustible 

material next to unlined 

fl ue, e. g. header). 



7. Drilling probe holes 

below mantle with 

extended masonry bit. 

8. Examining bore debris 

to identify wooden 

components. 

9. Sealing the ash 

clean-out with masonry 

silicone. 



:\ 
( 

J ~t~ 

10. Front view of 

airtight door unit, 

prior to installing. 

11. Rear view of door unit, 

showing insulcast 

cement behind frame 

to reduce surface 

temperatures. 

12. Profile of heat 

exchanger, with 75 mm 

air suppl y duct along 

lower edge. 



J 

13. Preliminary fitting of 

door unit to locate air 

suppl y inlet and support 

brackets. 

14. Drilling pilot holes through 

fire brick for air supply. 

15. Reaming the hole in back 

of fireplace to fit the 75mm 

iron pipe. 



16. Chisel work on stucco 

veneer behind fireplace 

to permit insertion of 

75 mm air inlet pipe. 

17. Fitting door unit into 

opening for permanent 

installation. 

18. Connecting air supply 

pipe from outdoors to 

suppl y duct along side of 

unit so that outdoor air 

is supplied along lower 

front of fire. 



19. Supporting brackets are 

tightl y bolted to brick 

flange of fireplace. 

Exterior of air inlet is 

being patched with mortar 

and fitted with insect 

screen. 

21. Frame of the door unit is 

sealed to the masonry using 

masonry si licone along sies, 

top and bottom. 
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·1 FIRE PLACE GLASS DOOR 

- BIFOLD DOORS 

- DOUBLE VENTS 

- U.S. MADE - PORTLAND - WILLAMETT 

A DIVISION OF THOMAS INDUSTRIES 

1-- 717 mm 

i 0 0 0 0 0 0 0 
0 0 i 

. .~ 17 
489 mm 089 mm 

~ 
0 0 0 0 0 0 0 1 1 

I-t-- 825 mm -~)I 

TOTAL LEAKAGE AREA: 123.8 mm 



It Z FIRE PLACE GLASS DOOR 

- BIFOLD 

- SINGLE ROW OF VENTS 

- MADE BY JUSTESEN (LANGLEY) 

PRODUCTS CORP. 

1,.:.- 700 -+1 

i T 
393 600 mm 

000000000 1 
875 IDID -...,..~ I 

TOTAL LEAKAGE AREA: 84.0 cm2 



;3 FIRE PLACE C:;U.SS DOOR 

- 2-DOOR CUSTOM MADE 

- USED 

- AVERAGE INEXPENSIVE MODEL 
GENERALLY FOUND OF THIS SORT 

- ACTUAL MANUFACTURER NOT KNOWN 

- ONE ROW VENTS 

- LEAKAGE BETWEEN GLASS TO METAL 
SEAL AS WELL AS METAL TO METAL 

DOOR SIZE 

~-------- ----- -- ----------------1 M 183 mm---------------- ------- ----. I 

" , I 
I 1 
I 
I 
I 

tol e N 

Vi e 

~ ~ c: ClIO ... 
§ '" 

\ 

b8S mm 

, 
\ 

I • 
0 0 0 0 0 0 0 1 

I~ 1 M 270 mm 

TOTAL LEAKAGE AREA: 95.7 cm2 
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OVERALL PROJECT SUMMARY 

A SYSTEMS APPROACH 

The project reported on here was designed to expand on previous studies 
of the problem of incomplete venting of combustion products from heating 
appliances in order to approach a more nearly comprehensive understanding 
of the extent and nature of the problem in the Canadian housing stock. 
This project, which was carried out for Canada Mortgage and Housing 
Corporation by the Scanada Sheltair Consortium Inc., consisted of the 
seven sub-projects described below. 

PROJECT 1 COUNTRY-WIDE SURVEY 

Spillage detectors were installed on the draft hoods or barometric 
dampers of gas and oil furnaces and water heaters in 937 houses spread 
throughout the Vancouver, Winnipeg, Toronto, Ottawa and Charlottetown 
regions. The detectors were left in place for approximately 2 months in 
late winter. 

Of the gas heated houses surveyed, 10% had experienced prolonged and 
unusual amounts of combustion gas spillage and 65% had experienced either 
short duration start-up spillage or prolonged spillage of small amounts 
of combustion gas. Of the oil heated houses, 55% had experienced 
significant spillage of high temperature combustion gas, but some of 
these spillage events may have been of only short duration. 

Preliminary analysis indicates that spillage problems seem to be related 
to the following house or heating system characteristics: 

Winnipeg houses (believed to be more nearly airtight due to 
extensive use of stucco) 

pre-1945 houses 

post-1975 houses 

one storey houses 

exterior chimneys 

masonry chimneys with 
under-sized metal liners 
houses with three or more 
exhaust fans 
houses with two open 
masonry fireplaces 
poorly maintained heating 
appliances 

PROJECT 2 MODIFICATIONS AND REFINEMENTS TO THE FLUE SIMULATOR MODEL 

FLUE SIMULATOR, a detailed theoretical computer-based model of the 
combustion venting process had been developed for CMHC prior to this 
project. It is intended for use as an aid in understanding the 
mechanisms of combustion venting failure and the circumstances that give 
rise to them. The modifications undertaken in this project were intended 
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to ma~e the program easier to use and to allow it to model a wider 
variety of furnace/flue/house systems. The modifications included -

o refinements to algorithms 
o more efficient operation of the program 
o modelling additional features and system types 
o user-friendly input and output 

The modified model was validated against field test data and used to 
investigate a number of issues. 

A separate developmental version of the program, called "WOODSIM", was 
successfully developed to model the combustion and combustion venting 
process in wood stoves and fireplaces. 

PROJECT 3 REFINEMENT OF THE CHECKLISTS 

A procedure for identifying and diagnosing combustion venting failures 
had previously been developed for CMHC - the Residential Combustion 
Safety Chec~list. This project provided an opportunity to refine the 
checklist and develop variations of it suitable for a variety of possible 
users such as furnace service personnel, air sealing contractors, 
homeowners, etc. Early in the project, it was decided to separate the 
identification procedures from the diagnostic procedures. This allowed 
the process of identifying houses with potential for combustion venting 
problems to remain relative simple and allowed the diagnostic process to 
become more complex since it would only be used on houses where the extra 
effort would li~ely be worthwhile. Thus the original bac~draft checklist 
has grown into five separate tests/procedures -

Venting Systems Pre-test 
a Quic~, visual inspection procedure which identifies a house as 
either unli~ely to experience pressure-induced spillage or requiring 
further investigation 

Venting Systems Test 
a detailed test procedure for determining to what extent the 
combustion venting system of a house is affected by the envelope 
airtightness and operation of exhaust equipment, perhaps the 
clearest descendent of the old backdraft chec~l;st. 

Chimney Performance Test 
a simple method of determining whether a chimney is capable of 
providing adequate draft 
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a Quick method of determining if the heat exchanger of a furnace has 
a major leaK 

Chimney Safety Inspection 
a visual check for maintenance problems in the chimney system 

These tests/procedures are all presented in a manual entitled "Chimney 
Safety Tests". Full trials of the procedures were carried out on the 
case study houses investigated in Project 6. 

PROJECT 4 HAZARD ASSESSMENT 

Although little was known at the outset of this project about the 
frequency of combustion spillage, even less was known about how much of a 
health hazard such spillage represents. Therefore this sub-project was 
included to investigate the real nature of the health and safety risk 
associated with venting failures. The work was divided into five tasks -

1. Review of current knowledge on pollutant generation due to improper 
venting of combustion appliances (literature review). 

2. Development of a computer program to predict levels of various 
pollutants under various combustion venting failure scenarios. 

3. Acquisition and calibration of a set of instruments required to 
measure the various pollutants at the levels predicted by the 
computer model. 

4. Monitoring pollutant levels in problem houses identified in the 
Country-wide Survey (Project 1) using the instruments acquired in 
TaSK 3. 

5. Analysis of the results of TaSK 4 to arrive at an overall assessment 
of the health hazard represented by combustion venting failures in 
Canadian houses. 

The results indicate that, in most houses, one would rarely encounter 
acute, immediately life-threatening concentrations of pollutants as a 
result of combustion spillage from furnaces or water heaters. However, 
chronic health risk due to low level, long term exposure to pollutants, 
particularly N02, may be a more significant problem which requires 
further investigation. High levels of CO do not seem to be caused by the 
problems which cause spillage and thus occur in spillage events only as a 
result of coincidence. 
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Remedial measures for pressure-induced combustion venting problems were 
identified and researched for a number of different types of combustion 
appliances. 

The remedial measures identified for FIREPLACES were: 

Spillage Advisor 
This is an adjustable volume alarm triggered by a combination 
of particulate and CO detectors and intended to be mounted on 
the front of the mantle or on the wall just above the fire­
place. 

Airtight Glass Doors Combined With An Exterior Combustion Air Supply 
Duct 

The research indicated that conventional glass doors are not 
nearly airtight and do little to separate the fireplace from 
the house's pressure regime. Prototype doors using special 
glass, heavier than normal steel frames and special sealing 
techniques were fabricated and installed and tested. It was 
found that these doors increased the level of house depres­
surization required to cause prolonged spillage from the 
fireplace from 3 Pa to 22 Pa. It is estimated that the 
installed cost would be $600. Further research on the effect 
of airtight doors on temperatures within the fireplace and flue 
and the possible hazard to surrounding combustible materials is 
required. 

The remedial measures identified for GAS-FIRED APPLIANCES were: 

Spillage Advisor 
This could be similar to the fireplace spillage advisor but 
would be triggered by a heat probe mounted in the dilution port 
of the appliance. The heat probes investigated could also be 
used to trigger other remedial measures discussed below. 

Draft-inducing Fan 
A paddle-wheel-type fan moun':ed in the vent connector was found 
to increase the level of house depressurization required to 
cause irreversible spillage from a naturally aspirating gas 
furnace from 7 Pa to more than 20 Pa. 

Draft-assisting Chamber 
A chamber surrounding the appliance's dilution port and 
extending downwards contains combustion products flowing out of 
the dilution port and prolongs the period before they are 
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actually spilled into the room. It was expected that the 
chamber would also use the buoyancy of the contained combustion 
products to assist the flue in developing upward flow and thus 
would increase its resistance to house depressurization; 
however, the results obtained with the prototype tested did not 
live up to expectations. It is expected that modification of 
the design and testing with a furnace/flue/house combination 
more prone to pressure-induced spillage will improve this 
aspect of the chamber's performance. 

The research on remedial measures for OIL-FIRED APPLIANCES indicated that 
stable backdrafting is unlikely to be a problem with oil-fired appliances 
since the pressure generated by the burner blowers is able to rapidly 
overcome backdrafting due to house depressurization and initiate upward 
flue flow. However, this pressurization of the flue system is what 
accounts for the start-up spillage associated with oil appliances and it 
is the duration of this spillage that remedial measures must address. 
The measures identified were: 

Solenoid Valve 
By delaying the start of combustion until the burner has had a 
chance to overcome backdrafting and initiate upward flue flow, 
the solenoid valve reduces the duration of spillage but does 
not eliminate it altogether. 

Draft-inducing Fan 
A fan, similar to that described above under gas appliances, 
mounted in the flue pipe downstream of the barometric damper is 
not needed to overcome backdrafting since the burner blower can 
do this. However, it does relieve pressurization of that 
portion of the flue pipe upstream of itself and hence reduces 
spillage from that portion. There can still be spillage from 
the downstream portion; but, since that portion does not 
include the barometric damper, it is easier to seal. 

Elimination of the Barometric Damper 
Provision of a well-sealed flue pipe without a barometric 
damper is one obvious way to reduce spillage. However, 
elimination of the barometric damper exposes the burner to the 
full chimney draft and disturbs the combustion process of 
conventional burners. Therefore this procedure must include 
replacement of the conventional burner with a high pressure 
burner which is less influenced by flue pressure. Provision of 
an insulated flue liner is often included as part of this 
measure. 
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The work on MAKE-UP AIR SUPPLY remedial measures was less directed 
towards specific measures but served to clarify a number of general air 
supply issues. It indicated that the provision of additional supply air 
is not likely to be effective as a remedy for pressure-induced spillage 
of combustion products if the supply air is introduced unaided through an 
envelope opening of any size likely to considered practical. It is only 
likely to be effective if a supply air fan is used and if that fan has a 
capacity at least equal to the total capacity of all exhaust equipment it 
is attempting to counteract. The discharge from such a supply air fan 
can be introduced essentially anywhere in the house, but is likely to 
create fewer thermal comfort problems if introduced in a normally 
unoccupied area such as the furnace room. 

The knowledge generated in the remedial measures research and already 
available to Consortium members was synthesized into the draft Remedial 
Measures Guide, a manual intended to be a deCision-making guide for 
tradesmen and contractors who have identified pressure-induced spillage 
problems in houses with vented fuel-fired appliances and want to know how 
best to remedy these problems. It is designed to accompany the Venting 
Systems Test. Although the draft Guide is not yet comprehensive and in 
some cases describes procedures which have not been thoroughly field 
tested and/or approved by regulatory authorities, it is hoped it will 
stimulate thought and discussion and improve current trade practices. 

PROJECT 6 PROBLEM HOUSE FOLLOW-UP 

Twenty of the houses identified in the country-wide survey as 
experiencing the worst combustion spillage problems were visited with the 
following objectives: 

to categorize and quantify the nature of venting failures 
to isolate contributing factors 
to collect field data on venting failures for use in the flue 
simulator model validation 
to measure the frequency and quantity of spillage in problem houses 
to measure the approximate impact on air quality of venting fa1lures 
in houses 
to evaluate the effectiveness of the chimney safety tests in 
diagnosis of fa1lures and identificat10n of remedial measures 
to evaluate communications techniques 
to evaluate remedial measures under f1eld condit10ns 

In most of the houses, there were several factors that were assessed as 
contributing causes of the combustion spillage problem - thus conf1rming 
the "systems" nature of the problem. It is also worth noting that, in 
many houses, although the spillage observed was indeed pressure-induced, 
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it occurred at quite low levels of house depressurization because the 
chimneys were only able to generate very weak draft due to some problem 
such as a blocked or leaky flue. The main problem in these cases, 
therefore, was not depressurization but weak chimneys. 

PROJECT 7 COMMUNICATIONS STRATEGY 

As the survey revealed that the problem, while substantial, is not 
epidemic in proportion, there is no need to create widespread alarm in 
the general public. A communication strategy has been drafted with this 
in mind. It places emphasis on motivating the heating and housing 
industries to be aware of the combustion venting problem and its causes 
and to make effective use of the diagnostic tools and preventive and 
remedial measures developed in this project. 

OVERALL PROJECT SUMMARY AND CONCLUSIONS 

The project has gone a long way towards meeting its original objectives 
and has significantly advanced the state-of-the-art in this field. 

It has led to improved understanding of the combustion venting process 
and confirmed the "systems" nature of the failures that lead to 
combustion venting problems. 

It appears that a significant portion of the Canadian housing stock has 
potential for combustion venting failure to occur on a regular basis. In 
most cases, this is unlikely to lead to immediate life-threatening 
pollution levels, but long term chronic health hazards could be a 
problem; however this latter concern requires further investigation 
before any definite conclusion can be reached. 

A number of techniques are available for identifying houses prone to 
combustion venting failure and for diagnosing the causes of such failure. 
There are also available a number of measures for preventing combustion 
venting failure in new houses and for remedying it in existing houses. A 
communication strategy has been drafted for conveying these techniques 
and measures to relevant people in the housing and heating industries and 
for encouraging them to make use these tools. 
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